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DEPARTMENT  OF  AGRICULTURE 

Agricultural  Marketing  Service 

7  CFR  Part  920 

[Docket  No.  FV-92-060IFR] 

Klwifrult  Grown  in  CaMfomia; 
Relaxation  of  Quality  Requirements 

agency:  Agricultural  Marketing  Service, 
USDA. 

ACTION:  Interim  final  rule  with  request 
for  comments. 

SUMMARY:  This  interim  final  rule  revises 
the  quality  requirements  for  California 
Kiwifruit.  Such  fruit  is  currently  subject 
to  a  minimum  requirement  of  a  modified 
U.S.  No.  1  grade  (known  as  KAC  No.  1 
quality).  The  current  KAC  No.  1  quality 
requirements  are  the  same  as  the 
requirements  for  the  U:S.  No.  1  grade 
except  for  those  pertaining  to  cleanness 
and  shape.  This  rule  increases  the 
toleranoe  for  misshapen  kiwifruit.  This 
action  is  intended  to  allow  more 
kiwifruit  into  fresh  market  channels, 
consistent  with  current  market 
requirements. 

DATES:  This  action  is  effective 
September  17, 1992.  Comments  which 
are  received  by  October  14, 1992  will  be 
considered  before  the  issuance  of  any 
final  rule. 

ADDRESSES:  Written  comments 
concerning  this  rule  should  be  submitted 
in  triplicate  to  the  Docket  Clerk,  F&V 
Division,  AMS,  USDA,  PtO.  Box  96456, 
room  2525-S,  Washington,  DC  20090- 
6456.  All  comments  submitted  will  be 
made  available  for  public  inspection  in 
the  above  office  during  regular  business 
hours.  Comments  should  reference  the 
docket  number  and  the  date  and  page 
number  of  this  issue  of  the  Federal 
Register. 

FOR  FURTHER  INFORMATION  CONTACT: 

Kenneth  G.  Johnson,  Marketing  Order 
Administration  Branch,  Fruit  and 


Vegetable  Division,  AMS,  USDA,  PX3. 
Box  96456,  room  2525-S,  Washington, 

DC  20090-6456:  telephone  (202)  690- 
3670. 

SUPPLEMENTARY  INFORMATION:  This 
interim  final  rule  is  issued  under 
Marketing  Agreement  and  Marketing 
Order  No.  920,  both  as  amended  (7  CFR 
part  920),  regulating  the  handling  of 
kiwifruit  grown  in  California.  This  order 
is  effective  under  the  Agricultural 
Marketing  Agreement  Act  of  1937,  as 
amended  (7  U.S.C.  601-674),  hereinafter 
referred  to  as  the  Act. 

This  interim  final  rule  has  been 
reviewed  by  the  Department  of 
Agriculture  (Department)  in  accordance 
with  Departmental  Regulation  1512-1 
and  the  criteria  contained  in  Executive 
Order  12291  and  has  been  determined  to 
be  a  “non-major"  rule. 

This  interim  final  rule  has  been 
reviewed  under  Executive  Order  12778, 
Crvfl  Justice  Reform.  This  action  is  not 
intended  to  have  retroactive  effect.  This 
rule  will  not  preempt  any  state  or  local 
laws,  regulations,  or  policies,  unless 
they  present  an  irreconcilable  conflict 
with  this  rule. 

The  Act  provides  that  administrative 
proceedings  must  be  exhausted  before 
parties  may  file  suit  m  court.  Under 
section  608c(15j(Aj  of  the  Act,  any 
handler  subject  to  an  order  may  file  with 
the  Secretary  a  petition  stating  that  the 
order,  any  provision  of  the  order,  or  any 
obligation  imposed  in  connection  with 
the  order  is  not  in  accordance  with  law 
and  requesting  a  modification  of  the 
order  or  to  be  exempted  therefrom.  A 
handler  is  afforded  the  opportunity  for  a 
hearing  on  the  petition.  After  the  hearing 
the  Secretary  would  rule  on  the  petition. 
The  Act  provides  that  the  district  court 
of  the  United  States  in  any  district  in 
which  the  handler  is  an  inhabitant,  or 
has  his  principal  place  of  business,  has 
jurisdiction  in  equity  to  review  the 
Secretary’s  ruling  on  the  petition, 
provided  a  bill  in  equity  is  filed  not  later 
than  20  days  after  date  of  the  entry  of 
the  ruling. 

Pursuant  to  the  requirements  set  forth 
in  the  Regulatory  Flexibility  Act  (RFA), 
the  Administrator  of  the  Agricultural 
Marketing  Service  (AMS)  has 
considered  the  economic  impact  of  this 
action  on  small  entities. 

The  purpose  of  the  RFA  is  to  fit 
regulatory  actions  to  the  scale  of 
business  subject  to  such  actions  in  order 
that  small  businesses  will  not  be  unduly 


or  disproportionately  burdened. 
Marketing  orders  issued  pursuant  to  the 
Act,  and  rules  issued  thereunder,  are 
unique  in  that  they  are  brought  about 
through  group  action  of  essentially  small 
entities  acting  on  their  own  behalf. 

Thus,  both  statutes  have  small  entity 
orientation  end  compatibility. 

There  are  approximately  100  handlers 
of  California  kiwifruit  subject  to 
regulation  under  the  marketing  order, 
and  approximately  700  producers.  Small 
agricultural  producers  have  been 
defined  by  die  Small  Business 
Administration  (13  CFR  121.601)  as 
those  having  annual  receipts  of  less  than 
$500,000,  and  small  agricultural  service 
firms  are  defined  as  those  whose  annual 
receipts  are  less  than  $3,500,000.  A 
minority  of  these  handlers  and  a 
majority  of  the  producers  may  be 
classified  as  small  entities. 

The  production  of  California  kiwifruit 
for  the  1991  Beason  totaled  7,780,000  tray 
equivalents,  compared  to  the  1990 
season  of  8,900,000  tray  equivalents. 

This  represents  a  15  percent  decrease  in 
California  kiwifruit  production  from 
1990  Jo  1991. 

Minimum  requirements  for  California 
kiwifruit  are  based  on  the  U.S. 

Standards  for  Grades  of  Kiwifruit  (7 
CFR  51.2335  through  51.2340) 

(Standards).  The  Standards  list  a 
number  of  grade  defects,  which  include 
bruises,  growth  cracks,  misshapen  fruit 
and  discoloration.  The  listed  defects  are 
the  same  for  the  U.S.  No.  1  and  U.S.  No. 

2  grades;  however,  the  allowable 
amount  of  damage  for  these  defects 
varies.  The  U.S.  No.  1  grade  requires 
that  kiwifruit  be  free  from  damage  by 
these  defects.  The  U.S.  No.  2  grade 
requirements  are  less  stringent, 
providing  that  the  fruit  must  be  free  from 
serious  damage  by  defects.  “Damage”  is 
defined  as  any  defect  or  combination  of 
defects  which  materially  detracts  from 
the  appearance  or  the  edible  or 
marketing  quality  of  the  commodity. 
“Serious  damage"  is  defined  as  any 
defect  or  combination  of  defects  which 
seriously  detracts  from  the  appearance, 
or  the  edible  or  marketing  quality  of  the 
commodity. 

Currently,  California  kiwifruit  are 
subject  to  a  modified  U.S.  No.  1  grade 
(known  as  KAC  No.l  quality).  KAC  No. 

1  quality  requirements  are  the  same  as 
the  requirements  for  the  U.S.  No.  1  grade 
under  the  Standards,  except  that  the 
U.S.  No.  2  grade  requirement  is  applied 
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with  respect  to  cleanness  and  shape. 

U.S.  No.  1  grade  fruit  must  be  “clean” 
and  "fairly  well  formed",  whereas  U.S. 
No.  2  grade  fruit  need  only  be  “fairly 
clean”  and  "not  badly  misshapen.” 

At  a  meeting  held  on  April  7, 1992,  the 
Kiwifruit  Administrative  Committee 
(KAC),  the  agency  responsible  for  local 
administration  of  the  marketing  order, 
recommended  relaxing  the  current 
shape  requirement  to  permit  an 
additional  allowance  for  “badly 
misshapen”  Kiwifruit.  According  to  the 
Standards  “badly  misshapen”  means  the 
fruit  is  so  decidedly  deformed  that  its 
appearance  is  seriously  affected.  Such 
kiwifruit  has  previously  been  perceived 
as  not  being  acceptable  to  or  preferred 
by  consumers.  However,  the  KAC 
believes  some  amount  of  such  fruit  is 
acceptable  to  consumers. 

Currently,  the  Standards  allow  an  8 
percent  tolerance  for  fruit  which  fails  to 
meet  the  specified  grade  requirements. 
The  KAC  recommended  relaxing  the 
minimum  quality  requirement  to  permit 
an  additional  7  percent  tolerance 
specifically  for  “badly  misshapen” 
kiwifruit.  The  KAC  believes  that 
permitting  the  shipment  of  some  fruit 
which  is  wider  than  it  is  tall  will  allow 
more  kiwifruit  to  be  shipped  into  fresh 
market  channels,  consistent  with  current 
market  requirements. 

Section  8e  of  the  Act  provides  that 
when  certain  domestically  produced 
commodities,  including  kiwifruit,  are 
regulated  under  a  Federal  marketing 
order,  imports  of  that  commodity  must 
meet  the  same  or  comparable  grade, 
size,  quality  or  maturity  requirements. 
Since  this  rule  relaxes  the  minimum 
quality  requirements  under  the  domestic 
handling  regulation,  a  corresponding 
change  in  the  kiwifruit  import  regulation 
will  be  considered.  Such  change  would 
be  addressed  in  a  separate  rulemaking 
action. 

Based  on  the  above,  the  Administrator 
of  the  AMS  has  determined  that  this 
action  will  not  have  a  significant 
economic  impact  on  a  substantial 
number  of  small  entities. 

After  consideration  of  all  relevant 
information  available,  it  is  found  that 
this  action,  as  set  forth  below,  will  tend 
to  effectuate  the  declared  policy  of  the 
Act. 

Pursuant  to  5  U.S.C.  553,  it  is  also 
found  and  determined,  upon  good  cause, 
that  it  is  impracticable,  unnecessary  and 
contrary  to  the  public  interest  to  give 
preliminary  notice  prior  to  implementing 
this  action,  and  that  good  cause  exists 
for  not  postponing  the  effective  date  of 
this  action  until  30  days  after 
publication  in  the  Federal  Register 
because:  (1)  The  KAC  unanimously 
recommended  this  action  at  a  public 


meeting  and  all  interested  persons  had 
an  opportunity  to  provide  input:  (2)  this 
action  relaxes  handling  requirements  (3) 
California  kiwifruit  shippers  are  aware 
of  this  action  and  need  no  additional 
time  to  comply  with  the  relaxed 
requirements;  and  (4)  this  rule  provides 
a  30-day  comment  period  and  any 
comments  received  will  be  considered 
prior  to  finalization  of  this  rule. 

List  of  Subjects  in  7  CFR  Part  920 

Kiwifruit.  Marketing  agreements. 

For  the  reasons  set  forth  in  the 
preamble,  7  CFR  part  920  is  amended  as 
follows: 

PART  920— KIWIFRUIT  GROWN  IN 
CAUFORNIA 

1.  The  authority  citation  for  7  CFR 
part  920  continues  to  read  as  follows: 

Authority:  7  U.S.C.  601-674. 

2.  Section  920.302  is  amended  by 
revising  paragraph  (b)(1)  to  read  as 
follows: 

Note:  This  section  will  appear  in  the  annual 
code  of  Federal  Regulations. 

§  920.302  Grade,  size,  pack  and  container 
regulations. 

***** 

(b)  Definitions.  (1)  The  term  "KAC  No. 
1  quality”  means  kiwifruit  that  meets  the 
requirements  of  the  U.S.  No.  1  grade  as 
defined  in  the  United  States  Standards 
for  Grades  of  Kiwifruit  (7  CFR  51.2335 
through  51.2340),  except  that  the 
kiwifruit  shall  be  “not  badly 
misshapen.”  The  terms  “fairly  uniform 
in  size”  and  “diameter”  mean  the  same 
as  defined  in  the  U.S.  Standards  for 
Grades  of  Kiwifruit. 
***** 

Dated:  September  4, 1992. 

Robert  C.  Keeney, 

Deputy  Director,  Fruit  and  Vegetable 
Division. 

[FR  Doc.  92-22043  Filed  9-11-92;  8:45  am] 

BHJJNO  CODE  341 0-02 -M 


NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 

14  CFR  Part  1214 

Space  Shuttle 

AGENCY:  National  Aeronautics  and 
Space  Administration  (NASA). 
action:  Final  rule. 

summary:  NASA  is  adopting  14  CFR 
part  1214  subpart  1214.1,  "General 
Provisions  Regarding  Space  Shuttle 
Flights  of  Cargo-bay  Payloads  for  Non- 
U.S.  Government  Reimbursable 
Customers”  as  a  final  rule.  This  rule  sets 


forth  general  provisions  regarding  flight 
of  Space  Shuttle  cargo  bay  payloads  for 
non-U.S.  government,  reimbursable 
customers.  It  does  not  apply  to  Small 
Self-Contained  Payloads  flown  under 
the  provision  of  subpart  1214.9  or 
payloads  flown  on  a  space-available 
basis  on  NASA-provided  Hitchhiker 
carriers. 

effective  DATE:  December  31, 1991. 

FOR  FURTHER  INFORMATION  CONTACT: 

Robert  L  Tucker.  Jr.  (202)  453-2347. 
SUPPLEMENTARY  INFORMATION:  NASA 
published  this  rule  as  an  interim  final 
rule  in  the  Federal  Register  on  February 
6, 1992,  57  FR  4544.  No  comments  were 
received  from  the  public;  therefore,  the 
interim  final  rule  amending  14  CFR  part 
1214  subpart  1214.1  is  adopted  as  a  final 
rule  without  change. 

Dated:  September  2, 1992. 

Daniel  S.  Goldin, 

Administrator. 

[FR  Doc.  92-22036  Filed  9-11-02;  8:45  am] 

BILL! NO  CODE  7510-01-M 


DEPARTMENT  OF  COMMERCE 

Bureau  of  Export  Administration 

15  CFR  Parts  770, 771, 773, 776, 779, 
786,  and  799 

[Docket  No.  920897-2197] 

Revisions  to  the  Export  Administration 
Regulations;  Clarifications 

AGENCY:  Bureau  of  Export 
Administration,  Commerce. 

ACTION:  Final  rule. 

SUMMARY:  The  Bureau  of  Export 
Administration  is  amending  the  Export 
Administration  Regulations  (EAR)  to 
make  certain  editorial  clarifications  and 
corrections  and  to  make  revisions  that 
conform  with  the  Commerce  Control  List 
(CCL)  that  was  published  in  the  Federal 
Register  on  August  29, 1991  (56  FR 
42824)  and  the  EAR  revisions  that  were 
published  in  the  Federal  Register  on 
February  6, 1992  (57  FR  4553). 

EFFECTIVE  date:  This  rule  is  effective  on 
September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 
Patricia  Muldonian,  Office  of 
Technology  and  Policy  Analysis,  Bureau 
of  Export  Administration,  U.S. 
Department  of  Commerce,  Telephone: 
(202)  377-2440. 

SUPPLEMENTARY  INFORMATION:  Section 
771.2  is  amended  by  adding  a  new 
paragraph  (c)(12)  to  clarify  that  items 
controlled  for  crime  control  are  not 
eligible  for  general  licenses,  except  to 
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Australia,  }apan,  New  Zealand,  and 
members  of  NATO.  In  §  776.14,  the 
descriptions  of  commodities  controlled 
for  crime  control  reasons  are  revised  to 
accurately  reflect  those  items  on  the 
CCL  that  are  subject  to  these  controls. 

Section  771.5(a)(1)  is  amended  to 
exclude  Iran  and  Syria  horn  General 
License  GLV  eligibility  to  conform  with 
the  reformulation  of  controls  on  Iran  and 
Syria  described  in  the  August  29, 1991, 
publication  of  the  CCL  and  reported  to 
the  Congress  on  August  28, 1991. 

This  rule  also  makes  the  following 
clarifications: 

(1)  The  term  NATO  is  added  to  the 
definitions  listed  in  §  770.2; 

(2)  In  Supplement  No.  1  to  part  773, 
paragraph  (aH2)  is  revised  to  accurately 
reflect  the  safeguard  supercomputer 
security  conditions; 

(3)  In  Supplement  No.  4  to  part  773, 
ECCN  3A52  is  amended  to  correct  a 
typographical  error. 

(4)  Section  779.4(a)  is  revised  to 
change  and  clarify  the  restrictions  that 
apply  to  certain  countries  under  General 
License  GTDR; 

(5)  Section  779.8(b)  is  revised  to 
clarify  the  reexport  provisions  for  the 
direct  product  of  U.S.  origin  technical 
data; 

(6)  Section  78§.6(g)(l)(i)  is  revised  to 
clarify  that  an  invoice  prepared  by  an 
order  party  may  also  be  used  as  an 
export  invoice,  provided  that  the 
exporter  or  the  exporter’s  agent  inserts 
the  appropriate  destination  control 
statement  on  the  invoice; 

(7)  Sections  786.8(b)(9)  and  786.9(b) 
are  revised  to  clarify  that,  in  addition  to 
the  Office  of  Export  Licensing  and  the 
U.S.  Customs  Service,  the  Office  of 
Export  Enforcement  may  order  the 
return  or  unloading  of  a  shipments); 
and 

(8)  CCL  entries  4D01  and  4D02  are 
revised  to  correct  typographical  errors 
in  the  Requirements  section. 

Rulemaking  Requirements* 

1.  This  rule  complies  with  Executive 
Order  12291  and  Executive  Order  12661. 

2.  This  rule  involves  collections  of 
information  subject  to  the  Paperwork 
Reduction  Act  of  1980  (44  U.SG.  3501  et 
seq.).  These  collections  have  been 
approved  by  the  Office  of  Management 
and  Budget  under  control  numbers  0894- 
0005,  0694-0010,  and  0094-0023. 

3.  This  rule  does  not  contain  policies 
with  Federalism  implications  sufficient 
to  warrant  preparation  of  a  Federalism 
assessment  under  Executive  Order 
12612. 

4.  Because  a  notice  of  proposed 
rulemaking  and  an  opportunity  for 
public  comment  are  not  required  to  be 
given  for  this  rule  by  section  5S3  of  the 


Administrative  Procedure  Act  (5  U.S.C. 
553)  or  by  any  other  law,  under  sections 
603(a)  and  604(a)  of  the  Regulatory 
Flexibility  Act  (5  U.S.C.  603(a)  and 
604(a))  no  initial  or  final  Regulatory 
Flexibility  Analysis  has  to  be  or  will  be 
prepared. 

5.  The  provisions  of  the 
Administrative  Procedure  Act,  5  U.S.C. 
553,  requiring  notice  of  proposed 
rulemaking,  the  opportunity  for  public 
participation,  and  a  delay  in  effective 
date,  are  inapplicable  because  this 
regulation  involves  a  foreign  and 
military  affairs  function  of  the  United 
States.  This  rule  does  not  impose  a  new 
control.  No  other  law  requires  that  a 
notice  of  proposed  rulemaking  and  an 
opportunity  for  public  comment  be  given 
for  this  rule. 

Accordingly,  it  is  issued  in  final  form. 
However,  comments  from  the  public  are 
always  welcome.  Comments  should  be 
submitted  to  Patricia  Muldonian,  Office 
of  Technology  and  Policy  Analysis, 
Bureau  of  Export  Administration, 
Department  of  Commerce,  P.O.  Box  273, 
Washington,  DC  20044. 

List  of  Subjects 

15  CFR  Part  770 

Administrative  practice  and 
procedure.  Exports. 

15  CFR  Parts  771,  773,  776,  786,  and  799 

Exports,  Reporting  and  recordkeeping 
requirements. 

15  CFR  Part  779 

Computer  technology,  Exports, 
Reporting  and  recordkeeping 
requirements,  Science  and  technology. 

Accordingly,  parts  770,  771,  773,  776, 
779,  786,  and  799  of  the  Export 
Administration  Regulations  are 
amended  as  follows: 

1.  The  authority  citations  for  15  CFR 
parts  770,  771,  788,  and  799  continue  to 
read  as  follows: 

Authority:  Pub.  L  90-351,  82  Stat  187  (18 
U.S.C.  2510  et  seq.},  as  amended:  sec.  101, 

Pub.  L  93-153,  87  Stat.  576  (30  U.S.C.  185),  as 
amended;  Bee.  103,  Pub.  L.  94-163,  89  Stat.  877 
(42  U.S.C.  6212),  as  amended;  secs.  201  and 
201(ll)(e),  Pub.  L.  94-258,  90  Stat.  309  (10 
U.S.C.  7420  and  7430(e)),  as  amended;  Pub.  L 
95-223,  91  Stat.  1626  (50  U.S.C.  1701  et  seq.); 
Pub.  L.  95-242,  92  Stat  120  (22  U.SXL  3201  et 
seq.  and  42  U.S.C.  2130a);  sec.  208,  Pub.  L.  95- 
372,  92  Stat.  668  (43  U.S.C.  1354);  Pub.  L.  96- 
72,  98  Stat  503  (50  US.C.  app.  2401  et  seq.),  as 
amended;  sec.  125,  Pub.  L.  99-64,  99  Stat  156 
(46  U.S.C.  466c);  E.0. 11912  of  April  13. 1976 
f41  FR 15825,  .April  15, 1976);  EX).  12002  of 
july  7, 1977  (42  FR  35623,  July  7. 1977),  as 
amended;  E.0. 12058  of  May  11, 1978  (43  FR 
20947,  May  16, 1978);  E.O. 12214  of  May  2, 

1980  (45  FR  29783,  May  6. 1980);  E.0. 12730  of 
September  30, 1990  (55  FR  40373,  October  2, 
1990),  -as  continued  by  Notice  of  September 


28. 1991  (56  FR  49385,  September  27, 1991); 
and  E.0. 12735  of  November  16, 1990  (55  FR 
48587,  November  20, 1990),  as  continued  by 
Notice  of  November  14, 1991  (56  FR  58171, 
November  15, 1991). 

2.  The  authority  citations  for  15  CFR 
parts  773  and  779  continue  to  read  as 
follows: 

Authority:  Pub.  L.  90-351,  82  Stat.  197  (18 
U.S.C.  2510  et  seg.),  as  amended;  Pub.  L.  95- 
223,  91  Stat.  1628  (50  U.S.C.  1701  et  seq.);  Pub. 
L.  95-242,  92  Stat.  120  (22  U.S.C.  3201  et  seq. 
and  42  U.S.C.  2139a);  Pub,  L  96-72,93  Stat. 

503  (50  U.S.C.  app.  2401  et  seq.),  as  amended; 
E.0. 12002  of  July  7, 1977  (42  FR  35623,  July  7, 
1977),  as  amended;  E.0. 12058  of  May  11, 1978 
(43  FR  20947,  May  16, 1978);  EXt  12214  of 
May  2, 1980  (45  FR  29783,  May  8, 1980);  EX). 
12730  of  September  30, 1990  (55  FR  40373, 
October  2, 1990),  as  continued  by  Notice  of 
September  26, 1991  (56  FR  49385,  September 
27, 1991);  and  E.0. 12735  of  November  18, 

1990  (55  FR  48587,  November  20, 1990),  as 
continued  by  Notice  of  November  14, 1991  (56 
FR  58171,  November  15, 1991). 

3.  The  authority  citations  for  15  CFR 
part  770  continue  to  read  as  follows: 

Authority:  Pub.  L.  90-351,  82  Stat.  197  (18 
U.S.C.  2510  et  seq.),  as  amended;  Pub.  L.  95- 
223,  91  Stat.  1626  (50  U.S.C.  1701  et  seq.);  Pub. 
L.  95-242,  92  Stat.  120  (22  U.S.C.  3201  et  seq. 
and  42  U.S.C.  2139a);  Pub.  L.  96-72,  93  Stat. 
503  (50  U.S.C.  app.  2401  et  seq.),  as  amended; 
sec.  125,  Pub.  L  99-64.  99  Stat  156(46  UJJ.C. 
466c);  E.0. 12002  of  July  7 1977  (42  FR  35623, 
July  7, 1977),  as  amended;  EX).  12058  of  May 
11, 1978  (43  FR  20947,  May  16, 1978);  EX). 
12214  or  May  2, 1980  (45  FR  29783,  May  6 
1980);  E.0. 12730  of  September  30, 1990  (55  FR 
40373,  October  2, 1990),  as  continued  by 
Notice  of  September  26, 1991  (56  FR  49385, 
September  27, 1991);  and  E.0. 12735  of 
November  18, 1990  (55  FR  48587,  November 

20. 1990)  as  continued  by  Notioe  of 
November  14, 1991  (56  FR  58171,  November 

15. 1991) . 

PART  770— [AMENDED! 

4.  Section  770.2  is  amended  by  adding 
a  definition  for  “NATO”  immediately 
following  the  definition  for  “Middle 
East”  to  read  as  follows: 

§  770.2  Definition  of  terms. 
**««** 

Middle  East  *  *  * 

NATO  (North  Atlantic  Treaty 
Organization).  A  strategic  defensive 
organization  that  consists  of  the 
following  member  nations:  Belgium, 
Canada,  Denmark,  France,  Germany, 
Greece,  Iceland,  Italy,  Luxembourg,  the 
Netherlands,  Norway,  Portugal.  Spain, 
Turkey,  the  United  Kingdom,  and  the 
United  States. 
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PART  771-t  AMENDED] 

5.  Section  771.2  is  amended  by 
revising  paragraph  (c)(12),  formerly 
reserved,  to  read  as  follows: 

§  771.2  General  provisions. 
***** 

(c)  *  *  * 

(12)  The  commodity  is  subject  to  the 
crime  control  provisions  of  §  776.14  of 
this  subchapter,  and  the  destination  is 
not  Australia,  Japan,  New  Zealand,  and 
members  of  NATO.  (This  provision  does 
not  apply  to  §  771.6(c)). 

6.  Section  771.5(a)(1)  is  amended  by 
revising  the  parenthetical  phrase 
“(except  the  People’s  Republic  of 
China),"  to  read  "(except  Iran,  the 
People's  Republic  of  China,  or  Syria),’’. 

PART  773— [AMENDED] 

7.  In  Supplement  No.  1  to  part  773, 
paragraph  (a)(2)  is  revised  to  read  as 
follows: 

Supplement  No.  1  to  Part  773- 
Commodities  Excluded  From  the 
Special  License  Procedures 

***** 

(a)  *  *  * 

(1)  *  *  * 

(2)  Australia,  Belgium,  Denmark, 
France,  Germany,  Italy,  the  Netherlands, 
Norway,  Spain,  and  the  United 
Kingdom,  provided  that  the  export 
comports  with  the  safeguard 
supercomputer  security  conditions 
imposed  by  §  776.11(d)(3)  of  this 
subchapter: 

***** 

8.  In  Supplement  No.  4  to  part  773, 
entry  no.  3A52  is  amended  by  revising 
the  phrase  “100  Mhz;"  to  read  “1000 
Mhz;”. 

PART  776— (AMENDED] 

9.  Section  776.14(a)  is  amended  by 
revising  the  second  sentence  to  read  as 
follows: 

§  776. 1 4  Crime  control  and  detection 
commodities. 

(a)  *  *  *  Commodities  affected  by 
thi6  requirement  are  identified  on  the 
Commerce  Control  List  under  ECCNs 
0A82,  0A84, 1A84,  3A80,  3A81,  4A03 
(fingerprint  computers  only),  6A02 
(police-model  infrared  viewers  only), 
and  9A80.  *  *  * 


PART  779— [AMENDED] 

10.  Section  779.4  is  amended  by 
revising  paragraph  (a)  to  read  as 
follows: 


§  779.4  General  license  GTDR:  technical 
data  under  restriction. 

***** 

(a)  Country  restrictions.  General 
License  GTDR  with  written  assurance 
may  not  be  used  for  exports  to  Country 
Groups  QWYS  and  Z,  the  People’s 
Republic  of  China,  Iran,  or  Syria. 

General  License  GTDR  without  written 
assurance  (GTDU)  may  not  be  used  for 
exports  to  Country  Groups  S  and  Z,  Iran 
or  Syria  of  software  available  at  retail 
outlets  as  described  in  the  General 
Software  Note  (Supplement  No.  2  to 

§  799.1  of  this  subchapter).  General 
License  GTDR  without  written 
assurance  (GTDU)  as  described  in  any 
entry  on  the  Commerce  Control  List 
(Supplement  No.  1  to  §  799.1  of  this 
subchapter)  may  not  be  used  for  exports 
to  Country  Groups  S  and  Z.  This 
General  License  is  subject  to  the 
prohibitions  described  in  §  771.2(c)  of 
this  subchapter,  including  the 
prohibition  on  any  export  to  the  South 
African  military  or  police. 
***** 

11.  Section  779.8  is  amended  by 
revising  paragraphs  (b)(2)  and  (b)(2)(i), 
by  redesignating  paragraph  (b)(3)  as 
(b)(4),  and  by  adding  a  new  paragraph 
(b)(3)  to  read  as  follows: 

§  779.8  Reexports  of  technical  data  and 
exports  of  the  product  manufactured 
abroad  by  use  of  United  States  technical 
data. 

***** 

(b)  *  *  * 

(2)  COCOM  authorization.  Separate 
specific  authorization  by  the  Office  of 
Export  Licensing  to  reexport  any  U.S. 
origin  technical  data  is  not  required  if  all 
of  the  following  conditions  are  met: 

(i)  The  data  being  exported  are 
identified  by  the  suffix  "A"  on  the  CCL; 
***** 

(3)  Direct  product.  Separate  specific 
authorization  by  the  Office  of  Export 
Licensing  to  export  or  reexport  the 
direct  product  of  U.S.  origin  technical 
data  is  not  required  if  the  direct  product, 
were  it  of  U.S.  origin,  could  be  shipped 
under  any  of  the  permissive  reexport 
provisions  of  §  774.2  of  this  subchapter. 


PART  786— [AMENDED] 

12.  Section  786.6  is  amended  by 
revising  paragraph  (g)(l)(i)  to  read  as 
follows: 

§  786.6  Destination  control  statements. 


(i)  General.  The  exporter  has  the 
primary  responsibility  for  assuring  entry 


of  an  appropriate  destination  control 
statement  on  the  commercial  invoice, 
regardless  of  whether  the  exporter 
actually  prepares  this  document.  An 
invoice  that  is  prepared  by  an  order 
party  may  be  used  as  an  export  invoice, 
when  appropriate.  The  responsibility  for 
inserting  the  destination  control 
statement  on  such  invoices  is  that  of  the 
exporter  or  the  exporter’s  designated 
agent  If  a  forwarder,  a  carrier  acting  as 
a  forwarder,  or  any  other  party  that 
prepares,  presents,  and/or  executes  the 
invoice,  the  forwarder,  carrier,  or  other 
party  is  also  responsible  for  assuring 
that  an  appropriate  statement  is  entered 
on  the  invoice.  The  carrier,  as  the  party 
that  issues  the  bill  of  lading  or  air 
waybill,  has  the  primary  responsibility 
for  assuring  that  the  same  destination 
control  statement  appearing  on  the 
corresponding  invoice  also  appears  on 
the  bill  of  lading  or  air  waybill.  Any 
other  party  who  prepares  a  bill  of  lading 
or  air  waybill  is  also  responsible  for 
assuring  that  the  appropriate  statement 
is  placed  on  the  bill  of  lading  or  air 
waybill. 


§  786.8  [Amended] 

13.  In  §  786.8,  paragraph  (b)(9)  is 
amended  by  revising  the  phrase 
“customs  office  or  Office  of  Export 
Licensing"  to  read  “customs  office. 

Office  of  Export  Enforcement,  or  Office 
of  Export  Licensing”. 

§  786.9  [Amended] 

14.  Section  786.9  is  amended  by 
revising  the  phrase  “Office  of  Export 
Licensing  or  any  U.S.  customs  officer"  to 
read  “Office  of  Export  Licensing,  Office 
of  Export  Enforcement,  or  any  U.S. 
customs  officer"  in  the  introductory  text 
of  paragraph  (b). 

PART  799-{  AMENDED] 

15.  In  Supplement  No.  1  to  §  799.1  (the 
Commerce  Control  List),  Category  4, 
Computers,  entries  4D01A  and  4D02A 
are  amended  by  revising  the 
Requirements  section  to  read  as  follows: 

4D01A  “Software”  specially  designed 
or  modified  for  the  “development”, 
“production”  or  “use”  of  equipment, 
materials,  or  “software”  controlled  by 
4A,  4B,  4C,  or  4D  for  NS  or  MT. 

Requirements 

Validated  License  Required:  QSTVWYZ 
Unit :  $  value 

Reason  for  Control:  NS,  MT,  FP  (see 
Note) 

GTDR:  Yes,  except  MT,  Iran  and  Syria 
GTDU:  No 
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Note:  MT  controls  apply  to  "software” 
specially  designed  or  modified  for  the 
"development”,  "production”,  or  “use”  of 
equipment  controlled  for  MT  by  4A01, 4A02, 
4A03,  and  4A21. 

4D02A  “Software”  specially  designed 
or  modified  to  support  “technology” 
controlled  by  4E  for  NS  or  MT. 

Requirements 

Validated  License  Required:  QSTVWYZ 
Unit:  $  value 

Reason  for  Control:  NS,  MT,  FP  (see 
Note) 

GTDR :  Yes,  except  MT,  Iran  and  Syria 
GTDU:  No 

Note:  MT  controls  apply  to  “software” 
specially  designed  or  modified  to  support 
technology  for  the  "development”, 
"production”,  or  “use"  of  equipment 
controlled  for  MT  by  4A01,  4A02, 4A03,  and 
4A21. 

***** 

16.  Supplement  No.  2  to  §  799.1  is 
amended  by  revising  the  introductory 
text  of  the  second  note  to  read  as 
follows: 

Supplement  No.  2  to  §  799.1— General 
Technology  and  Software  Notes 

***** 

2.  General  Software  Note.  General 
License  GTDR,  without  written 
assurance,  is  available  to  all 
destinations,  except  Country  Groups  S 
and  Z,  Iran,  and  Syria,  for  release  of 
software  that  is  generally  available  to 
the  public  by  being: 
***** 

Dated:  September  4, 1992. 

fames  M.  LeMunyon, 

Acting  Assistant  Secretary  for  Export 
Administration. 

[FR  Doc.  92-22037  Filed  9-11-92;  8:45  am] 
BILLING  CODE  3510-DT-M 


DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Food  and  Drug  Administration 
21  CFR  Part  310 
[Docket  No.  76N-052E] 

RIN  0905-AA06 

Cold,  Cough,  Allergy,  Bronchodilator, 
and  Antiasthmatic  Drug  Products  for 
Over-the-Counter  Human  Use; 
Expectorant  Drug  Products  for  Over- 
the-Counter  Human  Use 

agency:  Food  and  Drug  Administration, 
HHS. 

action:  Final  rule. 

summary:  The  Food  and  Drug 
Administration  (FDA)  is  issuing  a  final 


rule  establishing  that  any  over-the- 
counter  (OTC)  drug  product  containing 
ipecac  and  certain  other  active 
ingredients  for  use  as  an  expectorant  is 
not  generally  recognized  as  safe  and 
effective  or  is  misbranded.  (An 
expectorant  is  a  drug  taken  orally  to 
promote  or  facilitate  the  removal  of 
secretions  from  the  respiratory  airways.) 
This  final  rule  evaluates  data  on  ipecac 
that  were  pending  review  when  an 
earlier  final  rule  on  OTC  expectorant 
drug  products  was  issued.  Also,  this 
final  rule  lists  in  a  regulation  all  OTC 
expectorant  ingredients  that  have  been 
found  to  be  not  generally  recognized  as 
safe  and  effective  or  are  misbranded. 
This  final  rule  is  part  of  the  ongoing 
review  of  OTC  drug  products  conducted 
by  FDA. 

EFFECTIVE  DATE:  September  14, 1993. 

FOR  FURTHER  INFORMATION  CONTACT: 

William  E.  Gilbertson,  Center  for  Drug 
Evaluation  and  Research  (HFD-810), 
Food  and  Drug  Administration,  5600 
Fishers  Lane,  Rockville,  MD  20857,  301- 
295-8000. 

SUPPLEMENTARY  INFORMATION: 

I.  Background 

In  the  Federal  Register  of  September 
9, 1976  (41  FR  38312),  FDA  published  an 
advance  notice  of  proposed  rulemaking 
to  establish  a  monograph  for  OTC  cold, 
cough,  allergy,  bronchodilator,  and 
antiasthmatic  drug  products  together 
with  the  recommendations  of  the 
Advisory  Review  Panel  on  OTC  Cold, 
Cough,  Allergy,  Bronchodilator,  and 
Antiasthmatic  Drug  Products,  which 
was  the  advisory  review  panel 
responsible  for  evaluating  the  data  on 
the  active  ingredients  in  these  drug 
classes.  One  segment  of  that  report  dealt 
with  expectorants.  The  agency’s 
tentative  final  monograph  on  OTC 
expectorant  drug  products  was 
published  in  the  Federal  Register  of  July 
9, 1982  (47  FR  30002).  Ipecac  was 
classified  as  Category  III  (available  data 
are  insufficient  to  classify  as  safe  and 
effective,  and  further  testing  is  required). 
Subsequently,  while  the  administrative 
record  was  open,  the  agency  approved  a 
proposed  protocol  for  studying  ipecac 
(Refs.  1,  2,  and  3).  On  January  6, 1987, 
after  the  administrative  record  had 
closed,  a  citizen  petition  was  filed  with 
the  agency  submitting  two  studies  on 
the  effectiveness  of  ipecac  as  an 
expectorant  (Ref.  4).  The  data  remained 
under  review  at  the  time  of  publication 
of  the  agency’s  final  rule  on  OTC 
expectorant  drug  products  in  the  Federal 
Register  of  February  28, 1989  (54  FR  8494 
at  8504).  The  agency’s  evaluation  of 
those  data  completes  the  rulemaking  on 
OTC  expectorant  drug  products. 


In  the  proposed  regulation  for  OTC 
expectorant  drug  products  (47  FR  30002 
at  3G003),  the  agency  advised  that  the 
conditions  under  which  the  drug 
products  subject  to  this  monograph 
would  be  generally  recognized  as  safe 
and  effective  and  not  misbranded 
(monograph  conditions)  would  be 
effective  12  months  after  the  date  of 
publication  in  the  Federal  Register.  On 
February  28, 1990,  the  final  monograph 
became  effective.  As  of  that  date,  no 
OTC  drug  product  that  is  subject  to  the 
monograph  and  that  contains  a 
nonmonograph  condition,  i.e.,  a 
condition  that  would  cause  the  drug  to 
be  not  generally  recognized  as  safe  and 
effective  or  to  be  misbranded,  could  be 
initially  introduced  or  initially  delivered 
for  introduction  into  interstate 
commerce  unless  it  was  the  subject  of 
an  approved  application.  Any  OTC 
expectorant  drug  product  that  is  subject 
to  the  monograph,  whether  formulated 
as  a  single  ingredient  or  a  combination 
drug  product,  had  to  meet  the 
requirements  of  this  final  rule  as  of 
February  28, 1990.  Further,  any  OTC 
drug  product  subject  to  this  monograph 
that  was  repackaged  or  relabeled  after 
the  effective  date  of  the  monograph  had 
to  be  in  compliance  with  the  monograph 
regardless  of  the  date  the  product  was 
initially  introduced  or  initially  delivered 
for  introduction  into  interstate 
commerce. 

In  its  final  conclusions  on  OTC 
expectorant  drug  products  (54  FR  8494  at 
8508),  the  agency  listed  a  number  of 
expectorant  ingredients  that  it 
considered  to  be  nonmonograph 
ingredients.  At  that  time,  none  of  these 
ingredients  was  listed  in  a  regulation. 
Since  then,  the  agency  has  established 
21  CFR  310.545  in  which  it  listed  certain 
active  ingredients  that  are  not  generally 
recognized  as  safe  and  effective  for 
certain  OTC  drug  uses.  The  agency  is 
adding  §  310.545(a)(6)(iii),  covering  the 
nonmonograph  expectorant  active 
ingredients  discussed  in  the  final  rule  of 
February  28, 1989.  The  agency  is  also 
including  ipecac  in  this  listing.  The  date 
of  nonmonograph  status  for  all  of  the 
ingredients  in  the  list  in  . 

§  310.545(a)(6)(iii),  except  ipecac,  was 
February  28, 1990.  The  date  of 
nonmonograph  status  of  ipecac  is 
September  14, 1993. 

References 
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II.  The  Agency’s  Final  Conclusions  on 
Ipecac  for  Expectorant  Use 

As  noted  above,  two  studies  [Refs.  1 
and  2)  were  submitted  purporting  to 
establish  the  effectiveness  of  ipecac  as 
an  expectorant  Study  1  was  a  double¬ 
blind,  placebo-controlled,  2-week  trial  of 
parallel  design.  Its  objectives  were  to 
evaluate  the  effectiveness  of  ipecac 
syrup  (I)  in  modifying  the  viscosity  and 
volume  of  the  tracheobronchial 
secretions  and  (2)  in  providing  relief  of 
difficult  expectoration  and  cough. 

This  study  involved  40  subjects,  20  in 
each  of  2  groups  of  hospitalized  patients 
of  either  sex  with  chronic  bronchitis  not 
associated  with  asthma,  but  including 
annoying  tracheobronchial  secretions, 
coughing,  and  difficult  expectoration. 

The  treatment  regimens  were:  (1)  15 
milliliters  (mL)  of  a  flavored  vehicle 
base  as  the  placebo  and  (2)  0.041  mL  of 
fluid  extract  of  ipecac  U.S.P.  XVI  in  the 
same  vehicle  (which  is  equivalent  to  O.82 
milligram  of  total  alkaloids).  Each 
treatment  was  given  3  times  a  day. 
Subjects  with  allergies  or  known 
hypersensitivity  to  ipecac  were 
excluded  as  well  as  any  subject 
requiring  continuous  mucolytic, 
anticholinergic,  antiasthmatic,  or  steroid 
therapy,  or  any  other  prescription  drug 
which  may  have  affected  the  study 
results.  The  following  effectiveness 
parameters  were  measured:  (1)  Result  of 
therapy,  (2)  sputum  volume,  (3)  sputum 
characteristics  (combination  of  viscosity 
and  sputum  appearance),  (4)  difficulty 
expectorating,  and  (5)  severity  of  cough. 

A  3-day  wash-out  period,  during 
which  all  mucolytics  and  liquefacients 
were  to  be  discontinued  and  baseline 
sputum  measurements  (both  the  volume 
and  physical  characteristics)  were  to  be 
recorded,  was  followed  by 
randomization  to  one  of  the  treatment 
arms.  At  8  a.m.  on  day  4,  the  sputum 
volume  designated  day  4  was  collected, 
and  the  drug  was  first  administered.  The 
drug  was  given  3  times  a  day  at  8  a.m., 

12  m.t  and  4  p.m.  thereafterfor  14  days. 

The  sputum  volume  was  collected 
from  8  a.m.  to  6  a.m.  the  next  morning, 
and  it  represented  the  total  daily 
volume.  In  the  petitioner’s  data  analysis, 
the  petitioner  states  that  to  determine 
the  day  on  medication,  4  should  be 
subtracted  from  the  study  day  number 
because  of  the  sputum  volume  collection 
that  occurred)  on.  day  4.  Thus,  the  sputum 


for  day  10  of  the  study  would  be  for  the 
sixth  day  on-  medication. 

Sputum  was  collected  separately  from 
6  a.m.  to 8  a.m.  the  same  day  and  was 
the  specimen  utilized  for  the  rheologic 
measurements,  using  the  following 
numerical  scores  for  the  behavior  of  the 
specimen  when  applied  to  an  inclined 
glass  slide:  4  =  pus-like  with  no 
movement,.  3  =  stringy  and  clumps  with 
slow  movement,  2  =  stringy  with  slow 
flow,  and  1  =  dear  with  free  flow. 

The  difficulty  of  expectoration  and  the 
severity  of  cough  were  subjectively 
assessed  at  8  a.m.  each  day  and 
employed  the  following  4-point  scale:  0 
=  no  difficulty,  1  =  slight  effort  2  = 
moderate  effort,  and  3  =  requiring  great 
effort 

The  recorded  objective  values  for 
sputum  volume  indicated  that  there  was 
an  increase  in  volume  for  the  subjects 
on  active  drug  during  the  first  week 
which  achieved  statistical  significance 
on  day  7  (day  3.  of  treatment)  of  the  trial. 
The  petitioner  claims  that  the  volume 
increased  on  the  first  few  days,  reaching 
a  plateau  around  the  third  and  fourth 
days  and  declining  thereafter.  The  total 
volume  expectorated  was  the  same  for 
both  groups  over  the  entire  treatment 
period.  The  petitioner  claims  that  the 
ipecac  treatment  produced  a  greater 
fraction  of  the  total  volume  earlier  in  the 
study  than  did  the  placebo. 

Although  sputum  volume  differences 
between  ipecac  and  placebo  were  seen, 
no  statistically  significant  differences 
for  sputum  characteristics  (i.e., 
viscosity)  or  difficulty  of  expectoration 
were  noted.  The  petitioner  used  a 
subjective  evaluation  called  “result  of 
therapy"  at  the  end  of  the  study  and 
concluded  that  the  ipecac  response  was 
better  than  the  placebo  response. 
However,  the  agency  considers  this 
method  of  evaluation  to  be  unacceptable 
in  this  study  because  no  details  about 
the  method  were  stated  except  that  it 
was  performed  once. 

The  investigators  calculated  the 
volume  data  by  “normalizing,”  i.e.,  the 
volumes  are  expressed  as  percentages 
of  the  baseline  mean  volume  for  each 
subject  for  each  day.  When  analyzed  by 
three  different  statistical  methods,  the 
petitioner  claimed  these  data  show  that 
the  values  for  days  7,  ft,  and  9  (3,  4,  and 
5  of  treatment)  are  significantly  greater 
for  ipecac  than  for  the  placebo. 

Of  the  other  three  variables  measured, 
i.e.,  sputum  characteristics  (measured 
objectively),  ease  of  expectoration,  and 
severity  of  the  cough,  no  differences 
were  noted  either  overall  or  on  any 
given  day. 

The  investigators  concluded  that  the 
results  indicate  that  the  sputum  volume 
from  the  subjects  on  ipecac  is  increased 


on  days  3,  4,  and  5  and  that  it  reachedi 
statistical  significance  on  day  3.  They 
state  that  the  response  to  treatment  was 
better  for  the  ipecac  subjects  than  the 
placebo  subjects.  However,  hiB 
statement  was  not  documented  other 
than  by  the  clinician’s  subjective 
evaluation  at  the  end  of  the  study.  The 
objective  measurement  of  sputum 
volume  (expressed  as  cumulative 
percent)  correlated  significantly  with  the 
subjective  measurement  response  to 
treatment. 

The  agency  has  determined  that  a 
number  of  important  details  (as 
discussed  below)  were  not  provided  in 
the  data  submitted.  As  a  result  of  these 
deficiencies,  this  study  as  submitted 
cannot  be  considered  as  adequate  and 
well  controlled.  Additionally,  the  case 
report  forms  that  were  submitted  were 
handwritten  and  in  Italian.  Translation 
was  provided  for  the  more  common 
terms  but  not  for  other  terms. 

No  daily  record  of  the  use  of 
concomitant  medication  was  provided 
on  the  case  report  forms.  On  the  initial 
case  report  form  (containing  a  space  for 
this  entry),  it  appears  that 
approximately  one-third  of  the  subjects 
were  given  antibiotics  at  some  time 
during  the  study.  These  drugs  were 
administered  when  superimposed 
infection  complicated  the  picture  of 
chronic  bronchitis.  However,  their  use 
would  influence  the  volume  and 
qualitative  characteristics  of  the  sputum 
along  with  other  evaluation 
assessments. 

Other  concomitant  medications 
(antiasthmatic  and  diuretic)  appear  to 
have  been  given  also.  However,  the 
amounts  and  frequency  of  such  usage 
were  either  not  recorded  on  a  daily 
basis,  or  if  that  were  done,  the 
information  was  not  provided. 

The  investigators  claim  that  the  study 
results  indicate  that  only  one  of  four 
efficacy  assessments  was  found  to  have 
a  difference  between  the  two 
treatments.  This  difference  was 
reflected  in  the  volume  of  sputum  and 
only  on  day  7  (day  3  of  treatment)  did 
the  difference  reach  statistical 
significance.  The  total  sputum  volume 
for  the  whole  period  did  not  differ 
between  the  two  groups.  Moreover,  the 
increase  in  volume  reported  did  not 
correlate  with  any  other  improvement, 
i.e.,  no  reduction  in  viscosity,  no  easier 
expectoration.,  and  no  alteration  in 
severity  of  cough.  The  investigators  used 
raw  data,  i.e.,  the  volume  for  each 
subject  for  each  (toy  expressed  as  a 
mean  to  support  the  difference  on  day  7. 
Using  the  same  data,  nc  other  day 
showed  any  difference  in  volume.  The 
normalized  and  cumulative  volumes  of 
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sputum  were  also  used  to  compare  the 
results;  normalized  meaning  that  the 
volume  for  each  subject  for  each  day 
has  been  calculated  as  a  percentage  of 
the  mean  sputum  volume  for  that  subject 
during  the  baseline  period.  Cumulative 
values  were  obtained  by  summing  the 
sputum  volumes  for  each  subject  for  all 
medication  days  (days  5  through  18), 
dividing  this  into  the  sputum  volume  for 
that  subject  for  each  day,  multiplying  by 
100,  and  cumulating  the  volumes 
beginning  on  day  5. 

Upon  examination  of  the  24-hour 
sputum  volume  for  both  groups,  it  can  be 
seen  that  there  are  subgroups  within 
each  group.  Subjects  2, 4,  5,  6,  and  35 
have  a  smaller  daily  volume  both  at 
baseline  and  elsewhere  than  do  the 
others  in  that  group;  the  same  is  true  for 
subjects  1,  8, 16,  and  32  in  the  placebo 
group. 

The  actual  increase  in  sputum  volume 
produced  by  ipecac  is  obscured  because 
subjects  who  were  given  the  ipecac 
produced  less  sputum  during  die 
baseline  period  and  also  during  the 
period  beyond  1  week  of  ipecac 
administration  than  subjects  given  the 
placebo.  Therefore,  sputum  volume 
results  for  ipecac  and  placebo  samples 
were  “normalized.” 

The  purpose  of  the  baseline  period  is 
to  establish  measurements  (values) 
uninfluenced  by  extraneous  factors  and 
to  establish  comparability  of  the 
treatment  groups.  Normalizing  is 
acceptable  if  the  intervention  introduced 
into  the  trial  must  differ  for  some 
reason,  i.e.,  one  group  receives  a  larger 
dose  of  a  drug  than  the  other. 

“Normalization”  of  sputum  volume  in 
this  study  is  inappropriate  for  the 
following  reasons:  (1)  The  results  have 
been  normalized  only  when  it  could 
benefit  ipecac,  (2)  “normalization”  is  not 
a  standard  statistical  technique.  The 
study  reports  do  not  describe  how 
normalization  was  accomplished;  thus, 
its  validity  cannot  be  evaluated,  and  (3) 
most  important  of  all,  normalization  was 
not  considered  or  planned  for  in  the 
protocol.  Because  normalization  was  not 
planned  before  the  study  results  were 
available,  and  because  normalization 
was  used  selectively  when  it  would  give 
a  predictably  more  favorable  result  for 
ipecac,  the  agency  considers  use  of 
normalization  in  this  study  to  be  invalid. 
Further,  the  agency  also  notes  that  in 
Study  2,  where  normalization  would 
tend  to  discredit  the  ipecac  results,  the 
sputum  volume  was  not  normalized. 

Although  sputum  volume  differences 
between  ipecac  and  placebo  were  seen, 
no  statistically  significant  differences 
for  sputum  characteristics  (i.e., 
viscosity)  or  difficulty  of  expectoration 
were  noted.  A  subjective  evaluation 


called  “result  of  therapy,"  made  a  single 
time  at  the  end  of  the  study,  is  used  as  a 
basis  for  concluding  that  the  ipecac 
response  was  better  than  the  placebo 
response.  The  agency  considers  this 
method  of  evaluation  unacceptable  in 
this  study. 

No  details  were  provided  about  this 
“result  of  therapy”  method  of  evaluation 
other  than  the  fact  that  it  was  performed 
once  at  the  end  of  therapy.  When  a 
global  evaluation  is  made  at  the  end  of  a 
therapeutic  period,  the  physician 
considers  a  number  of  factors  that 
measure  treatment  effect.  The  global 
evaluation  is  usually  made  in 
conjunction  with  periodic  evaluations 
(overall  assessments)  also  conducted  by 
the  physician  during  the  course  of 
treatment.  Such  terminology  is  usually 
applied  to  multiple  variables  and  is 
employed  in  long-term  trials,  as  it  is 
helpful  in  establishing  a  timeframe  at 
which  certain  parameters  respond  in 
comparison  with  overall  general 
improvement.  For  example,  in  chronic 
arthritis,  reduction  in  joint  size  and  pain 
may  be  achieved  weeks  before 
noticeable  improvement  in  range  of 
motion  of  a  given  joint  may  occur. 

The  agency  concludes  that  these  two 
studies  do  not  provide  sufficient 
statistical  evidence  to  support  the 
effectiveness  of  ipecac.  Using  its  own 
standard  of  evaluation,  the  petitioner 
was  unable  to  show  statistically  lower 
viscosity  of  sputum  for  subjects 
receiving  ipecac  compared  to  those 
receiving  the  placebo.  For  volume  of 
sputum,  only  1  of  14  days  (day  7) 
provided  a  1-tail  p«-value  showing 
greater  sputum  production  using  ipecac. 
Ignoring  the  fact  that  1-tail  p-values  are 
not  appropriate  and  that  the  appropriate 
2-tail  p-value  exceeded  0.05,  only  1  of  14 
statistical  tests  led  to  a  statistically 
significant  result. 

Further,  for  the  variables  “difficulty 
expectorating”  and  “severity  of  cough,” 
the  investigators  reported  that  no 
statistically  significant  differences  were 
found  (pp.  17  and  19  of  study  report) 
between  ipecac  and  placebo.  For  the 
variable  called  "patient  result  of 
therapy,"  a  statistically  significant  result 
was  claimed.  The  agency  has 
reanalyzed  the  raw  data  from  the 
subject  record  forms  and  is  unable  to 
confirm  the  investigators’  claimed 
statistical  result  favoring  ipecac  over 
placebo. 

The  agency  finds  no  statistical 
evidence  for  Study  1  showing  that 
ipecac  is  superior  to  placebo  in  terms  of 
the  secondary  efficacy  variables  of 
“difficulty  expectorating,”  “severity  of 
cough,"  and  “patient  result  of  therapy.” 

The  agency  points  out  that  in  a  similar 
study  using  guaifenesin  as  the 


expectorant  drug  (performed  by  the 
same  investigators  at  the  same  hospital), 
the  results  showed  an  increase  in 
sputum  volume  that  correlated  with  a 
decrease  in  viscosity  and  in  cough  (not 
objectively  measured)  along  with 
improvement  in  the  ability  to  bring  up 
sputum  easier.  The  results  with  ipecac 
in  this  study  do  not  show  this 
correlation. 

In  conclusion,  the  agency  considers 
Study  1  to  be  flawed  and  not  an 
adequate  and  well-controlled  study. 
Further,  the  results  do  not  establish  the 
effectiveness  of  ipecac  as  an 
expectorant. 

Study  2  was  similar  to  Study  1  with 
the  following  differences:  (1)  There  were 
only  10  subjects  in  each  treatment 
group.  (2)  Objective  evaluation  of  the 
sputum  was  not  done  daily,  but  only  on 
days  1,  3,  6,  9,  and  15  (2  days  baseline 
pretreatment  and  3  days  on  therapy). 

The  methodology  in  this  study  differed 
in  that  a  thromboelastograph  was 
employed  to  evaluate  sputum 
characteristics.  This  is  an  instrument 
which  reportedly  measures  the 
viscosity /elasticity/cohesiveness  of  the 
sputum  sample.  (3)  The  effectiveness 
parameters  are  not  the  same  as  those  in 
Study  1.  In  this  study,  the  parameters 
were  "sputum  volume,”  “physician’s 
evaluation,"  “subject’s  evaluation,”  and 
“viscosity/adhesiveness/elasticity” 
using  an  “oscillating  cup  rheometer.” 

The  results  of  this  study  were 
reported  to  show  that  sputum  volume 
reached  a  level  40  percent  above  the 
baseline  values  for  the  ipecac  subjects 
on  days  7,  8,  and  9  (days  3  to  5  of 
treatment).  The  mean  viscosity  was  said 
to  be  less  for  the  ipecac  group  on  days  6, 
9,  and  15  when  compared  to  baseline 
values.  It  is  also  reported  as  less  than 
the  mean  viscosity  of  the  placebo  group 
on  the  same  days.  The  mean  cumulative 
percent  of  the  total  sputum  volume  is 
significantly  greater  for  the  ipecac  group 
than  for  the  placebo  group  beginning  on 
day  7  and  continuing  through  day  12. 
Increases  in  the  sputum  volume  and 
decreases  in  the  viscosity  were  said  to 
correlate  significantly  with  the  subjects’ 
and  the  physician’s  assessment  of  the 
clinical  improvement. 

The  agency  notes  that  the  case  report 
forms  from  this  study  are  also  in  Italian 
but,  in  contrast  to  those  in  Study  1,  the 
entries  were  typed,  not  handwritten. 
They  contain  more  information  than  the 
case  report  forms  from  Study  1. 

The  agency  finds  the  following 
problems  with  this  study:  (1)  Although 
the  subjects  were  also  chronic 
bronchitics,  they  were  chosen  only  if 
they  were  thought  not  to  require 
antibiotics.  (2)  The  case  report  forms  do 
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not  mention,  infection,  but  5  subjects  (25 
percent):  received  1  or  more  antibiotics 
(3  subjects  in  the  placebo  group- 
number  6,  9,  and  19,  and  2  subjects  in 
the  ipecac  group — numbers  8  and  13), 
which  may  have  influenced  sputum 
changes,  volume;  and/or  viscosity.  (3) 

The  number  of  subjects  treated  (only  10) 
is  too  smalL  Ten  is.  an  inadequate 
number  of  subjects,  particularly  in  a 
parallel  trial.  (.4)  The  interpretation  of 
the  viscosity  data  was  made  using  a 
method  for  which  no  details  were 
provided.  The  "viscosity"  of  sputum  was 
measured  with  a  modified 
thromboelastograph.  The  details  of  the 
methodology  were  not  provided,  nor 
was  the  agency  able  to  find  any 
published  material  relating  to  that 
device.  While  the  figures  for  the  treated 
subjects  appear  to  differ  from  those  of 
the  placebo  group,  they  contain  no 
explanations  and  no  legends.  Therefore, 
the  agency  has  no  basis  to  determine  if 
the  results  using  the  modification  are 
adequate  or  acceptable.  (5)  Adequate 
statistical  evidence  of  effectiveness 
might  have  been  provided  from  sputum 
volume  and  viscosity  results  had  there 
been  no  missing  data.  Missing  data  were 
filled  in  by  inserting  the  average  value 
of  the  day  immediately  preceding  or 
immediately  following  the  missing  data 
entry.  This  is- not  acceptable  procedure. 

In  conclusion,  Study  2  contains 
insufficient  data  and  an  inadequate 
number  of  subjects.  The  agency 
concludes  that  the  submitted  data  are 
inadequate  to  include  ipecac  as  an 
active  ingredient  in  the  final  monograph, 
for  OTC  expectorant  drug  products. 

The  agency’s  detailed  comments  on 
the  data  are  on  file  in  the  Dockets 
Management  Branch  (address  above) 
(Refs.  3  and  4). 
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Therefore,  the  agency  is  amending  21  CFR 
310.545  by  adding  new  paragraphs  (a)(6)(iii), 
(d)(4),  and  (d)(5)  and  by  revising  paragraph 
(d)(1)  to  establish  that  ipecac  and  certain 
other  active  ingredients  are  not  generally 
recognized  as‘ safe  and  effective  or  are 
misbranded  for  OTC  use  in  expectorant  drug 
products. 

The  agency  has  determined  that  ipecac:as 
an  OTC  expectorant  drug  active  ingredient  is 
not  generally  recognized  as*  safe,  and 
effective.  Therefore,  ipecac  ae  an  expectorant 


ingredient  for  OTC  use  iat  considered  a 
nonmonograph  ingredient,  and  misbranded 
under  section  502'  of  the  Federal  Food, Drug, 
and  Cosmetic  Act  (the  act)  (21  U.S.C.  352) 
andis  a  new  drug  within  the  meaning  of 
section  201(p)  of  the  act'  (21  U.S.C  321(p))  for 
which  an  approved  application,  under  section 
505  of  the  act  (21  U.S.C.  355)  and  part  314  of 
the  regulations  (21  CFR  part  314): is  required 
for  marketing.  In  appropriate  circumstances, 
a  citizen  petition  to  amend  the  monograph  (21 
CFR  part  341)  may  be  submitted  in  support  of 
ipecac's  use  as  an  expectorant  under  21  CFR 
10.30  in  lieu  of  an  application.  Any  drug 
product  containing  ipecac  as  an  expectorant 
active  ingredient  for  OTC  use  initially 
introduced  or  initially  delivered  tor 
introduction  into  interstate  commerce  or 
repackaged  or  relabeled  after  the  effective 
date  of  this  final  rule  is  not  in  compliance 
with  the  regulation  and  is  subject,  to 
regulatory  action. 

The  agency  has  examined  the 
economic  consequences  of  this  final  rule 
in  conjunction  with  other  rules  resulting 
from’  the  OTC  drug  review.  In  a  notice 
published  in  the  Federal  Register  of 
February  8, 1983  (48  FR  5806),  the  agency 
announced  the  availability  of  an 
assessment  of  these  economic  impacts. 
The  assessment  determined  that  the 
combined  impacts  of  all  the  rules 
resulting  from  the  OTC  drug  review  do 
not  constitute  a  major  rule  according  to 
the  criteria  established  by  Executive 
Order  T2291.  The  agency  therefore 
concludes  that  no  one  of  these  rules, 
including  this  final  rule  for  OTC 
expectorant  drug  products,  is  a  major 
rule. 

The  economic  assessment  also 
concluded  that  the  overall  OTC  drug 
review  was  not  likely  to  have  a 
significant  economic  impact  on  a 
substantial  number  of  small  entities  as 
defined  in  the  Regulatory  Flexibility  Act 
(Pub.  L.  99-354).  That  assessment 
included  a  discretionary  regulatory 
flexibility  analysis  in  the  event  that  an 
individual  rule  might  impose  an  unusual 
or  disproportionate  impact  on  small 
entities.  However,  this  particular 
rulemaking  for  OTC  expectorant  drug 
products  is  not  expected  to  pose  such  an 
impact  on  small  businesses.  This  final 
rule  only  affects  the  status  of  ipecac  as 
an  OTC  expectorant  There  are  only  a 
limited  number  of  OTC  expectorant  drug 
products  that  contain  this  ingredient.  All 
of  these  products  can  be  reformulated  to 
contain  guaifenesin,  a  monograph 
expectorant  ingredient  For  all  other 
active  ingredients  listed  in  this  final 
rule,  the  effective  date  (February  28, 
1990)  has  already  occurred.  Therefore, 
the  agency  certifies  that  this  final  rule 
will  not  have  a  significant  economic 
impact  on  a  substantial  number  of  small 
entities. 

The  agency  haa  determined  under  21 
CFR  25.24(c)(6)  that  this  action  is  of  a 


type  that  does  not  individually  or 
cumulatively  have  a  significant  effect  on 
the  human  environment.  Therefore, 
neither  an  environmental  assessment 
nor  an  environmental  impact  statement 
is  required. 

List  of  Subjects  in  21  CFR  Part  310 

Administrative  practice  and 
procedure,  Drugs,  Labeling,  Medical 
devices.  Reporting  and  recordkeeping 
requirements. 

Therefore,  under  the  Federal  Food, 
Drug,  and  Cosmetic  Act  and  under 
authority  delegated  to  the  Commissioner 
of  Food  and  Drugs,  21  CFR  part  310  is 
amended  as  follows: 

PART  310— NEW  DRUGS 

1.  The  authority  citation  for  21  CFR 
part  310  continues  to  read  as  follows: 

Authority:  Secs.  201.  301,  501,  502,  503.  505, 
506.  507,  512-516,  520,  801(a),  701,  704,  705,  706 
of  the  FederalFood,  Drug,  and  Cosmetic  Act 
(21  U.S.C.  321,  331.  351,  352,  353,  355,  358,  357, 
360b-360f,  360 j,  361(a),  371,  374,  375,  376): 

Bees.  215,  301,  302(a),  351,  354-360F  of  the 
Public  Health  Service  Act  (42.U.S.C.  216,  241, 
242(a),  262,  263b-263n); 

2.  Section  310.545  is  amended  by 
adding  new  paragraph  (a)(6)(iii),  by 
revising  paragraphs  (d)  introductory  text 
and  (d)(1),  and  by  adding  new 
paragraphs  (d)(4)  and  (d)(5),  to  read  as 
follows: 

§310.545  Drug  products  containing 
certain  active  ingredients  offered  over-the- 
counter  (OTC).  f  Or  certain  uses. 

(а)  *  *  * 

(б)  *  #  * 

(iii)  Expectorant  drug  products. 
Ammonium  chloride 
Antimony  potassium  tartrate 
Beechwood  creosote 
Benzoin  preparations  (compound 
tincture  of  benzoin,  tincture  of  benzoin) 
Camphor 
Chloroform 

Eucalyptol/ eucalyptus  oil 
Horehound 

Iodides  (calcium  iodide  anhydrous, 
hydriodic  acid  syrup,  iodized  lime, 
potassium  iodide). 

Ipecac 

Ipecac  fluidextract 

Ipecac  syrup 

Menthol /peppermint  oil 

Pine  tar  preparations  (extract  white  pine 

compound,  pine  tar,  syrup  of  pine  tar,, 

compound  white  pine  syrup,  white  pine) 

Potassium  guaiacolsulfonate 

Sodium  citrate 

Squill  preparations  (squill,  squill, 
extract) 

Terpin  hydrate  preparations  (tterpin 
hydrate,  terpin  hydrate  elixir) 

Tolu  preparations*  (tolu.  tolu  balsam 
tolu  balsam  tincture) 
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Turpentine  oil  (spirits  of  turpentine) 
***** 

(d)  Any  OTC  drug  product  that  is  not 
in  compliance  with  this  section  is 
subject  to  regulatory  action  if  initially 
introduced  or  initially  delivered  for 
introduction  into  interstate  commerce 
after  the  dates  specified  in  paragraphs 
(d)(1)  through  (d)(5)  of  this  section. 

(1)  May  7, 1991,  for  products  subject  to 
paragraphs  (a)(1)  through  (a)(6)(h),  and 
(a)(7)  through  (a)(19)  of  this  section;  and 
***** 

(4)  February  28, 1990,  for  products 
subject  to  paragraph  (a)(6)(iii)  of  this 
section,  except  those  that  contain 
ipecac. 

(5)  September  14, 1993,  for  products 
subject  to  paragraph  (a)(6)(iii)  of  this 
section  that  contain  ipecac. 

Dated:  June  10, 1992. 

Michael  R.  Taylor, 

Deputy  Commissioner  for  Policy. 

(FR  Doc.  92-22005  Filed  9-11-92;  8:45  am) 
BILLING  CODE  4160-01-F 

21  CFR  Part  522 

Implantation  or  Injectable  Dosage 
Form  New  Animal  Drugs;  Estradiol; 
Technical  Amendment 

agency:  Food  and  Drug  Administration, 
HHS. 

ACTION:  Final  rule. 

summary:  The  Food  and  Drug 
Administration  (FDA)  is  amending  the 
animal  drug  regulations  to  reflect  a 
technical  amendment  to  the 
specifications  and  labeling  of  a  new 
animal  drag.  The  new  animal  drag 
application  (NADA)  for  this  new  animal 
drag  is  sponsored  by  Elanco  Animal 
Health,  A  Division  of  Eli  Lilly  &  Co.  The 
NADA  provides  for  the  veterinary  use  of 
estradiol  (Compudose®  200  and  400) 
implants  for  steers  and  heifers. 
EFFECTIVE  DATE:  September  14,  1992. 

FOR  FURTHER  INFORMATION  CONTACT. 
Russell  G.  Arnold,  Center  for  Veterinary 
Medicine  (HFV-14Z),  Food  and  Drug 
Administration,  7500  Standish  PI., 
Rockville,  MD  20855,  301-295-8674. 
SUPPLEMENTARY  INFORMATION:  Elanco 
Animal  Health,  A  Division  of  Eli  Lilly  & 
Co.,  Lilly  Corporate  Center, 

Indianapolis,  IN  46285,  is  the  sponsor  of 
NADA  118-123,  which  provides  for  the 
use  of  an  estradiol  subcutaneous  ear 
implant  in  steers  and  heifers.  The 
NADA  was  approved  on  March  12, 1982 
(47  FR  10805).  A  recalculation  of  the 
batch  formulas  used  in  manufacturing 
the  implant  revealed  that  the  amount  of 
estradiol  in  the  product  was  incorrectly 
stated  in  the  application.  The  estradiol 


content  is  25.7  or  43.9  milligrams  (mg)  of 
estradiol,  not  the  currently  declared  24 
or  45  mg.  The  amendment  is  approved 
as  of  May  4, 1992.  The  regulations  are 
amended  by  revising  21  CFR  522.840(a), 
(c)(1),  and  (c)(3),  accordingly,  effective 
September  14, 1992. 

This  amendment  represents  a 
technical  correction  to  the  regulations 
and  more  accurately  reflects  the  product 
specifications.  Accordingly,  a  freedom 
of  information  summary  as  provided  by 
21  CFR  514.11(e)(2)  is  not  required. 

List  of  Subjects  in  21  CFR  Part  522 
Animal  drugs. 

Therefore,  under  the  Federal  Food, 
Drug,  and  Cosmetic  Act  and  under 
authority  delegated  to  the  Commissioner 
of  Food  and  Drugs  and  redelegated  to 
the  Center  for  Veterinary  Medicine,  21 
CFR  part  522  is  amended  as  follows: 

PART  522— IMPLANTATION  OR 
INJECTABLE  DOSAGE  FORM  NEW 
ANIMAL  DRUGS 

1.  The  authority  citation  for  21  CFR 
part  522  continues  to  read  as  follows: 

Authority:  Sec.  512  of  the  Federal  Food, 
Drug,  and  Cosmetic  Act  (21  U.S.C  360b). 

§522.840  [Amended] 

2.  Section  522.840  Estradiol  is 
amended  in  paragraphs  (a),  (c)(1),  and 
(c)(3)  by  removing  the  numbers  “24"  and 
“45"  and  adding  in  their  place  “25.7” 
and  “43.9",  respectively. 

Dated:  September  3, 1992. 

Gerald  B.  Guest, 

Director,  Center  for  Veterinary  Medicine. 

[FR  Doc.  92-22077  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4160-01-F 

21  CFR  Parts  522  and  556 

Animal  Drugs,  Feeds,  and  Related 
Products;  Cefttofur 

AGENCY:  Food  and  Drag  Administration, 
HHS. 

ACTION:  Final  rule. 

SUMMARY:  The  Food  and  Drug 
Administration  (FDA)  is  amending  the 
animal  drug  regulations  to  reflect 
approval  of  two  supplemental  new 
animal  drag  applications  (NADA's)  filed 
by  The  Upjohn  Co.  The  supplements 
provide  for  the  use  of  ceftiofur  sterile 
powder  for  injection  in  swine  for 
treatment  and  control  of  certain  forms  of 
swine  bacterial  respiratory  disease  and 
in  day-old  chicks  for  control  of 
colibacillosis  associated  with  E.  coli 
sensitive  to  ceftiofur.  The  regulations 
are  also  amended  to  state  that  a 
tolerance  for  residues  of  ceftiofur  in 


edible  swine  and  chicken  tissue  derived 
from  treated  animals  is  not  required. 
EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT 

George  K.  Haibel,  Center  for  Veterinary 
Medicine  (HFV-133),  Food  and  Drag 
Administration,  7500  Standish  Pi., 
Rockville,  MD  20855,  301-295-8644. 
SUPPLEMENTARY  INFORMATION:  The 
Upjohn  Co.,  Kalamazoo,  MI  49001,  is  the 
sponsor  of  NADA  140-338  which 
provides  for  the  use  of  Naxcel®  Sterile 
Powder  (ceftiofur  sodium)  as  a  50 
milligrams  (mg)  per  milliliter 
reconstituted  injectable.  The  original 
approval  provided  for  intramuscular 
(IM)  use  to  treat  cattle  (see  21  CFR 
522.313).  One  supplement  provides  for 
IM  use  in  swine  at  3  to  5  mg  per 
kilogram  (1.36  to  2.27  mg  per  pound)  of 
body  weight  for  the  treatment  and 
control  of  bacterial  respiratory  disease. 

A  second  supplement  provides  for 
subcutaneous  use  in  the  neck  of  day-old 
chicks  at  0.08  to  0.20  mg  per  chick  for 
control  of  colibacillosis  associated  with 
E.  coli  sensitive  to  ceftiofur.  The 
supplemental  NADA’s  are  approved  as 
of  August  4, 1992,  and  21  CFR  522.313  is 
amended  by  adding  new  paragraphs 
(d)(2)  and  (d)(3)  to  reflect  the  approvals. 
The  basis  for  approval  is  discussed  in 
the  freedom  of  information  summary. 

In  addition,  §  556.113  is  amended  to 
state  that  a  tolerance  for  residues  of 
ceftiofur  in  edible  swine  and  chicken 
tissues  derived  from  treated  animals  is 
not  required.  ^ 

In  accordance  with  the  freedom  of 
information  provisions  of  part  20  (21 
CFR  part  20)  and  §  514.11(e)(2)(ii)  (21 
CFR  514.11(e)(2)(ii)),  a  summary  of 
safety  and  effectiveness  data  and 
information  submitted  to  support 
approval  of  these  supplements  may  be 
seen  in  the  Dockets  Management  Branch 
(HFA-305),  Food  and  Drag 
Administration,  rm.  1-23, 12420 
Parklawn  Dr.,  Rockville,  MD  20857, 
between  9  a.m.  and  4  p.m.,  Monday 
through  Friday. 

Under  section  512(c)(2)(F)(iii)  of  the 
Federal  Food,  Drug,  and  Cosmetic  Act 
(21  U.S.C.  360b(c)(2)(F)(iii)),  these 
approvals  qualify  for  3  years  of 
marketing  exclusivity  beginning  August 
4, 1992,  because  they  contain  reports  of 
new  clinical  or  Held  investigations  and 
human  food  safety  studies,  other  than 
bioequivalence  or  residue  studies, 
essential  to  the  approval  and  conducted 
or  sponsored  by  the  applicant. 

The  agency  has  carefully  considered 
the  potential  environmental  effects  of 
this  action.  FDA  has  concluded  that  this 
action  will  not  have  a  significant  impact 
on  the  human  environment,  and  that  an 
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environmental  impact  statement  is  not 
required.  The  agency’s  finding  of  no 
significant  impact  and  the  evidence 
supporting  that  finding,  contained  in  an 
environmental  assessment,  may  be  seen 
in  the  Dockets  Management  Branch 
(address  above)  between  9  a.m.  and  4 
p.m.,  Monday  through  Friday. 

List  of  Subjects 

21  CFR  Part  522 

Animal  drugs. 

21  CFR  Part  556 

Animal  drugs.  Foods. 

Therefore,  under  the  Federal  Food, 
Drug,  and  Cosmetic  Act  and  under 
authority  delegated  to  the  Commissioner 
of  Food  and  Drugs  and  redelegated  to 
the  Center  for  Veterinary  Medicine,  21 
CFR  parts  522  and  556  are  amended  as 
follows: 

PART  522— IMPLANTATION  OR 
INJECTABLE  DOSAGE  FORM  NEW 
ANIMAL  DRUGS 

1.  The  authority  citation  for  21  CFR 
part  522  continues  to  read  as  follows: 

Authority:  Sec.  512  of  the  Federal  Food, 

Drug,  and  Cosmetic  Act  (21  U.S.C.  360b). 

2.  Section  522.313  is  amended  by 
adding  new  paragraphs  (d)(2)  and  (d)(3) 
to  read  as  follows: 

§  522.313  Ceftiofur  sterile  powder  for 
injection. 

***** 

(d)  *  *  * 

(2)  Swine — (i)  Amount.  3  to  5 
milligrams  per  kilogram  (1.36  to  2.27 
milligrams  per  pound)  of  body  weight. 

(ii)  Indications  for  use.  For  treatment 
and  control  of  swine  bacterial 
respiratory  disease  (swine  bacterial 
pneumonia)  associated  with 
Actinobacillus  (Haemophilus) 
pleuropneumoniae,  Pasteurella 
multocida,  Salmonella  choleraesuis,  and 
Streptococcus  suis  Type  2. 

(iii)  Limitations.  For  intramuscular  use 
only.  Treatment  should  be  repeated  at 
24  hour  intervals  for  a  total  of  3 
consecutive  days.  Do  not  use  in  animals 
previously  found  to  be  hypersensitive  to 
the  drug.  Use  of  dosages  in  excess  of 
those  indicated  or  route  of 
administration  other  than  that 
recommended  may  result  in  illegal 
residues  in  tissues.  Safety  of  ceftiofur 
has  not  been  determined  in  breeding 
swine.  Federal  law  restricts  this  drug  to 
use  by  or  on  the  order  of  a  licensed 
veterinarian. 

(3)  Day-old  chickens — (i)  Amount.  0.08 
to  0.20  milligram  per  chick. 

(ii)  Indications  for  use.  For  control  of 
coliba  ;illosis  associated  with  E.  coli 
sensiFve  to  ceftiofur. 


(iii)  Limitations.  For  subcutaneous  use 
in  the  neck  of  day-old  chicks  only.  As  a 
single  dose  only.  Federal  law  restricts 
this  drug  to  use  by  or  on  the  order  of  a 
licensed  veterinarian. 

PART  556— TOLERANCES  FOR 
RESIDUES  OF  NEW  ANIMAL  DRUGS  IN 
FOOD 

3.  The  authority  citation  for  21  CFR 
part  556  continues  to  read  as  follows: 

Authority:  Secs.  402,  512,  701  of  the  Federal 
Food,  Drug,  and  Cosmetic  Act  (21  U.S.C.  342, 
360b,  371). 

4.  Section  556.113  is  revised  to  read  as 
follows: 

§556.113  Ceftiofur. 

Cattle,  swine,  and  poultry:  A 
tolerance  for  residues  of  ceftiofur  in 
edible  tissue  is  not  required. 

Dated:  September  4, 1992. 

Richard  H.  Teske, 

Deputy  Director,  Center  for  Veterinary 
Medicine. 

[FR  Doc.  92-22076  Filed  9-11-92;  8:45  am] 
BU-UNO  CODE  4160-01-F 

DEPARTMENT  OF  THE  INTERIOR 

Minerals  Management  Service 

30  CFR  Parts  206, 207, 208, 210, 216, 
218,  219,  220,  and  228 

RIN  1010-AB69 

Disclosure  of  Estimated  Public 
Reporting  Burden  for  the  Collection  of 
Information 

AGENCY:  Minerals  Management  Service, 
Interior. 

ACTION:  Final  rule. 

SUMMARY:  The  Royalty  Management 
Program  (RMP)  of  the  Minerals 
Management  Service  (MMS)  is 
amending  its  regulations  to  codify 
statements  on  the  estimated  public 
reporting  burden  associated  with  the 
collection  of  information.  These 
statements  are  codified  in  accordance 
with  the  requirements  of  the  Office  of 
Management  and  Budget  (OMB)  in  its 
regulations  at  §  1320.21  of  title  5  of  the 
Code  of  Federal  Regulations  (5  CFR 
1320.21),  “Agency  disclosure  of 
estimated  burden.” 

The  MMS  is  also  amending  its 
regulations  to  consolidate  the  required 
statements  relative  to  OMB  approved 
reporting  forms  under  30  CFR  210.10, 
"Forms  and  Reports.”  In  addition,  MMS 
is  amending  its  regulations  to  reflect  the 
current  MMS  mailing  addresses  to  be 
used  for  mailing  or  delivering  requests, 
forms,  and/or  payments  to  MMS  and  to 


clarify  the  time  that  a  payment  is 
considered  received. 

EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Mr.  Dennis  C.  Whitcomb,  Chief,  Rules 
and  Procedures  Branch,  Minerals 
Management  Service,  Royalty 
Management  Program,  P.O.  Box  25165, 

MS  3910,  Denver,  CO  80225-0165, 
telephone  (303)  231-3432  or  (FTS)  326- 
3432. 

SUPPLEMENTARY  INFORMATION:  The 

principal  authors  of  this  rule  are  Jeane 
Kalas  and  Marvin  Shaver  of  the  Rules 
and  Procedures  Branch,  MMS,  RMP. 

I.  Background 

The  Paperwork  Reduction 
Reauthorization  Act  of  1986  amended 
the  Paperwork  Reduction  Act  of  1980.  In 
amendments  to  44  U.S.C.  3507,  Congress 
sought  to  enable  the  public  to 
participate  more  fully  and  meaningfully 
in  the  Federal  paperwork  review 
process.  Consistent  with  the 
amendments,  OMB  published  a  final 
rule  in  the  Federal  Register  on  May  10, 
1988  (53  FR  18818),  which  amended  its 
regulations  at  5  CFR  part  1320  to  add  a 
new  §  1320.21  entitled  “Agency 
Disclosure  of  Estimated  Burden." 

This  new  OMB  regulation  (5  CFR 
1320.21)  requires  Agencies  to  include  in 
their  Federal  Register  notices: 

(1)  Statements  that  indicate 
submission  to  OMB  of  an  information 
collection  clearance  package  with  an 
estimate  of  the  average  burden  hours 
per  response  and 

(2)  A  statement  to  indicate  on  each 
collection  of  information  the  estimated 
average  burden  hours  per  response, 
together  with  a  request  that  respondents 
direct  to  the  Agency  and  OMB  any 
comments  on  the  accuracy  of  the 
estimate  and  suggestions  for  reducing 
the  burden.  In  an  amendment  to  44 
U.S.C.  3502(11),  Congress  also  clarified 
the  applicability  of  the  Paperwork 
Reduction  Act  to  collections  of 
information  contained  in  proposed  and 
current  regulations. 

II.  Discussion  of  Rule 

The  current  RMP  information 
collection  and  recordkeeping 
requirements  are  contained  in  MMS 
regulations  at  30  CFR  parts  206,  207,  208, 
210,  216,  218,  220,  and  228.  The  MMS  is 
amending  those  regulations  to  codify  the 
required  OMB  statements  relative  to 
public  reporting  burden.  The 
amendments  consolidate  the  required 
statements  relative  to  OMB  approved 
reporting  forms  under  §  210.10,  "Forms 
and  Reports."  The  amended  §  210.10 
codifies  the  burden  estimate  statements 
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for  each  form,  as  required  by  OMB  in 
accordance  with  5  CFR  132Q.21.  For 
information  collection  requirements  that 
do  not  require  the  submission  of  an 
OMB  approved  form,  MMS  is  adding  a 
new  §  220.003  and  amending  §  §  207.1, 
228.10,  and  229.10  to  add  the  OMB 
required  statements  on  estimated 
burden.  The  MMS  will  include  the 
required  statements  in  any  subsequent 
proposed  regulations  that  include  new 
information  collection  requirements. 

In  addition,  MMS  is  revising  its 
regulations  at  30  CFR  210.53(a), 

210.204(a),  218.15(a),  216.16(a), 

218.51(f)(1),  218.155(d)(3),  and  219.102  to 
reflect  the  current  MMS  mailing 
address(es)  to  be  used  for  mailing  or 
delivering  requests,  forms,  and/or 
payments  to  MMS.  The  MMS 
regulations  at  §  §  218.51(f)(3),  218.102(b), 
218.150(c),  218.155(d)(4),  218.202(b),  and 
218.302(b)  state  that  payments  received 
after  4  p.m.  at  the  MMS  addresses  are 
considered  next  day  receipts.  However, 
these  regulations  are  not  consistent  as 
to  whether  this  is  “mountain  time,” 
“mountain  standard  time,”  or  “local 
time.”  The  MMS  considers  "mountain 
time,"  as  specified  in  §  218.51(f)(3),  to  be 
the  best  description  and  is,  therefore, 
amending  the  other  regulations, 
accordingly.  The  MMS  is  also  amending 
paragraph  §  206.262(a)(1)  to  correct  an 
erroneous  form  number  “MMS-24293”  to 
read  “MMS-4293.” 

Procedural  Matters 

Administrative  Procedure  Act 

The  changes  included  in  this 
rulemaking  are  administrative  only  and 
not  substantive  changes.  Accordingly, 
pursuant  to  5  U.S.C.  553(b),  it  has  been 
determined  that  it  is  unnecessary  to 
issue  proposed  regulations  before  the 
issuance  of  this  final  regulation.  For  the 
same  reason,  it  has  been  determined 
that  in  accordance  with  5  U.S.C.  553(d), 
there  is  good  cause  to  make  this 
regulation  effective  upon  publication  in 
the  Federal  Register. 

Executive  Order  12291 

The  Department  of  the  Interior  has 
determined  that  this  document  is  not  a 
major  rule  and  does  not  require  a 
regulatory  analysis  under  Executive 
Order  12291.  This  final  rulemaking 
codifies  statements  on  public  reporting 
burden  in  accordance  with  an  OMB 
regulation  at  5  CFR  1320.21  and  amends 
existing  regulations  to  reflect  current 
MMS  addresses  for  mailing  or  delivering 
requests,  forms,  and/or  payments  to 
MMS. 


Regulatory  Flexibility  Act 

Because  this  rulemaking  codifies  OMB 
required  statements  relative  to  public 
reporting  burden  and  corrects  MMS 
addresses,  there  are  no  significant 
additional  requirements  or  burdens 
placed  upon  small  business  entities  as  a 
result  of  implementation  of  this  rule. 
Therefore,  the  Department  has 
determined  that  this  rulemaking  will  not 
have  a  significant  economic  effect  on  a 
substantial  number  of  small  entities  and 
does  not  require  a  regulatory  flexibility 
analysis  under  the  Regulatory  Flexibility 
Act  (5  U.S.C.  601  et  seq.). 

Executive  Order  12630 

The  Department  certifies  that  the  rule 
does  not  represent  a  governmental 
action  capable  of  interference  with 
constitutionally  protected  property 
rights.  Thus,  a  Takings  Implication 
Assessment  need  not  be  prepared 
pursuant  to  Executive  Order  12830, 
“Government  Action  and  Interference 
with  Constitutionally  Protected  Property 
Rights." 

Executive  Order  12778 

The  Department  has  certified  to  the 
Office  of  Management  and  Budget  that 
these  final  regulations  meet  the 
applicable  standards  provided  in 
sections  2(a)  and  2(b)(2)  of  Executive 
Order  12778. 

Paperwork  Reduction  Act  of  1980 

The  information  collection 
requirements  contained  in  this  rule  have 
been  approved  by  OMB  under  44  U.S.C. 
3501  et  seq.  and  assigned  OMB 
Clearance  Numbers  1010-0022,  0033, 
0040,  0042,  0061,  0063,  0064,  0073,  0074, 
0075,  0076,  and  0087. 

National  Environmental  Policy  Act  of 
1969 

It  is  hereby  determined  that  this 
rulemaking  does  not  constitute  a  major 
Federal  action  significantly  affecting  the 
quality  of  the  human  environment  and  a 
detailed  statement  pursuant  to 
paragraph  (2)(C)  of  section  102  of  the 
National  Environmental  Policy  Act  of 
1969  (42  U.S.C.  4332(2)(C)  is  not 
required. 

List  of  Subjects 

30  CFR  Parts  206,  207,  and  210 

Coal,  Continental  shelf.  Geothermal 
energy,  Government  contracts,  Indian 
lands,  Mineral  royalties,  Natural  gas, 
Petroleum,  Public  lands-mineral 
resources.  Reporting  and  recordkeeping 
requirements. 


30  CFR  Part  208 

Continental  shelf.  Government 
contracts,  Mineral  royalties.  Petroleum. 
Public  lands-mineral  resources, 

Reporting  and  recordkeeping 
requirements,  small  businesses,  Surety 
bonds. 

30  CFR  Parts  216  and  228 

Coal,  Continental  shelf.  Geothermal 
energy,  Government  contracts,  Indian 
lands,  Mineral  royalties.  Natural  gas, 
Penalties,  Petroleum,  Public  lands- 
mineral  resources,  Reporting  and 
recordkeeping  requirements. 

30  CFR  Part  218 

Coal,  Continental  shelf,  Electronic 
funds  transfers,  Geothermal  energy, 
Government  contracts,  Indian  lands, 
Mineral  royalties,  Natural  gas,  Penalties, 
Petroleum,  Public  lands-mineral 
resources.  Reporting  and  recordkeeping 
requirements. 

30  CFR  Part  219 

Coal,  Continental  shelf,  Electronic 
funds  transfers,  Geothermal  energy, 
Government  contracts,  Indian  lands. 
Mineral  royalties,  Natural  gas, 

Petroleum,  Public  lands-mineral 
resources,  Reporting  and  recordkeeping 
requirements. 

30  CFR  Part  220 

Coal,  Continental  shelf.  Geothermal 
energy,  Government  contracts.  Mineral 
royalties,  Natural  gas.  Petroleum,  Public 
lands-mineral  resources.  Reporting  and 
recordkeeping  requirements. 

Dated:  July  10, 1992. 

Daniel  Talbot, 

Deputy  Assistant  Secretary — Land  and 
Minerals  Management. 

For  the  reasons  set  out  in  the 
preamble,  30  CFR  parts  206,  207,  208, 

210,  216,  218,  219,  220,  and  228  are 
amended  as  follows: 

PART  206— PRODUCT  VALUATION 

1.  The  authority  citation  for  part  206 
continues  to  read  as  follows: 

Authority:  5  U.S.C.  301  et  seq.:  25  U.S.C.  396 
et  seq.;  25  U.S.C.  396a  et  seq.;  25  U.S.C.  2101 
et  seq.;  30  U.S.C.  181  et  seq.;  30  U.S.C.  351  et 
seq.:  30  U.S.C  1001  et  seq.;  30  U.S.C.  1701  et 
seq.:  31  U.S.C.  9701:  43  U.S.C.  1301  et  seq.:  43 
U.S.C.  1331  et  seq.;  and  43  U.S.C.  1801  et  seq. 

2.  Section  206.10  under  subpart  A, 
General  Provisions,  is  revised  to  read  as 
follows: 

§  206.10  Information  collection. 

The  information  collection 
requirements  contained  in  this  part  have 
been  approved  by  the  Office  of 
Management  and  Budget  (OMB)  under 
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44  U.S.C.  3501  et  seq.  The  forms,  filing 
date,  and  approved  OMB  clearance 
numbers  are  identified  in  30  CFR  210.10. 

§  206.262  [Amended] 

3.  The  last  sentence  of  paragraph 
(a)(1)  of  S  206.262,  Determination  of 
transportation  allowances,  under 
subpart  F,  Coal,  is  amended  by  revising 
the  reference  to  Form  “MMS-24293”  to 
read  “MMS-4293.” 

PART  207— SALES  AGREEMENT  OR 
CONTRACTS  GOVERNING  THE 
DISPOSAL  OF  LEASE  PRODUCTS 

1.  The  authority  citation  for  part  207  is 
revised  to  read  as  follows: 

Authority:  5  U.S.C.  301  et  seq.;  25  U.S.C.  396 
et  seq.;  25  U.S.C.  396a  et  seq.;  25  U.S.C.  2101 
et  seq.;  30  U.S.C.  181  et  seq.;  30  U.S.C.  351  et 
seq.;  30  U.S.C.  1001  et  seq.;  30  U.S.C.  1701  et 
seq.;  31  U.S.C.  9701;  43  U.S.C  1301  et  seq.;  43 
U.S.C.  1331  et  seq.;  and  43  U.S.C.  1801  et  seq. 

2.  Section  207.1  of  subpart  A,  General 
Provisions,  is  revised  to  read  as  follows: 

§  207.1  Required  recordkeeping. 

(a)  The  information  collection  and 
recordkeeping  requirements  contained 
in  this  part  have  been  approved  by  OMB 
under  44  U.S.C.  3501  et  seq.  and 
assigned  OMB  Clearance  Number  1010- 
0061.  The  information  collected  will  be 
used  to  determine  a  proper 
transportation  allowance  for  the  cost  of 
transporting  royalty  oil  from  the  lease  to 
a  delivery  point  remote  from  the  lease. 
The  information  is  required  in  order  to 
obtain  a  benefit  and  is  collected  in 
accordance  with  the  Federal  Oil  and 
Gas  Royalty  Management  Act  of  1982, 

30  U.S.C.  1701  etseq. 

(b)  Public  reporting  burden  is 
estimated  to  average  30  minutes  per 
year  for  each  record  keeper  to  maintain 
copies  of  sales  contracts,  agreements,  or 
other  documents  relevant  to  the 
valuation  of  production.  Send  any 
comments  regarding  this  burden 
estimate  or  any  other  aspect  of  this 
requirement  to  the  Information 
Collection  Clearance  Officer,  Minerals 
Management  Service,  381  Elden  Street, 
MS  2300,  Herndon,  VA  22070,  and  to  the 
Office  of  Information  and  Regulatory 
Affairs,  Office  of  Management  and 
Budget,  Paperwork  Reduction  Project 
1010-0061,  Washington,  DC  20503. 

PART  208— SALE  OF  FEDERAL 
ROYALTY  OIL 

1.  The  authority  citation  for  part  208  is 
revised  to  read  as  follows: 

Authority:  5  U.S.C  301  et  seq.;  30  U.S.C.  181 
et  seq.;  30  U.S.C  351  et  seq.;  30  U.S.C  1701  et 
seq.;  31  U.S.C.  9701;  43  U.S.C.  1301  et  seq.;  43 
U.S.C.  1331  et  seq.;  and  43  U.S.C.  1801  et  seq. 


2.  Section  208.3  under  subpart  A, 
General  Provisions,  is  revised  to  read  as 
follows: 

§  208.3  Information  collection. 

The  information  collection 
requirements  contained  in  this  part  have 
been  approved  by  OMB  under  44  U.S.C. 
3501  et  seq.  The  forms,  filing  date,  and 
approved  OMB  clearance  numbers  are 
identified  in  30  CFR  210.10. 

PART  210— FORMS  AND  REPORTS 

1.  The  authority  citation  for  part  210  is 
revised  to  read  as  follows: 

Authority:  5  U.S.C.  301  et  seq.;  25  U.S.C  396 
et  seq.;  25  U.S.C  396a  et  seq.;  25  U.S.C.  2101 
et  seq.;  30  U.S.C.  181  et  seq.;  30  U.S.C.  351  et 
seq.;  30  U.S.C.  1001  et  seq.;  30  U.S.C.  1701  et 
seq.;  31  U.S.C.  9701;  43  U.S.C.  1301  et  seq.;  43 
U.S.C.  1331  et  seq.;  and  43  U.S.C.  1801  et  seq. 


Form  No.,  name,  and  filing  date 


MMS-4054 — Oil  and  Gas  Operations 
Report— Due  by  the  15th  day  of  the 
second  month  following  the  produc¬ 
tion  month . 

M MS-4055— Gas  Analysis  Report- 
Due  by  the  15th  day  of  the  second 
month  following  the  production 

month . . . . 

MMS-4056 — Gas  Plant  Operations 
Report—  Due  by  the  15th  day  of  the 
second  month  following  the  produc¬ 
tion  month . . . 

MMS-4057— Fractionation  Plant  Oper¬ 
ations  Report—  Due  by  the  15th  day 
of  the  second  month  following  the 

production  month _ ... _ 

MMS-4058— Production  Allocation 

Schedule  Report—  Due  by  the  15th 
day  of  the  second  month  following 

the  production  month. - - - 

MMS-4059— Solid  Minerals  Operation 
Report—  Due  by  the  15th  day  of  the 
second  month  following  the  produc¬ 
tion  month . 


OMB  No. 


1010-0040 


1010-0040 


1010-0040 


1010-0040 


1010-0040 


1010-0063 


'  2.  Section  210.10  under  subpart  A, 
General  Provisions,  is  revised  to  read  as 
follows: 


§  210.10  Information  collection. 


(a)  Forms — This  section  identifies 
required  MMS  Royalty  Management 
Program  forms  for  reporting  sales  and 
royalties,  production  information, 
claiming  a  processing  or  transportation 
allowance,  or  claiming  a  reward  for 
providing  original  information.  The 
information  collection  requirements 
associated  with  the  forms  identified  in 
this  section  have  been  approved  by 
OMB  under  44  U.S.C.  3501  et  seq.  The 
forms,  filing  dates,  and  approved  OMB 
clearance  numbers  are  summarized 


below: 


Form  No.,  name,  and  filing  date 


MMS- 20 1 4— Report  of  Sales  and  Roy¬ 
alty  Remittance — OH  and  Gas— Due 
by  the  end  of  first  month  following 
production  month  for  royalty  pay¬ 
ment  and  for  rentals  no  later  than 

anniversary  date  of  the  lease . 

MMS-3160— Monthly  Report  of  Oper¬ 
ations— Due  by  the  15th  day  of  the 
second  month  following  the  produc¬ 
tion  month . - . 

MMS-4025—OU  and  Gas  Payor  Infor¬ 
mation  Form— Due  30  days  after  is¬ 
suance  of  a  new  lease  or  change  to 

an  existing  lease _ _ 

MMS-4030 — Solid  Minerals  Payor  In¬ 
formation  Form— Due  30  days  after 
issuance  of  a  new  lease  or  change 
to  an  existing  account  established  by 


OMB  No. 


1010-0022 


1010-0040 


1010-0033 


an  earlier  form 
MMS-4051— Facility  and  Measurement 
Information  Form  and  Supplement- 
Due  at  the  request  of  MMS  during 
the  initial  conversion  of  the  facility 
and  measurement  device  operators.... 
M MS-4052—  Well  Information  Form- 
Due  at  the  request  of  MMS  during 
the  initial  conversion  of  the  lease 

and  agreement  operators _ _ _ 

MMS-4053 — First  Purchaser  Report- 
Due  at  the  request  of  MMS . 


1010-0064 


1010-0040 


1010-0040 


MMS-4060— Solid  Minerals  Facility 
Report—  Due  by  the  15th  day  of  the 
second  month  following  the  produc¬ 
tion  month . . ; _ _ 

M MS-4061— API  Well  Number  Change 
Report—  Due  10  days  prior  to  sub¬ 
mission  of  Form  MMS-4054 _ 

MMS-4070— Application  of  the  Pur¬ 
chase  of  Royalty  Oil—  Due  prior  to 
the  date  of  sale  in  accordance  with 
the  instructions  in  the  Notice  of 
Availability  of  Royalty  Oil _ :. _ 


1010-0063 


1010-0040 


1010-0042 


MMS-4071— Semiannual  Report  of 
Royalty-in-Kind  Oil  Entitlements— 
Due  from  the  lease  operator  by 
March  1  and  September  1  each  year 
lor  the  prior  6-month  period  ending 
December  31  and  June  30 _ _ 


1010-0042 


MMS-4109—Gas  Processing  Allow¬ 
ance  Summary  Report—  Initial  report 
due  within  3  months  following  the 
last  day  of  the  month  for  which  ah 
allowance  is  first  claimed,  unless  a 
longer  period  is  approved  by  MMS . 


1010-0075 


MMS-4 1 10 — Oil  Transportation  Allow¬ 
ance  Report—  Initial  report  due  within 
3  months  following  the  last  day  of 
the  month  for  which  an  allowance  is 
first  claimed,  unless  a  longer  period 

is  approved  by  MMS ........... _ :. .  1010-0061 

MMS-4280— Application  for  Reward 
for  Original  Information—  Due  when  a 
reward  is  claimed  for  information 
provided  which  may  lead  to  the  re¬ 
covery  of  royalty  or  other  payments 
owed  to  the  United  States . .  1010-0076 


MMS-4292 — Coal  Washing  Allowance 
Report—  Due  prior  to  or  at  the  same 
time  that  the  allowance  is  first  re¬ 
ported  on  Form  MMS-2014  and  an¬ 
nually  thereafter  If  the  allowance 
does  not  change _ ..... 

MMS-4293 — Coal  Transportation  Al¬ 
lowance  Report— Due  prior  to  or  at 
the  same  time  that  the  allowance  is 
first  reported  on  Form  MMS-2014 
and  annually  thereafter  If  the  allow¬ 
ance  does  not  change ........ _ _ 

MMS-4295 — Gas  Transportation  Allow¬ 
ance  Report— Initial  report  due  within 
3  months  following  the  last  day  of 
month  for  which  an  allowance  is  first 
claimed  unless  a  longer  period  is 
approved  by  MMS _ _ _ _ _ 


1010-0074 


1010-0074 


1010-0075 


1010-0040 
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The  information  required  on  the  forms 
identified  in  the  table  above  is  being 
collected  by  the  Department  of  the 
Interior  to  meet  its  congressionally 
mandated  accounting  and  auditing 
responsibilities  relating  to  Federal  and 
Indian  mineral  royalty  management.  The 
purpose  of  the  forms  and  the  estimated 
public  reporting  burden  associated  with 
each  form  are  described  in  paragraph  (c) 
of  this  section.  With  the  exception  of 
Forms  MMS-4109,  MMS-4110,  MMS- 
4280,  MMS-4292,  MMS-4293,  and  MMS- 
4295,  the  forms  are  mandatory. 
Information  on  Forms  MMS-4109,  MMS- 
4110,  MMS-4292,  MMS-4293,  and  MMS- 
4295  is  required  to  receive  a  benefit. 
Information  required  on  Form  MMS- 
4280  must  be  provided  voluntarily  to 
claim  a  reward.  Information  collected 
relative  to  production,  royalties,  and 
other  payments  due  the  Government 
from  activities  on  leased  Federal  or 
Indian  land  is  authorized  by  the  Federal 
Oil  and  Gas  Royalty  Management  Act  of 
1982,  30  U.S.C,  1701  et  seq.  for  oil  and 
gas  production,  and  by  30  U.S.C.  189,  30 
U.S.C.  359,  and  30  U.S.C.  396d  for  solid 
mineral  production. 

(b)  MMS  mailing  addresses — This 
paragraph  identifies  the  MMS 
address(es)  to  be  used  for  requesting 
forms  and/or  for  mailing  completed 
forms  to  MMS. 

(1)  Requests  for  Forms  MMS-2014, 
MMS-4070,  or  MMS-4071  should  be 
addressed  to  the  Minerals  Management 
Service,  Royalty  Management  Program, 
Fiscal  Accounting  Division,  P.O.  Box 
5760,  MS  3200,  Denver,  Colorado  80217- 
5760.  Completed  Forms  MMS-4071 
should  be  mailed  to  the  same  address. 
The  completed  Forms  MMS-2014  should 
be  mailed  to  the  Minerals  Management 
Service,  Royalty  Management  Program, 
P.O.  Box  5810,  Denver,  Colorado  80217- 
5810.  The  address  to  which  a  completed 
Form  MMS-4070  should  be  mailed  will 
be  identified  in  a  Federal  Register 
Notice  of  Availability  of  Royalty  Oil. 

(See  30  CFR  208.5.) 

(2)  Requests  for  Forms  MMS-4025  or 
MMS-4030  should  be  addressed  to  the 
Minerals  Management  Service,  Royalty 
Management  Program,  P.O.  Box  5760, 
Denver,  Colorado  80217-5760.  The 
completed  forms  should  be  mailed  to  the 
same  address. 

(3)  Requests  for  Forms  MMS-3160, 
MMS-4051,  MMS-4052,  MMS-4053, 
MMS— 4054,  MMS-4055,  MMS-4056, 
MMS— 4057,  MMS— 4058,  MMS-4059, 
MMS-4060,  or  MMS-4061  should  be 
addressed  to  the  Minerals  Management 
Service,  Royalty  Management  Program, 
Production  Accounting  Division,  P.O. 
Box  17110,  Denver,  Colorado  80217-0110. 
The  completed  forms  should  be  mailed 
to  the  same  address. 


(4)  Requests  for  processing  or 
transportation  allowance  forms  (Forms 
MMS-4109,  MMS-4110,  MMS-4292, 
MMS-4293,  or  MMS-4295)  should  be 
addressed  to  the  Minerals  Management 
Service,  Royalty  Management  Program, 
Royalty  Valuation  and  Standards 
Division,  P.O.  Box  25165,  MS  3500, 
Denver,  Colorado  80225-0165.  The 
completed  allowance  forms  should  be 
mailed  to  the  Minerals  Management 
Service,  Royalty  Management  Program, 
P.O.  Box  5200,  Denver,  Colorado  80217- 
5200. 

(5)  Requests  for  Form  MMS-4280 
should  be  addressed  to  the  Minerals 
Management  Service,  Royalty 
Management  Program,  Royalty 
Compliance  Division,  P.O.  Box  25165, 

MS  3600,  Denver,  Colorado  80225-0165. 
The  completed  form  should  be  mailed  to 
the  same  address.  (See  30  CFR 
218.57(b)). 

(6)  Reports  delivered  to  MMS  by 
special  couriers  or  overnight  mail  shall 
be  addressed  as  follows:  Minerals 
Management  Service,  Royalty 
Management  Program,  Buildmg  85, 
Denver  Federal  Center,  room  A-212, 
Revenue  and  Document  Processing, 
Denver,  Colorado  80225. 

(c)  Purpose  of  forms  and  estimated 
public  reporting  burden — This 
paragraph  describes  the  purpose  of  the 
information  being  collected  and  the 
estimated  public  reporting  burden 
associated  with  the  OMB  approved 
forms  identified  in  paragraph  (a)  of  this 
section. 

(1)  MMS-2014 — Used  monthly  to 
report  lease-related  transactions 
essential  for  royalty  management  to 
determine  the  correct  royalty  amount 
due,  reconcile  or  audit  data,  and 
distribute  payments  to  appropriate 
accounts.  Public  reporting  burden  is 
estimated  to  average  9  minutes  to 
complete  each  line  item  on  the  form, 
including  the  time  necessary  to 
assemble  data,  calculate  value  and 
royalty,  and  enter  data  on  the  form. 
Companies  with  equipment  enabling 
them  to  report  using  tape  media  may 
average  3  minutes  to  complete  each  line 
item  on  the  form.  Comments  submitted 
relative  to  this  information  collection 
should  reference  Paperwork  Reduction 
Project  1010-0022. 

(2)  MMS-3160 — Used  by  onshore  oil 
and  gas  lease  operators  to  report 
monthly  oil  and  gas  production  to  MMS. 
Public  reporting  burden  is  estimated  to 
average  30  minutes  per  form  including 
time  spent  reading  instructions, 
completing,  and  mailing  the  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0040. 


(3)  MMS-4025 — This  form  is  used  to 
establish  a  data  base  of  payor  accounts 
for  oil  and  gas  leases  on  Federal  or 
Indian  lands,  reporting  changes  in  payor . 
accounts,  and  notifying  MMS  of  the 
products  on  which  royalties  will  be  paid. 
Public  reporting  burden  is  estimated  to 
average  30  minutes  per  form,  including 
time  spent  reading  instructions, 
completing,  and  mailing  the  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0033. 

(4)  MMS-4030— This  form  is  used  to 
establish  a  data  base  of  payor  accounts 
for  solid  mineral  leases  on  Federal  or 
Indian  lands,  reporting  any  changes  to 
the  accounts,  and  identifying  the  type  of 
mine  and  product  produced.  Public 
reporting  burden  is  estimated  to  average 
30  minutes  per  form,  including  time 
spent  reading  instructions,  completing, 
and  mailing  the  form.  Comments 
submitted  relative  to  this  information 
collection  should  reference  Paperwork 
Reduction  Project  1010-0064. 

(5)  MMS-4051 — Used  to  establish  a 
reference  data  base  identifying  the 
facilities  where  oil  and  gas  production  is 
stored  or  processed  and  the  metering 
points  where  production  is  measured  for 
sale  or  transfer.  Public  reporting  burden 
is  estimated  to  average  30  minutes  per 
form  for  facility  operators  to  review  and 
update  the  data  base.  Comments 
submitted  relative  to  this  information 
collection  should  reference  Paperwork 
Reduction  Project  1010-0040. 

(6)  MMS-4052— The  form  is  used  to 
provide  data  from  lease  operators 
identifying  all  wells  not  permanently 
plugged  or  abandoned.  It  is  used  only 
once,  during  conversion  to  the 
Production  Accounting  and  Auditing 
System.  Public  reporting  burden  is 
estimated  to  average  30  minutes  per 
form,  including  time  spent  reading 
instructions,  completing,  and  mailing  the 
form.  Comments  submitted  relative  to 
this  information  collection  should 
reference  Paperwork  Reduction  Project 
1010-0040. 

(7)  MMS-4053 — Designed  as  an  audit 
tool  to  be  used  to  confirm  sales  data. 
Public  reporting  burden  is  estimated  to 
average  30  minutes  per  form,  including 
time  spent  reading  instructions, 
completing,  and  mailing  the  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0040. 

(8)  MMS-4054 — This  three-part  form 
identifies  all  oil  and  gas  lease 
production  from  Federal  and  Indian 
lands.  The  MMS  uses  information  from 
this  form  to  track  oil  and  gas  from  the 
point  of  production  to  the  point  of  first 
sale  or  other  disposition.  Respondents 
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will  generally  not  use  all  three  parts  of 
the  form.  Public  reporting  burden  is 
estimated  to  average  1  hour  per  month, 
including  time  gathering  data, 
completing,  and  mailing  the  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0040. 

(9)  MMS-4055 — This  report  identifies 
the  separate  components  of  natural  gas 
production.  It  is  submitted  quarterly  or 
semiannually  by  lease  operators  when 
gas  production  is  processed  before 
royalty  value  has  been  determined. 

Public  reporting  burden  is  estimated  to 
average  30  minutes  per  form  including 
time  required  gathering  data, 
completing,  and  mailing  the  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0040. 

(10)  MMS-4056 — Submitted  monthly 
by  gas  plant  operators  to  identify 
components  and  disposition  of  natural 
gas  from  Federal  and  Indian  leases. 

Public  reporting  burden  is  estimated  to 
average  30  minutes  per  form,  including 
time  required  gathering  data, 
completing,  and  mailing  the  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0040. 

(11)  MMS-4057 — This  form  is 
submitted  monthly  by  fractionation 
plant  operators  to  identify  the  volume  of 
raw  material  transferred  to  the  plant 
and  the  volume  of  natural  gas  liquids 
produced.  Public  reporting  burden  is 
estimated  to  average  30  minutes  per 
report,  including  time  required  gathering 
data,  completing,  and  mailing  the  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0040. 

(1Z)  MMS— 4058 — Submitted  monthly 
by  operators  of  the  facilities  and 
measurement  points  where  production 
from  a  Federal  or  Indian  lease  is 
commingled  with  production  from  other 
sources  before  it  is  measured  for  royalty 
determination.  The  data  reported  is  used 
to  determine  whether  sales  reported  by 
lessees  are  reasonable.  Public  reporting 
burden  is  estimated  to  average  1  hour 
per  form,  including  time  required 
gathering  data,  completing,  and  mailing 
the  form.  Comments  submitted  relative 
to  this  information  collection  should 
reference  Paperwork  Reduction  Project 
1010-0040. 

(13)  MMS-4059 — This  form  consists  of 
parts  A  and  B.  It  is  submitted  by  all 
operators  of  Federal  or  Indian  solid 
mineral  leases  on  a  schedule  established 
on  the  lease.  Public  reporting  burden  is 
estimated  to  range  from  30  minutes  per 
form  for  the  majority  of  operators  who 
submit  only  part  A  to  report  production 
and  disposition  of  raw  materials,  to  1% 


hours  for  operators  submitting  both 
parts  A  and  B  to  report  sales  of  mine 
production  from  a  facility  beyond  the 
mine  site.  Comments  submitted  relative 
to  this  information  collection  should 
reference  Paperwork  Reduction  Project 
1010-0063. 

(14)  MMS-4060 — Submitted  by 
operators  of  secondary  processing  or 
remote  storage  facilities  that  handle 
solid  mineral  production  on  which 
royalties  have  not  been  determined.  The 
form  is  usually  submitted  monthly  and 
requires  1  to  2  hours  to  complete 
depending  on  the  processes,  inventory, 
and  production  disposition  to  be 
reported.  Comments  submitted  relative 
to  this  information  collection  should 
reference  Paperwork  Reduction  Project 
1010-0063. 

(15)  MMS-4061 — This  form  is  used  to 
notify  MMS  whenever  a  well  with  a 
temporary  identification  number  is 
assigned  a  permanent  American 
Petroleum  Institute  (API)  number.  Public 
reporting  burden  is  estimated  to  average 
30  minutes  per  form,  including  time 
required  gathering  data,  completing,  and 
mailing  the  form.  Comments  submitted 
relative  to  this  information  collection 
should  reference  Paperwork  Reduction 
Project  1010-0040. 

(16)  MMS-4070 — After  publication  in 
the  Federal  Register  of  a  Notice  of 
Availability  of  Royalty  Oil,  refiners 
interested  in  the  purchase  of  royalty  oil 
should  submit  their  applications  using 
this  form.  The  information  collected  is 
used  by  MMS  to  determine  if  the 
applicant  meets  eligibility  requirements 
to  contract  to  purchase  the  oil.  Public 
reporting  burden  is  estimated  to  average 
1  hour  per  form,  including  time  required 
gathering  data,  completing,  and  mailing 
the  form.  Comments  submitted  relative 
to  this  information  collection  should 
reference  Paperwork  Reduction  Project 
1010-0042. 

(17)  MMS-4071 — This  form  is  used 
semiannually  by  lease  operators  to 
document  royalty  oil  entitlements  under 
royalty  oil  contracts  issued  by  MMS. 

The  MMS  completes  the  first  8  lines  on 
the  form  before  sending  it  out  to  the 
lessee  or  lease  operator.  Public  reporting 
burden  is  estimated  to  average  15 
minutes  to  complete  the  production  and 
entitlements  columns,  sign,  and  return 
the  form  to  MMS.  Comments  submitted 
relative  to  this  information  collection 
should  reference  Paperwork  Reduction 
Project  1010-0042. 

(18)  MMS-4109 — Used  to  claim  an 
allowance  for  the  reasonable,  actual 
costs  of  removing  hydrocarbon  and 
nonhydrocarbon  elements  or  compounds 
from  the  gas  streams.  Public  reporting 
burden  varies  depending  on  the  type  of 
contract  involved.  Under  an  arm’s- 


length  contract  burden  is  estimated  to 
average  1  hour  for  the  submission  of 
page  1  and  schedule  1  of  the  form 
requiring  the  lessee’s  name  and  address, 
payor  code,  plant  name,  accounting 
identification  number,  product  code,  and 
selling  arrangement.  Nonarm’s-length 
contract  claims  require  completion  of  all 
pages  of  the  form  including  calculations 
of  allowable  operating  and  maintenance 
costs,  overhead,  depreciation,  and 
return  on  undepreciated  capital 
investment.  Public  reporting  burden  is 
estimated  to  average  10  hours  to 
complete  the  entire  form.  Comments 
submitted  relative  to  this  information 
collection  should  reference  Paperwork 
Reduction  Project  1010-0075. 

(19)  MMS-4110 — Used  to  claim  an 
allowance  for  expenses  incurred  by  a 
lessee  in  transporting  oil  from  the  lease 
site  to  a  point  remote  from  the  lease 
where  value  is  determined.  Public 
reporting  burden  varies  depending  on 
the  type  of  contract  involved.  Under  an 
arm’s-length  contract,  burden  is 
estimated  to  average  1  hour  for  the 
submission  of  page  1  and  schedule  1  of 
the  form  requiring  the  lessee’s  name  and 
address,  payor  code,  accounting 
identification  number,  product  code,  and 
selling  arrangement.  Nonarm’s-length 
contract  claims  require  completion  of  all 
pages  of  the  form  including  calculations 
of  allowable  operating  and  maintenance 
costs,  overhead,  depreciation,  and 
return  on  undepreciated  capital 
investment.  Public  reporting  burden  is 
estimated  to  average  3  hours  to 
complete  the  entire  form.  Comments 
submitted  relative  to  this  information 
collection  should  reference  Paperwork 
Reduction  Project  1010-0061. 

(20)  MMS-4280 — This  form  is  used  to 
claim  a  reward  for  information  leading 
to  the  recovery  of  payments  owed  to  the 
United  States  from  oil  and  gas  leases  on 
Federal  land  -or  the  Outer  Continental 
Shelf.  Claimants  must  provide  name, 
address,  Social  Security  number,  and  a 
brief  description  of  the  violation  being 
reported.  Public  reporting  burden  is 
estimated  to  average  30  minutes  to 
complete  this  form.  Comments 
submitted  relative  to  this  information 
collection  should  reference  Paperwork 
Reduction  Project  1010-0076. 

(21)  MMS-4292 — This  form  is  used  to 
claim  an  allowance  for  the  reasonable, 
actual  costs  incurred  to  wash  coal. 

Public  reporting  burden  varies 
depending  on  the  type  of  contract 
involved.  Under  an  arm’s-length 
contract,  burden  is  estimated  to  average 
1  hour  for  the  submission  of  page  1  of 
the  form  requiring  the  lessee’s  name  and 
address,  payor  code,  accounting 
identification  number,  product  code,  and 
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selling  arrangement.  Nonarm’s-length 
contract  claims  require  completion  of  all 
pages  of  the  form  including  calculations 
of  allowable  operating  and  maintenance 
costs,  overhead,  depreciation,  and 
return  on  undepreciated  capital 
investment.  Public  reporting  burden  is 
estimated  to  average  40  hours  to 
complete  the  entire  form.  Comments 
submitted  relative  to  this  information 
collection  should  reference  Paperwork 
Reduction  Project  1010-0074. 

(22)  MMS-4293 — Used  to  claim  an 
allowance  for  the  reasonable,  actual 
costs  of  transporting  coal  to  a  sales 
point  or  a  washing  facility  remote  from 
the  mine  or  lease.  Public  reporting 
burden  varies  depending  on  the  type  of 
contract  involved.  Under  an  arm’s- 
length  contract,  burden  is  estimated  to 
average  1  hour  for  the  submission  of 
page  1  of  the  form  requiring  the  lessee's 
name  and  address,  payor  code, 
accounting  identification  number, 
product  code,  and  selling  arrangement. 
Nonarm’s-length  contract  claims  require 
completion  of  all  pages  of  the  form 
including  calculations  of  allowable 
operating  and  maintenance  costs, 
overhead,  depreciation,  and  return  on 
undepreciated  capital  investment.  Public 
reporting  burden  is  estimated  to  average 
40  hours  to  complete  the  entire  form. 
Comments  submitted  relative  to  this 
information  collection  should  reference 
Paperwork  Reduction  Project  1010-0074. 

(23)  MMS-4295 — This  form  is  used  to 
claim  an  allowance  for  the  reasonable, 
actual  costs  of  transporting  gas  from  the 
lease  to  the  point  of  first  sale.  Public 
reporting  burden  varies  depending  on 
the  type  of  contract  involved.  Under  an 
arm’s-length  contract,  burden  is 
estimated  to  average  1  hour  for  the 
submission  of  page  1  and  schedule  1  of 
the  form  requiring  the  lessee’s  name  and 
address,  payor  code,  accounting 
identification  number,  product  code,  and 
selling  arrangement.  Nonarm’s-length 
contract  claims  require  completion  of  all 
pages  of  the  form  including  calculations 
of  allowable  operating  and  maintenance 
costs,  overhead,  depreciation,  and 
return  on  undepreciated  capital 
investment.  Public  reporting  burden  is 
estimated  to  average  3  hours  to 
complete  the  entire  form.  Comments 
submitted  relative  to  this  information 
collection  should  reference  Paperwork 
Reduction  Project  1010-0075. 

(d)  Comments  on  burden  estimates. 
Send  comments  regarding  the  burden 
estimates  or  any  other  aspect  of  these 
information  collections,  including 
suggestions  for  reducing  burden,  to  the 
Information  Collection  Clearance 
Officer,  Minerals  Management  Service, 
381  Elden  Street  MS  2300,  Herndon,  VA 


22070;  and  to  the  Office  of  Information 
and  Regulatory  Affairs,  Office  of 
Management  and  Budget,  Paperwork 
Reduction  Project  1010-XXXX, 
Washington,  DC  20503. 

3.  Paragraph  (a)  of  §  210.53,  under 
subpart  B,  Oil,  Gas,  and  OCS  Sulfur — 
General,  is  revised  to  read  as  follows:  . 

§  210.53  Reporting  instructions. 

(a)  Specific  guidance  on  how  to 
prepare  and  submit  required  information 
collection  reports  and  forms  to  MMS  is 
contained  in  an  MMS  “Oil  and  Gas 
Payor  Handbook,”  a  “Production 
Accounting  and  Auditing  System 
Reporter  Handbook,"  and  a  “PAAS 
Onshore  Oil  and  Gas  Reporter 
Handbook.”  The  Payor  Handbook  is 
available  from  the  Minerals 
Management  Service,  Royalty 
Management  Program,  Fiscal 
Accounting  Division,  P.O.  Box  5760,  MS 
3200,  Denver,  Colorado  80217-5760.  The 
Reporter  Handbooks  are  available  from 
the  Minerals  Management  Service, 
Royalty  Management  Program, 
Production  Accounting  Division,  P.O. 

Box  17110,  Denver,  Colorado  80217-0110. 
***** 

4.  Paragraph  (a)  of  §  210.204,  under 
subpart  E,  Solid  Minerals,  General,  is 
revised  to  read  as  follows: 

§  210.204  Reporting  instructions. 

(a)  Specific  guidance  on  how  to 
prepare  and  submit  required  information 
collection  reports  and  forms  to  MMS  is 
contained  in  an  “MMS  Payor 
Handbook — Solid  Minerals”  and  a 
“Production  Accounting  and  Auditing 
System  Reporter  Handbook."  The  Payor 
Handbook  is  available  from  the 
Minerals  Management  Service,  Royalty 
Management  Program,  Fiscal 
Accounting  Division,  P.O.  Box  5760,  MS 
3200,  Denver,  Colorado  80217-5760.  The 
Reporter  Handbook  is  available  from 
the  Minerals  Management  Service, 
Royalty  Management  Program, 
Production  Accounting  Division,  P.O. 
Box  17110,  Denver,  Colorado  80217-0110. 
***** 

PART  216— PRODUCTION 
ACCOUNTING 

1.  The  authority  citation  for  part  216  is 
revised  to  read  as  follows: 

Authority:  5  U.S.C.  301  et  seq.;  25  U.S.C.  396 
et  seq.;  25  U.S.C.  396a  et  seq.;  25  U.S.C.  2101 
et  seq.;  30  U.S.C.  181  et  seq.:  30  U.S.C.  351  et 
seq.:  30  U.S.C.  1001  et  seq.;  30  U.S.C.  1701  et 
seq.;  31  U.S.C.  9701;  43  U.S.C.  1301  et  seq.;  43 
U.S.C.  1331  et  seq.;  and  43  U.S.C.  1801  et  seq. 

2.  Section  216.10  under  subpart  A, 
General  Provisions,  is  revised  to  read  as 
follows: 


§  216.10  Information  collection. 

The  information  collection 
requirements  contained  in  this  part  have 
been  approved  by  OMB  under  44  U.S.C. 
3501  et  seq.  The  forms,  filing  date,  and 
approved  OMB  clearance  numbers  are 
identified  in  30  CFR  210.10. 

3.  Paragraph  (a)  of  §  216.15,  under 
subpart  A,  General  Provisions,  is 
revised  to  read  as  follows: 

§  216.15  Reporting  Instructions. 

(a)  Specific  guidance  on  how  to 
prepare  and  submit  required  information 
collection  reports  and  forms  to  MMS  is 
contained  in  a  “PAAS  Reporter 
Handbook”  and  a  “Paas  Onshore  Oil 
and  Gas  Reporter  Handbook.”  The 
Reporter  Handbooks  are  available  from 
the  Minerals  Management  Service, 
Royalty  Management  Program, 
Production  Accounting  Division,  P.O. 

Box  17110,  Denver,  Colorado  80217-0110. 
***** 

4.  Paragraph  (a)  of  §  216.16,  under 
subpart  A,  General  Provisions,  is 
revised  to  read  as  follows: 

§  216.16  Where  to  report 

(a)  All  reporting  forms  listed  in  this 
part  that  are  mailed  or  sent  by  U.S. 
Postal  Service  express  mail  should  be 
mailed  to  the  Mineral  Management 
Service,  Royalty  Management  Program, 
Production  Accounting  Division.  P.O. 
Box  17110,  Denver,  Colorado  80217-0110. 
***** 

PART  218— COLLECTION  OF 
ROYALTIES,  RENTALS,  BONUSES, 
AND  OTHER  MONIES  DUE  THE 
FEDERAL  GOVERNMENT 

1.  The  authority  citation  for  part  218 
continues  to  read  as  follows: 

Authority:  5  U.S.C.  301  et  seq.;  25  U.S.C.  396 
et  seq.;  25  U.S.C.  396a  et  seq.;  25  U.S.C.  2101 
et  seq.;  30  U.S.C.  181  et  seq.;  30  U.S.C.  351  et 
seq.;  30  U.S.C.  1001  et  seq.;  30  U.S.C.  1701  et 
seq.;  31  U.S.C.  9701;  43  U.S.C.  1301  et  seq.;  43 
U.S.C.  1331  et  seq.;  and  43  U.S.C.  1801  et  seq. 

2.  A  new  §  218.10  is  added  under 
Subpart  A,  General  Provisions,  to  read 
as  follows: 

§  218.10  Information  collection. 

The  information  collection 
requirements  contained  in  this  part  have 
been  approved  by  OMB  under  44  U.S.C. 
3501  et  seq.  The  forms,  filing  date,  and 
approved  OMB  clearance  numbers  are 
identified  in  30  CFR  210.10. 

3.  Paragraph  (f)(1)  of  §  218.51,  under 
Subpart  B,  Oil  and  Gas — General,  is 
revised  to  read  as  follows: 

S  218.51  Method  of  payment 
***** 
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(f)  Where  to  pay.  (1)  The  Report  of 
Sales  and  Royalty  Remittance  (Form 
MMS-2014)  and  the  applicable  payment 
[payable  to  the  Department  of  the 
Interior,  MMS)  should  be  mailed  to  the 
Minerals  Management  Service,  Royalty 
Management  Program,  P.O.  Box  5810, 
Denver,  Colorado  80217-5810.  Rental  or 
deferred  bonus  payments  for  Federal 
nonproducing  leases  that  are  not 
required  to  be  reported  on  Form  MMS- 
2014  should  be  mailed  to  the  Minerals 
Management  Service,  Royalty 
Management  Program,  P.O.  Box  5640, 
Denver,  Colorado  80217-5640. 
***** 

4.  Paragraph  (b)  of  §  218.102  under 
subpart  C,  Oil  and  Gas  Onshore,  is 
revised  to  read  as  follows: 

§  218.102  Late  payment  or  underpayment 
charges. 

***** 

(b)  Late  payment  charges  will  be 
assessed  on  any  late  payment  or 
underpayment  from  the  date  that  the 
payment  was  due  until  the  date  that  the 
payment  was  received  at  the  MMS 
addresses  specified  in  {  218.51(f)(1)  and 
(f)(2).  Payments  received  at  the  specified 
MMS  addresses  after  4  p.m.  mountain 
time  are  considered  received  the 
following  business  day. 
***** 

5.  Paragraph  (c)  of  S  218.150  under 
subpart  D,  Oil  and  Gas  Sulfur  Offshore, 
is  revised  to  read  as  follows: 

§  218.150  Royalties,  net  profit  shares,  and 
rental  payments. 

***** 

(c)  Late  payment  charges  will  be 
assessed  on  any  late  payment  or 
underpayment  from  the  date  that  the 
payment  was  due  until  the  date  that  the 
payment  was  received  at  the  MMS 
addresses  specified  in  §  218.51(f)(1)  and 
(f)(2).  Payments  received  at  the  specified 
MMS  addresses  after  4  p.m.  mountain 
time  are  considered  received  the 
following  business  day. 
***** 

6.  Paragraphs  (d)(3)  and  (d)(4)  of 

§  218.155  under  subpart  D,  Oil,  Gas,  and 
Sulfur,  Offshore  are  revised  to  read  as 
follows: 

§  218.155  Method  of  payment. 
***** 

Id)  *  *  * 

(3)  The  MMS  mailing  addresses  for 
payments  to  MMS  are  specified  in 

§  218.51(f)(1)  and  (f)(2). 

(4)  Payments  received  at  the  MMS 
addresses  after  4  p.m.  mountain  time  are 
considered  received  the  following 
business  day. 


7.  Paragraph  (b)  of  §  218.202  under 
subpart  E,  Solid  Minerals,  General,  is 
revised  to  read  as  follows: 

§  218202  Late  payment  or  underpayment 
charges. 

*  *  *  *  * 

(b)  Late  payment  charges  will  be 
assessed  on  any  late  payment  or 
underpayment  from  the  date  that  the 
payment  was  due  until  the  date  that  the 
payment  was  received  at  the  MMS 
addresses  specified  in  218.51(f)(1)  and 
(f)(2).  Payments  received  at  the  specified 
MMS  addresses  after  4  p.m.  mountain 
time  are  considered  received  the 
following  business  day. 
***** 

8.  Paragraph  (b)  of  §  218.302  under 
subpart  F,  Geothermal  Resources,  is 
revised  to  read  as  follows: 

§  218.302  Late  payment  or  underpayment 
charges. 

*  *  *  *  * 

(b)  Late  payment  charges  will  be 
assessed  on  any  late  payment  or 
underpayment  from  the  date  that  the 
payment  was  due  until  the  date  that  the 
payment  was  received  at  the  MMS 
addresses  specified  in  §  218.51(f)(1)  and 
(f)(2).  Payments  received  at  the  specified 
MMS  addresses  after  4  p.m.  Mountain 
Time  are  considered  received  the 
following  business  day. 
***** 

PART  219— DISTRIBUTION  AND 
DISBURSEMENT  OF  ROYALTIES, 
RENTALS,  ANO  BONUSES 

1.  The  authority  citation  for  part  219  is 
revised  to  read  as  follows: 

Authority:  Section  104,  Pub.  L  B7-451,  96 
Stat.  2451  (30  U.S.C.  1714). 

2.  Section  219.102,  under  subpart  C, 

Oil  and  Gas,  Onshore,  is  revised  to  read 
as  follows: 

§  219.102  Method  of  payment 

The  MMS  shall  disburse  monies  to  a 
State  either  by  Treasury  check  or  by 
Electronic  Funds  Transfer  (EFT).  Should 
a  State  prefer  to  receive  its  payment  by 
EFT,  it  should  request  this  payment 
method  in  writing  to  the  Minerals 
Management  Service,  Royalty 
Management  Program,  Fiscal 
Accounting  Division,  P.O.  Box  5700,  MS 
3200,  Denver.  Colorado  80217-5760. 

PART  220— ACCOUNTING 
PROCEDURES  FOR  DETERMINING 
NET  PROFIT  SHARE  PAYMENT  FOR 
OUTER  CONTINENTAL  SHELF  OIL 
AND  GAS  LEASES 

1.  The  authority  citation  for  part  220 
continues  to  read  as  follows: 


Authority:  Sec.  205,  Pub.  L.  95-372,  92  Stat 
643  (43  U.S.C.  1337). 

2.  A  new  $  220.003  is  added  to  read  as 
follows: 

§  220.003  Information  collection. 

(a)  The  information  collection 
requirements  of  this  part  have  been 
approved  by  OMB  under  44  U.S.C.  3501 
et  seq.  and  assigned  OMB  Clearance 
Number  1010-0073.  The  information  will 
be  used  to  determine  all  allowable 
direct  and  allocable  joint  costs  incurred 
during  the  term  of  the  lease,  appropriate 
overhead  allowances  permitted  on  these 
costs  pursuant  to  §  220.012,  and 
allowances  foT  capital  recovery 
calculated  pursuant  to  §  220.020.  The 
information  collection  is  mandatory  in 
accordance  with  the  Federal  Oil  and 
Gas  Royalty  Management  Act  of  1982, 

30  U.S.C.  1701  et  seq. 

(b)  Public  reporting  burden  is 
estimated  to  average  16  hours  for  each 
annual  and  monthly  lease  report, 
including  time  spent  reviewing 
instructions,  searching  existing  data 
sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and 
reviewing  the  collection  of  information. 
Send  comments  regarding  the  burden 
estimate  or  any  other  aspect  of  this 
collection  of  information,  including 
suggestions  for  reducing  burden,  to  the 
Information  Collection  Clearance 
Officer,  Minerals  Management  Service, 
281  Elden  Street,  MS  2300,  Herndon, 
Virginia  22070;  and  to  the  Office  of 
Information  and  Regulatory  Affairs, 
Office  of  Management  and  Budget, 
Paperwork  Reduction  Project  1010-0073, 
Washington,  DC  20503. 

PART  228— COOPERATIVE 
ACTIVITIES  WITH  STATES  AND 
INDIAN  TRIBES 

1.  The  authority  citation  for  part  226  is 
revised  to  read  as  follows: 

Authority:  Section  202,  Pub.  L.  07-451,  96 
Stat.  2457  (30  U.S.C.  1732). 

2.  Section  228.10  under  subpart  A, 
General  Provisions,  is  revised  to  read  as 
follows: 

§  228.10  Information  collection. 

(a)  The  information  collection 
requirements  contained  in  this  part  have 
been  approved  by  OMB  under  44  U.S.C. 
3501  et  seq.  and  assigned  OMB 
Clearance  Number  1010-0087.  The 
information  collected  will  be  used  to 
prepare  a  cooperative  agreement  with  a 
State  or  Indian  tribe  wishing  to  perform 
royalty  audits.  The  information  should 
be  submitted  voluntarily  in  order  to 
enter  into  a  cooperative  agreement 
authorized  by  30  U.S.C.  1732. 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  41869 


(b)  Public  reporting  burden  is 
estimated  to  average  138  hours  for  the 
preparation  of  the  original  request  for 
consideration  and  application  to  enter 
into  a  cooperative  agreement 
Subsequent  requests  for  renewal  of  the 
agreement  may  require  about  40  hours 
for  the  preparation  of  an  annual  budget 
and  work  plan,  and  an  estimated  8  hours 
per  quarter  for  preparation  of  a 
reimbursement  voucher  and  an  audit 
progress  report.  Send  comments 
regarding  this  burden  estimate  or  any 
other  aspect  of  this  collection  of 
information,  including  suggestions  for 
reducing  burden,  to  the  Information 
Collection  Clearance  Officer,  Minerals 
Management  Service,  381  Elden  Street, 
MS  2300,  Hemdon,  Virginia  22070;  and 
to  the  Office  of  Information  and 
Regulatory  Affairs,  Office  of 
Management  and  Budget,  Paperwork 
Reduction  Project  1010-0087, 
Washington,  DC  20503. 

[FR  Doc.  92-21946  Filed  9-11-92;  8:45  am] 

BI  LUNG  COOC  431G-MR-M 


Office  of  Surface  Mining  Reclamation 
and  Enforcement 

30  CFR  Part  914 

Indiana  Permanent  Regulatory 
Program;  Revegetaion— Prime 
Farmland 

agency:  Office  of  Surface  Mining 
Reclamation  and  Enforcement  (OSM), 
Interior. 

ACTION:  Final  rule;  Approval  of 
amendment. 

summary:  OSM  is  announcing  the 
approval  with  certain  exceptions  of  a 
proposed  amendment  to  the  Indiana 
permanent  regulatory  program 
(hereinafter  referred  to  as  the  Indiana 
program)  under  the  Surface  Mining 
Control  and  Reclamation  Act  of  1977 
(SMCRA).  The  amendment  (Program 
Amendment  Number  91-5)  consists  of 
proposed  changes  to  the  Indiana  Surface 
Mining  Rule  provisions  concerning 
prime  farmland  special  performance 
standards.  The  amendment  is  intended 
to  revise  the  existing  standards  for 
revegetation  and  restoration  of  soil 
productivity  on  prime  farmland. 
EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Mr.  Roger  W.  Calhoun,  Acting  Director, 
Indianapolis  Field  Office,  Office  of 
Surface  Mining  Reclamation  and 
Enforcement,  Minton-Capehart  Federal 
Building,  575  North  Pennsylvania  Street, 
room  301,  Indianapolis,  IN  46204, 
Telephone  (317)  226-6166. 
SUPPLEMENTARY  INFORMATION: 


L  Background  on  the  Indiana  Program. 

IL  Submission  of  the  Amendment. 

HI.  Director’s  Findings. 

IV.  Summary  and  Disposition  of  Comments. 

V.  Director's  Decision. 

VI.  Procedural  Determinations. 

I.  Background  on  the  Indiana  Program 

On  July  29, 1982,  the  Indiana  program 
was  made  effective  by  the  conditional 
approval  of  the  Secretary  of  the  Interior. 
Information  pertinent  to  the  general 
background  on  the  Indiana  program, 
including  the  Secretary’s  findings,  the 
disposition  of  comments,  and  a  detailed 
explanation  of  the  conditions  of 
approval  of  the  Indiana  program  can  be 
found  in  the  July  26, 1982,  Federal 
Register  (47  FR  32107).  Subsequent 
actions  concerning  the  conditions  of 
approval  and  program  amendments  are 
identified  at  30  CFR  914.15  and  914.16. 

II.  Submission  of  the  Amendment 

By  letter  dated  May  23, 1991, 
(Administrative  Record  No.  IND-0873), 
the  Indiana  Department  of  Natural 
Resources  (IDNR)  submitted  proposed 
Program  Amendment  Number  91-5  to 
the  Indiana  program  at  Indiana 
Administrative  Code  (IAC)  310 IAC 12- 
5-145  through  310  IAC  12-5-148.  The 
proposed  amendment  would  amend 
existing  310  IAC  12-5  sections  145, 146, 
and  148  by  revising  the  performance 
standards  for  restoring  soil  productivity. 
The  amendment  would  also  repeal  310 
IAC  12-5-147  and  would  add  new  310 
IAC  12-5-148.5  to  create  specific 
standards  for  revegetatian  and 
restoration  of  soil  productivity  on  prime 
farmland. 

OSM  announced  receipt  of  the 
proposed  amendment  in  the  June  27, 
1991,  Federal  Register  (56  FR  29449),  and 
in  the  same  notice,  opened  the  public 
comment  period  and  provided 
opportunity  for  a  public  hearing  on  the 
adequacy  of  the  proposed  amendment. 
The  public  comment  period  ended  on 
July  29, 1991.  The  scheduled  public 
hearing  was  not  held  as  no  one 
requested  an  opportunity  to  provide 
testimony. 

By  letter  dated  September  5, 1991 
(Administrative  Record  No.  IND-0947), 
OSM  responded  to  Indiana’s  proposed 
rules  by  identifying  specific  concerns 
and  requesting  clarification  from 
Indiana.  Indiana  responded  by  letter 
dated  October  10, 1991  (Administrative 
Record  No.  IND-1000).  By  letter  dated 
March  24, 1992  (Administrative  Record 
No.  IND-1049),  OSM  requested 
additional  clarification  concerning 
unresolved  issues.  Indiana  responded  by 
letter  dated  April  29, 1992 
(Administrative  Record  No.  IND-1070). 
The  proposed  rules  were  finally  adopted 


and  published  in  the  Indiana  Register  on 
July  1, 1992  (IR,  V15,  No.  10,  pp.  2167- 
2169). 

III.  Director’s  Findings 

Set  forth  below,  pursuant  to  SMCRA 
and  the  Federal  regulations  at  30  CFR 
732.15  and  732.17,  are  the  Director's 
findings  concerning  the  proposed 
amendment  to  the  Indiana  program.  Any 
revisions  not  specifically  discussed 
below  are  found  to  be  no  less  stringent 
than  SMCRA  and  no  less  effective  than 
the  Federal  regulations.  Revisions  which 
are  not  discussed  below  contain 
language  similar  to  the  corresponding 
Federal  rules,  concern  nonsubstantive 
wording  changes,  or  revise  cross- 
references  and  paragraph  notations  to 
reflect  organizational  changes  resulting 
from  this  amendment. 

L  310  IAC  12-6-145  Scope,  Purpose. 
Applicability 

310  IAC  12-5-145(a)  is  revised  to 
provide  that  310  IAC  12-5  subsections 
145, 146, 148,  and  148.5  set  forth  special 
performance  standards  for  surface  coal 
mining  and  reclamation  operations  on 
prime  farmland. 

310  IAC  12-5-145(b)  is  revised  by 
deleting  the  existing  language  and 
adding  a  provision  that  310 12-5  sections 
145, 146, 148,  and  148.5  do  not  apply  to 
the  following: 

(1)  Coal  preparation  plants,  support 
facilities  and  roads  associated  with 
underground  mines  that  are  actively 
used  over  extended  periods  of  time 
where  such  uses  affect  a  minimal 
amount  of  land;  (2)  Disposal  areas 
containing  coal  mine  waste  resulting 
from  underground  mines  that  is  not 
technologically  and  economically 
feasible  to  store  in  underground  mines 
or  on  nonprime  farmland;  and  (3)  Prime 
farmland  that  has  been  excluded  under 
310  IAC  12-3-98(a). 

The  Director  finds  that  the  proposed 
changes  to  310  IAC  12-5-145  are 
substantively  identical  to  the  Federal 
regulations  at  30  CFR  823.11  concerning 
prime  farmland.  The  Director  notes  that 
30  CFR  823.11(a)  is  suspended  ’’insofar 
as  it  excludes  from  the  requirements  of 
30  CFR  823  those  coal  preparation 
plants,  support  facilities,  and  roads  that 
are  surface  mining  activities"  (50  FR 
7274;  February  21, 1985).  Therefore,  the 
Director  is  approving  310  IAC  12-5-145 
to  the  extent  that  it  is  implemented  in  a 
manner  consistent  with  the  February  21, 
1985,  notice. 

The  Director  also  notes  that  the 
Federal  regulations  at  30  CFR  823.4 
require  the  regulatory  authority  within 
each  State  to  use  the  prime  farmland 
soil-reconstruction  specifications 
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established  by  the  U.S.  Soil 
Conservation  Service  to  carry  out  its 
responsibilities  concerning  prime 
farmland.  The  Indiana  rules  contain  no 
such  requirement.  Therefore,  to  be  no 
less  effective  than  30  CFR  823.4(b)  the 
Director  is  requiring  that  Indiana  amend 
its  program  to  clarify  that  Indiana  will 
use  the  prime  farmland  soil  removal, 
storage,  replacement,  and  reconstruction 
specifications  established  by  the  U.S. 

Soil  Conservation  Service  in  Indiana. 

2.  310 IA  C 12-5-146  Soil  Removal  and 
Stockpiling 

Subsection  310  LAC  12-5-146(a)  is 
revised  by  deleting  all  existing  language 
and  adding  in  its  place  a  requirement 
that  prime  farmland  soils  shall  be 
removed  from  the  areas  to  be  disturbed 
before  drilling,  blasting,  or  mining. 

Subsection  310  LAC  12-5-146(b)  is 
revised  by  deleting  most  of  the  existing 
language  and  adding  new  language. 
Revised  subsection  (b)  requires  that  the 
minimum  depth  of  soil  and  substitute 
soil  materials  to  be  removed  and  stored 
for  use  in  the  reconstruction  of  prime 
farmland  shall  be  sufficient  to  meet  the 
requirements  of  section  148(b)  of  310 
LAC  12-5. 

New  subsection  310  LAC  12-5-146(c) 
establishes  the  soil  removal  and 
stockpiling  requirements.  Subsection  310 
LAC  12-5-148(c)(l)  requires  the  separate 
removal  of  the  topsoil  or  other  suitable 
soil  materials  where  the  other  soil 
materials  will  create  a  final  soil  having  a 
greater  productive  capacity  than  that 
which  existed  prior  to  mining.  The 
provision  also  requires  that  if  not  used 
immediately,  this  material  shall  be 
placed  in  stockpiles  separate  from  the 
spoil  and  all  other  excavated  materials. 

The  Federal  regulations  at  30  CFR 
701.5  defined  "topsoil”  to  include  both 
the  “A”  and  "E”  horizons.  Indiana’s 
definition  of  "topsoil”  at  310  LAC  12-1-3 
defines  “topsoil”  to  mean  the  A  soil 
horizon  layer  of  the  three  major  soil 
horizons  (A,  B,  and  C  horizons).  By  letter 
dated  April  29, 1992  (Administrative 
Record  No.  IND-1076),  Indiana  stated 
that  it  uses  the  “A2”  nomenclature 
which  appears  in  most  of  the  published 
county  soil  surveys  in  the  coal  mining 
region  of  Indiana.  The  “E”  horizon  as 
used  in  the  Federal  regulations  is  the 
current  nomenclature  for  the  "A2" 
horizon  in  the  Indiana  soil  surveys 
referenced  above.  The  Director  finds, 
therefore,  that  proposed  310  LAC  12-5- 
146(c)(1)  is  substantively  identical  to  the 
Federal  regulations  at  30  CFR 
823.12(c)(1). 

New  subsection  310  LAC  12-5- 
146(c)(2)  requires  the  separate  removal 
of  the  "B”  and  "C”  horizons,  or  other 
suitable  soil  material  to  provide  the 


thickness  of  suitable  soil  required  by  310 
IAC  12-5-148(b),  except  as  approved  by 
the  director  of  IDNR  where  the  “B”  or 
"C”  horizon  would  not  otherwise  be 
removed  and  where  soil  capabilities  can 
be  retained.  The  Director  finds  the 
proposed  language  is  substantively 
identical  to  the  Federal  regulations  at  30 
CFR  823.12(c)(2). 

New  subsection  310  LAC  12-5-146(d) 
requires  that  stockpiles  shall  be  placed 
consistent  with  sections  310  LAC  12-5- 
12.1(d)(1)  through  12.1(d)(2)  or  sections 
310  IAC  12-5-78.1(d)(l)  through 
78.1(d)(2).  If  left  in  place  for  more  than 
30  days,  stockpiles  shall  satisfy  sections 
310  IAC  12-5-12.1  or  310  IAC  12-5-78.1. 

The  proposed  language  is 
substantively  identical  to  the 
counterpart  Federal  language  at  30  CFR 
823.12(d)  except  that  the  Federal 
regulations  require  the  stockpiles  to  be 
placed  “within  the  permit  area,” 
whereas  the  proposed  language,  by 
referencing  310  LAC  12-5-12.1  (d)  and  12- 
5-78.1  (d)  would  allow  the  stockpiling 
“within  the  permit  area  or  within  other 
bonded  permit  areas  of  the  same 
permittee.”  The  approved  Indiana 
program  currently  authorizes  the 
stockpiling  of  topsoil  for  nonprime 
farmland  under  sections  310  IAC  12-5- 
12.1(d)  and  310  IAC  12-5-78.1(d).  The 
proposed  language  would  allow 
increased  flexibility  in  stockpiling  prime 
farmland  topsoil  as  is  currently  provided 
with  nonprime  farmland  topsoil  without 
lessening  the  protective  standards  for 
the  stockpiles.  That  is,  the  approved 
topsoil  removal  and  replacement  criteria 
will  still  be  met,  the  approved  bonding 
criteria  will  still  be  met,  and  the 
requirement  to  protect  the  stockpiled 
material  from  erosion  and 
contamination  will  still  be  met.  The 
Director  finds,  therefore,  that  the 
proposed  language  is  not  inconsistent 
with  the  Federal  regulations  at  30  CFR 
823.12(d). 

3.  310  IAC  12-5-148  Soil  Replacement 

Subsection  310  IAC  12-5-148(a) 
(formerly  subsection  148(1))  has  been 
revised  to  require  that  the  reconstructed 
soil  and  soil  material  will  have  the 
capacity  of  achieving  levels  of  yield 
equal  to,  or  higher  than,  those  of 
nonmined  prime  farmland  in  the 
surrounding  area.  The  Director  finds  the 
proposed  language  to  be  no  less 
effective  than  the  Federal  standard  at  30 
CFR  823.14(a)  which  provides  an 
identical  standard. 

Indiana  proposes  to  delete  subsection 
310  LAC  12-5-148(2)  and  to  add  new 
subsection  310  IAC  12-5-148(b).  This 
new  provision  specifies  the  minimum 
depth  of  soil  and  substitute  soil  material 
to  be  reconstructed.  The  Director  finds 


that  the  proposed  language  is 
substantively  identical  to  the 
counterpart  Federal  requirement  at  30 
CFR  823.14(b). 

Subsection  310  IAC  12-5-148(c) 
(formerly  148(3))  is  amended  to  require 
that  the  soil  horizons  or  other  root  zone 
material  be  replaced  and  regraded  to  a 
uniform  depth  and  in  a  manner  that 
avoids  excessive  compaction.  The 
Director  finds  that  the  proposed 
language  is  substantively  identical  to 
the  counterpart  Federal  regulation  at  30 
CFR  823.14(c). 

Subsection  310  IAC  12-5-148(d) 
(formerly  148(4))  is  amended  to  require 
that  the  operator  shall  replace  the  B 
horizon,  C  horizon,  or  other  suitable 
material  specified  in  310  LAC  12-5- 
146(c)(2)  to  the  thickness  needed  to  meet 
the  requirements  of  310  LAC  12-5-148(b). 
In  addition,  new  language  is  added 
which  requires  that  in  an  area  where  the 
B  horizon  or  C  horizon  is  not  removed, 
but  may  have  been  compacted  or 
otherwise  damaged  during  the  mining 
operation,  the  operator  shall  engage  in 
deep  tilling  or  other  appropriate  means 
to  restore  premining  capacities.  The 
Director  finds  that  with  the  proposed 
language,  310  LAC  12-5-148(d)  is 
substantively  identical  to  the 
counterpart  Federal  regulation  at  30  CFR 
823.14(d). 

Subsection  310  LAC  12-5-148(e)  is 
amended  to  require  that  the  topsoil  or 
other  suitable  soil  material  which  is 
replaced  shall  equal  or  exceed  the 
thickness  of  the  original  surface  soil 
layer  as  determined  by  the  soil  survey. 
The  Director  finds  that  with  the  new 
language,  310  LAC  12-5-148(e)  is 
substantively  identical  to  the 
counterpart  Federal  regulations  at  30 
CFR  823.14(e). 

4.  310  IA  C  12-5-148.5  Revegetation 
and  Restoration  of  Soil  Productivity 

New  subsection  310  LAC  12-5-148.5(a) 
requires  that  following  prime  farmland 
soil  replacement,  the  soil  surface  shall 
be  stabilized  with  a  vegetative  cover  or 
other  means  that  effectively  controls  soil 
loss  by  wind  and  water  erosion.  The 
Director  finds  that  the  proposed 
language  is  identical  to  the  counterpart 
Federal  regulations  at  30  CFR  823.15(a). 

New  subsection  310  LAC  12-5-148.5(b) 
adds  ten  standards  under  which  prime 
farmland  soil  productivity  shall  be 
restored. 

Proposed  subsection  (b)(1)  provides 
that  measurement  of  soil  productivity 
shall  be  initiated  within  10  years  after 
completion  of  the  soil  replacement.  This 
provision  is  identical  to  the  counterpart 
Federal  regulation  at  30  CFR 
823.15(b)(1). 
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Proposed  subsection  (b)(2)  provides 
that  soil  productivity  on  the  mined  and 
reclaimed  prime  farmland  area  shall  be 
measured  using  one  of  the  following 
methods:  (A)  Growing  crops  on  a 
representative  sample  of  the  area  using 
the  test  plot  standards  of  310  LAC  12-5- 
64.2;  (2)  Growing  crops  on  all  of  the 
area.  This  provision  is  substantively 
identical  to  30  CFR  823.15(b)(2)  which 
also  provides  that  soil  productivity  may 
be  measured  on  a  representative  sample 
or  the  entire  mined  and  reclaimed  land. 

Proposed  subsection  (b)(3)  provides 
that  the  sampling  techniques  contained 
in  310  LAC  12-5-64.2  and  the  statistical 
methodology  contained  in  310  LAC  12-5- 
64 J3  shall  be  used  to  measure  soil 
productivity.  This  provision  is  consistent 
with  30  CFR  823.15(b)(2)  which  provides 
that  soil  productivity  shall  be  measured 
using  a  statistically  valid  sampling 
technique  at  a  90-percent  or  greater 
statistical  confidence  level  approved  by 
the  regulatory  authority  in  consultation 
with  the  U.S.  Soil  Conservation  Service 
(SCS).  Indiana  provided  administrative 
record  information  to  show  that  its 
proposed  use  of  the  90-percent 
confidence  level  was  developed  in 
consultation  with  the  SCS 
(Administrative  Record  No.  IND-1000). 

Proposed  subsection  (b)(4)  provides 
that  the  period  for  measuring  crop 
production  (yield)  shall  be  at  least  three 
crop  years  before  the  release  for  the 
operator’s  performance  bond.  This 
provision  is  substantively  identical  to 
the  counterpart  Federal  regulation  at  30 
CFR  823.15(b)(3). 

Proposed  subsection  (b)(5)  provides 
that  the  level  of  management  applied 
during  the  measurement  period  shall  be 
the  same  as  the  level  of  management 
used  for  nonmined  prime  farmland  in 
the  surrounding  area.  This  provision  is 
substantively  identical  to  the 
counterpart  Federal  regulation  at  30  CFR 
823.15(b)(5). 

Proposed  subsection  (b)(6)  provides 
that  restoration  of  soil  productivity  is 
achieved  when  the  yield  during  the 
measurement  period  equals  or  exceeds 
100  percent  of  the  success  standard 
found  at  310  IAC  12-5-64.1(c)  for  any 
three  years  of  the  responsibility  period. 
Proposed  (b)(6)  also  provides  that  100 
percent  of  the  success  standard  must  be 
met  with  a  90  percent  statistical 
confidence  level,  i.e.,  a  one-sided  test 
with  one  tenth  (0.10)  alpha  error.  The 
proposed  language  further  provides  that 
where  reference  crops  are  used  for 
demonstrating  productivity,  the  yield 
comparisons  shall  be  established  for  the 
same  period  for  nonmined  soils  of  the 
same  or  similar  texture  or  slope  phase  of 
the  soil  series  in  the  surrounding  area 
under  equivalent  management  practices. 


The  Director  finds  that  the  proposed 
provision  at  310  LAC  12-5-148.5(b)(6)  is 
substantively  identical  to  and  no  less 
effective  than  the  Federal  regulations  at 
30  CFR  823.15(b)(5). 

Proposed  subsection  (b)(7)  provides 
that  the  reference  crop  on  which 
restoration  of  soil  productivity  is  proven 
shall  be  selected  from  the  crops  most 
commonly  produced  on  the  surrounding 
prime  farmland.  The  Director  finds  that 
the  proposed  rule  is  substantively 
identical  to  and  no  less  effective  than 
the  Federal  regulations  at  30  CFR 
823.15(b)(6). 

Proposed  subsection  (b)(8)  provides 
that  the  reference  crop  yield  may  be 
adjusted  for  factors  including  disease, 
weather,  tillage  management,  pests,  and 
seed  or  plant  selection  specified  in  310 
IAC  12-5-64.1(c).  The  proposed 
provision,  including  the  reference  to  310 
IAC  12-5-84.1(c),  is  substantively 
identical  to  the  Federal  regulations  at  30 
CFR  823.15(b)(8). 

Proposed  subsection  (b)(9)  provides 
that  in  determining  the  period  of 
responsibility  under  310  IAC  12-4-7  the 
Director  of  IDNR  may  approve  selective 
husbandry  practices  (except  for 
augmented  seeding,  fertilization,  or 
irrigation)  without  extending  the  period 
of  responsibility  for  revegetation 
success  and  bond  liability  if:  The 
practices  can  be  expected  to  continue  as 
part  of  the  postmining  land  use;  or 
discontinuance  of  the  practices  after  the 
liability  period  will  not  reduce  the 
probability  of  permanent  revegetation 
success.  The  proposed  provisions  are 
substantively  identical  to  the  Federal 
regulations  at  30  CFR  816/817.116(c)(4) 
which  also  authorize  regulatory 
approval  of  selective  husbandry 
practices. 

Proposed  subsection  (b)(10)  identifies 
the  selective  husbandry  practices  which 
may  be  approved  under  310  LAC  12-5- 
148.5(b)(9).  The  proposed  provision 
provides  that  selective  husbandry 
practices  which  may  be  approved  must 
be  normal  conservation  practices  within 
the  region  for  unmined  lands  having 
land  uses  similar  to  the  approved 
postmining  land  use  of  the  disturbed 
area.  The  following  selective  husbandry 
practices  are  proposed:  (1)  Disease,  pest, 
and  vermin  control;  (2)  repair  of  rills  and 
gullies;  and  (3)  pruning,  reseeding,  or 
transplanting  specifically  necessitated 
by  these  practices.  With  the  exception 
of  repair  of  rills  and  gullies,  the 
proposed  language  is  substantively 
identical  to  the  Federal  regulations  at  30 
CFR  816/817.110(c)(4).  Rill  and  gully 
repair  as  a  normal  husbandry  practice  is 
currently  a  part  of  the  approved  Indiana 
program  at  310  IAC  12-5-64(b).  In  letters 
submitted  by  Indiana  (Administrative 


Record  No.  IND-0999  and  IND-1001) 
dated  October  10, 1991,  Indiana  stated 
that  routine  repair  of  rills  and  gullies  is  a 
normal  conservation  practice  engaged  in 
by  landowners  in  southwestern  Indiana 
on  cropland  and  pasture  land,  and 
encouraged  by  the  Soil  Conservation 
Service.  In  addition,  Indiana  stated  that 
the  Indiana  rule  does  not  provide  a 
blanket  approval  for  rill  and  gully 
repair,  but  allows  approval  on  a  case- 
by-case  basis. 

The  proposed  provision  is  no  less 
effective  than  the  Federal  Regulations. 
The  Director  notes  that  30  CFR  816/ 
817.116(c)(4)  also  provides  that  prior 
approval  of  proposed  selective 
husbandry  practices  must  be  obtained 
from  OSM  in  accordance  with  30  CFR 
732.17.  Therefore,  any  additional 
selective  husbandry  practices  which 
Indiana  may  wish  to  add  to  the  list  of 
approved  selective  husbandry  practices 
at  310  IAC  12-5-148.5(b)  (10)  must  first 
be  submitted  to  and  approved  by  OSM 
as  a  state  program  amendment  under  30 
CFR  732.17. 

In  letters  to  Indiana  dated  September 
5, 1991,  and  March  24, 1992 
(Administrative  Record  No.  IND-0947 
and  IND-1049,  respectively),  OSM 
stated  that  proposed  310  IAC  12-5- 
148.5(b)  does  not  appear  to  have  a 
counterpart  to  30  CFR  823.15(b)(7)  which 
provides  that  reference  crop  yields  for  a 
given  crop  season  are  to  be  determined 
from:  (1)  Current  yield  records  of 
representative  local  farms  in  the 
surrounding  area,  with  concurrence  by 
the  U.S.  Soil  Conservation  Service;  or  (2) 
the  average  county  yields  recognized  by 
the  U.S.  Department  of  Agriculture, 
which  have  been  adjusted  by  the  U.S. 
Soil  Conservation  Service  for  local  yield 
variation  within  the  county  that  is 
associated  with  differences  between 
nonmined  prime  farmland  soil  and  all 
other  soils  that  produce  the  reference 
crop. 

In  response  Indiana  stated 
(Administrative  Record  No.  IND-1000), 
that  it  is  the  IDNR’s  opinion  that  the 
counterpart  to  30  CFR  823.15(b)(7)  is 
contained  at  310  LAC  12-5-64.1  (c)(3) 
and  (c)(6).  Indiana  also  stated 
(Administrative  Record  No.  IND-1076) 
that  the  rules  at  310  IAC  12-5-64.1  (d) 
provide  that  a  reference  area  used  to 
establish  success  standards  must:  (a)  Be 
representative  of  the  geology,  soils, 
slopes,  and  vegetation  of  the  area  to  be 
represented;  (b)  be  managed  identical  to 
the  area  to  be  represented;  and  (c)  must 
be  within  20  miles  of  the  area  to  be 
represented.  The  Director  finds  that  the 
requirements  identified  above  are  no 
less  effective  than  the  Federal 
requirement  at  30  CFR  823.15(b)(7) 
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which  provides  that  reference  crop 
yields  must  be  representative  of  local 
farms  in  the  surrounding  area. 

However,  the  proposed  Indiana  rules 
for  prime  farmland  do  not  require,  by 
reference,  the  use  of  the  Indiana  rules  at 
310 IAC  12-5-64.1  (c)(3),  (c)(6),  and  (d) 
which  concern  nonprime  farmland.  Nor 
do  the  proposed  Indiana  rules  provide 
that  the  selection  of  a  reference  area  be 
accomplished  with  concurrence  by  the 
SCS.  Therefore,  to  be  no  less  effective 
than  30  CFR  823.15(b)(7),  the  Director  is 
requiring  that  Indiana  amend  its  rules  at 
310  IAC  12-5-148.5(b)  by  adding  that  the 
selection  of  reference  areas  will  be 
guided  by  the  rules  at  310  IAC  12-5-64.1 
(c)(3),  (c)(6)  and  (d)  and  that  the 
selection  of  an  approved  reference  area 
must  be  accomplished  with  concurrence 
by  the  SCS  as  is  required  by  30  CFR 
823.15(b)(7)(i). 

The  Director  finds,  except  as 
discussed  above,  that  the  proposed 
provision  at  310  IAC  12-5-148.5  are  no 
less  effective  than  the  Federal 
regulations  at  30  CFR  823.15. 

5.  310  IAC  12-5-147  Soil  Stockpiling 

Indiana  proposes  to  delete  310  IAC 
12-5-147  from  the  Indiana  program  and 
add  the  prime  farmland  soil  stockpiling 
requirements  to  310  IAC  12-5-146  (see 
Finding  2  above).  The  Director  finds  that 
deletion  of  310  IAC  12-5-147  and  the 
relocation  of  the  stockpiling 
requirements  to  section  310  IAC  12-5- 
146  does  not  render  the  Indiana  program 
less  effective  than  the  Federal 
regulations. 

IV.  Summary  and  Disposition  of 
Comments 

Agency  Comments 

Pursuant  to  section  503(b)  of  SMCRA 
and  30  CFR  732.17{h)(U)(i),  comments 
were  solicited  from  various  interested 
Federal  agencies.  The  U.S.  Fish  and 
Wildlife  Service,  the  U.S.  Bureau  of 
Mines,  and  the  U.S.  Department  of 
Agriculture,  Forest  Service  responded 
and  had  no  comments.  The  U.S. 
Environmental  Protection  Agency 
responded  that  it  has  no  comments  and 
concurs  with  the  proposed  amendments. 
The  Mine  Safety  and  Health 
Administration  (MSHA)  responded  and 
had  found  no  conflict  with  30  CFR  under 
which  MSHA  operates. 

The  U.S.  Soil  Conservation  Service 
(SCS)  responded  and  stated  its  concern 
with  310  IAC  12-5-148(e),  which  states 
that  soil  "be  replaced  in  a  manner  that 
protects  the  surface  layer  from  wind  and 
water  erosion  before  it  is  seeded  or 
planted.”  Specifically,  the  SCS  stated 
that  protection  from  wind  and  water 
erosion  will  not  be  accomplished  by  the 


method  of  soil  replacement,  but  will  be 
accomplished  by  vegetating  the 
material.  The  Director  agrees  with  the 
SCS  in  that  revegetating  the  replaced 
soil  is  the  key  to  protection  from  wind 
and  water  erosion.  The  Director  notes 
that  the  Indiana  program  at  310  IAC  12- 
5-148(f)  and  310  IAC  12-5-148.5(a) 
specifically  require  rapid  revegetation. 
However,  in  those  circumstances  where 
rapid  revegetation  may  be  impossible 
(e.q.  winter  season),  Indiana's 
provisions  will  provide  an  important 
measure  of  protection  against  wind  and 
water  erosion. 

Public  Comments 

The  public  comment  period  and 
opportunity  to  request  a  public  hearing 
was  announced  in  the  June  27, 1991, 
Federal  Register  (56  FR  29449).  The 
comment  period  closed  on  July  29, 1991. 
No  comments  were  received  during  the 
comment  period,  and  no  one  requested 
an  opportunity  to  testify  at  the 
scheduled  public  hearing  so  no  hearing 
was  held. 

In  a  letter  received  by  OSM  on 
September  30, 1991  (Administrative 
Record  No.  IND-0978),  a  commenter 
opposed  changes  to  310  IAC  12-5-145(b) 
which  would  exempt  coal  preparation 
plants  from  the  prime  farmland 
requirements  at  310  IAC  12-5-145 
through  148.5.  The  commenter  stated 
that  the  land  should  be  returned  to  its 
premine  state  as  prime  farmland. 

In  response,  the  Director  notes  that 
Indiana’s  proposed  language  at  310  LAC 
12-5-145(b)  is  substantively  identical  to 
the  counterpart  Federal  regulations  at  30 
CFR  823.11(a).  That  is,  the  special 
performance  standards  for  prime 
farmland  at  30  CFR  823.11(a)  do  not 
apply  to  coal  preparation  plants  of 
underground  mines  that  are  actively 
used  over  extended  periods  of  time  and 
where  such  uses  affect  a  minimal 
amount  of  land.  Therefore,  Indiana’s 
proposed  amendment  is  no  less  effective 
than  the  counterpart  Federal  regulations 
which  set  the  minimum  standards  for 
the  Indiana  regulatory  program. 

The  Director  notes,  however,  that  the 
special  performance  standards  for 
operations  on  prime  farmland  do  pertain 
to  surface  coal  mining  operations  (see  50 
FR  7274;  February  21, 1985).  That  is, 
prime  farmland  occupied  by  all  coal 
preparation  plants,  support  facilities, 
and  roads  that  are  part  of  surface 
mining  activities  must  meet  the 
applicable  prime  farmland  performance 
standards.  This  conclusion  is  based  on  a 
court  decision.  In  Re:  Permanent  Surface 
Mining  Regulation  Litigation  (II),  No.  79- 
1144  (D.D.C.  1984)  (In  Re:  Permanent  II). 
The  proposed  Indiana  language  which 
would  exempt  coal  preparation  plants^ 


support  facilities,  and  roads  associated 
with  underground  mines  from  the 
special  performance  standards  for  prime 
farmland  is  consistent  with  the  court’s 
decision. 

V.  Director’s  Decision 

Based  on  the  above  findings,  the 
Director  is  approving,  with  certain 
exceptions,  proposed  Program 
Amendment  Number  91-5  as  submitted 
by  Indiana  on  May  23, 1991.  As 
discussed  in  Finding  1,  the  Director  is 
approving  310  IAC  12-5-145  to  the 
extent  that  it  is  implemented  in  a 
manner  consistent  with  the  February  21, 
1985,  suspension  of  30  CFR  823.11(a)  (50 
FR  7274),  and  the  Director  is  requiring 
that  Indiana  amend  310  IAC  12-5-145  to 
require  that  soil  reconstruction  be 
carried  out  in  accordance  with  any 
"specifications’’  of  the  U.S.  Soil 
Conservation  Service. 

As  discussed  in  Finding  4,  the  Director 
is  requiring  that  Indiana  amend  the 
Indiana  program  by  adding:  that  the 
selection  of  reference  areas  will  be 
guided  by  the  rules  at  310  LAC  12-5-64.1 
(c)(3),  (c)(6),  and  (d),  and  that  the 
selection  of  an  approved  reference  area 
must  be  accomplished  with  concurrence 
by  the  SCS  as  is  required  by  30  CFR 
823.15(b)(7). 

The  Federal  regulations  at  30  CFR  part 
914  codifying  decisions  concerning  the 
Indiana  program  are  being  amended  to 
implement  this  decision.  This  final  rule 
is  being  made  effective  immediately  to 
expedite  the  State  program  amendment 
process  and  to  encourage  the  states  to 
conform  their  programs  with  the  Federal 
standards  without  delay.  Consistency  of 
State  and  Federal  standards  is  required 
by  SMCRA. 

Effect  of  Director's  Decision 

Section  503  of  SMCRA  provides  that  a 
State  may  not  exercise  jurisdiction 
under  SMCRA  unless  the  State  program 
is  approved  by  the  Secretary.  Similarly, 
30  CFR  732.17(a)  requires  that  any 
alteration  of  an  approved  State  program 
be  submitted  to  OSM  for  review  as  a 
program  amendment.  Thus,  any  changes 
to  the  State  program  are  not  enforceable 
until  approved  by  OSM.  The  Federal 
regulations  at  30  CFR  732.17(g)  prohibit 
any  unilateral  changes  to  approved 
State  programs.  In  his  oversight  of  the 
Indiana  program,  the  Director  will 
recognize  only  the  statutes,  regulations 
and  other  materials  approved  by  him, 
together  with  any  consistent 
implementing  policies,  directives  and 
other  material^  and  will  require  the 
enforcement  by  Indiana  of  only  such 
provisions. 
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EPA  Concurrence 

Under  30  CFR  732.17(h)(ll)(ii),  the 
Director  is  required  to  obtain  the  written 
concurrence  of  the  Administrator  of  the 
Environmental  Protection  Agency  (EPA) 
with  respect  to  any  provisions  of  a  State 
program  amendment  that  relate  to  air  or 
water  quality  standards  promulgated 
under  the  authority  of  the  Clean  Water 
Act  (33  U.S.C.  1251  et  seq .)  or  the  Clean 
Air  Act  (42  U.S.C.  7401  et  seq.).  The 
Director  has  determined  that  this 
amendment  contains  no  provisions  in 
these  categories  and  that  EPA’s 
concurrence  is  not  required.  However, 
EPA  responded  to  the  Director's  request 
for  comments  and  stated  that  EPA  had 
no  comments  and  that  it  concurred  on 
the  proposed  amendment  >> 
(Administrative  Record  No.  IND-0944). 

VL  Procedural  Determinations 

Executive  Order  12291 

On  July  12, 1984,  the  Office  of 
Management  and  Budget  (OMB)  granted 
OSM  an  exemption  from  sections  3,  4,  7 
and  8  of  Executive  Order  12291  for 
actions  related  to  approval  or 
conditional  approval  of  State  regulatory 
programs,  actions  and  program 
amendments.  Therefore,  preparation  of 
a  regulatory  impact  analysis  is  not 
necessary  and  OMB  regulatory  review  is 
not  required. 

Executive  Order  12778 

The  Department  of  the  Interior  has 
conducted  the  reviews  required  by 
section  2  of  Executive  Order  12778  and 
has  determined  that,  to  the  extent 
allowed  by  law,  this  rule  meets  the 
applicable  standards  of  subsections  (a) 
and  (b)  of  that  section.  However,  these 
standards  are  not  applicable  to  the 
actual  language  of  State  regulatory 
programs  and  program  amendments 
since  each  such  program  is  drafted  and 
promulgated  by  a  specific  State,  not  by 
OSM.  Under  sections  503  and  505  of 
SMCRA  (30  U.S.C.  1253  and  1255)  and  30 
CFR  730.11,  732.13  and  732.17(h)(10), 
decisions  on  proposed  State  regulatory 
programs  and  program  amendments 
submitted  by  the  States  must  be  based 
solely  on  a  determination  of  whether  the 
submittal  is  consistent  with  SMCRA  and 
its  implementing  Federal  regulations  and 
whether  the  requirements  of  30  CFR 
parts  730,  731,  and  732  have  been  met. 

National  Environmental  Policy  Act 

No  environmental  impact  statement  is 
required  for  this  rule  since  section  702(d) 
of  SMCRA  (30  U.S.C.  1292(d))  provides 
that  agency  decisions  on  proposed  State 
regulatory  program  provisions  do  not 
constitute  major  Federal  actions  within 
the  meaning  of  section  102(2)(c)  of  the 


National  Environmental  Policy  Act  42 
U.S.C.  4332(2)(C). 

Paperwork  Reduction  Act 

This  rule  does  not  contain  information 
collection  requirements  which  require 
approval  by  the  Office  of  Management 
and  Budget  under  the  Paperwork 
Reduction  Act  44  U.S.C.  3507  et  seq. 

Regulatory  Flexibility  Act 

The  Department  of  the  Interior  has 
determined  that  this  rule  will  not  have  a 
significant  economic  impact  on  a 
substantial  number  of  entities  under  the 
Regulatory  Flexibility  Act  (5  U.S.C.  601 
et  seq.).  The  State  submittal  which  is  the 
subject  of  this  rule  is  based  upon 
counterpart  Federal  regulations  for 
which  an  economic  analysis  was 
prepared  and  certification  made  that 
such  regulations  would  not  have  a 
significant  economic  effect  upon  a 
substantial  number  of  small  entities. 
Hence,  this  rule  will  ensure  that  existing 
requirements  previously  promulgated  by 
OSM  will  be  implemented  by  the  State. 
In  making  the  determination  as  to 
whether  this  rule  would  have  a 
significant  economic  impact,  the 
Department  relied  upon  the  data  and 
assumptions  for  the  counterpart  Federal 
regulations. 

List  of  Subjects  in  30  CFR  Part  914 

Intergovernmental  relations,  Surface 
mining,  Underground  mining. 

Dated:  June  12, 1992. 

Jeffrey  D.  Jarrett, 

Acting  Assistant  Director,  Eastern  Support 
Center. 

For  the  reasons  set  out  in  the 
preamble,  title  30,  chapter  VII, 
subchapter  T  of  the  Code  of  Federal 
Regulations  is  amended  as  set  forth 
below: 

PART  914— INDIANA 

1.  The  authority  citation  for  part  914 
continues  to  read  as  follows: 

Authority:  30  U.S.C.  1201  et  seq. 

2.  Section  914.15  is  amended  by 
adding  a  new  paragraph  (oo)  to  read  as 
follows: 

§  914.15  Approval  of  regulatory  program 
amendments. 

***** 

(oo)  The  following  amendment 
(Program  Amendment  Number  91-5)  to 
the  Indiana  program  as  submitted  to 
OSM  on  May  23, 1991,  is  approved, 
except  as  noted  herein  effective 
September  14. 1992:  310 IAC  12-5-145 
concerning  the  scope,  purpose, 
applicability,  and  responsibility  of  the 
prime  farmland  rules  to  the  extent  it  is 


implemented  in  a  manner  consistent 
with  the  suspension  of  30  CFR  823.11(a) 
(50  FR  7274;  February  21, 1985);  310  IAC 
12-5-148  concerning  soil  removal  and 
stockpiling;  the  deletion  of  310  IAC  12- 
5-147;  310  LAC  12-5-148  concerning  soil 
replacement;  and  310  IAC  12-5-148.5 
concerning  revegetation  and  restoration 
of  soil  productivity. 

3.  In  section  914.16,  paragraphs  (1)  and 
(m)  are  added  to  read  as  follows: 

§  914.16  Required  program  amendments. 

***** 

(l)  By  January  4, 1993,  Indiana  shall 
amend  310  LAC  12-5-145(c)  to  require 
that  soil  reconstruction  be  carried  out  in 
accordance  with  any  “specifications”  of 
the  U.S.  Soil  Conservation  Service. 

(m)  By  January  4, 1993,  Indiana  shall 
amend  310  IAC  12-5-148.5(b)  by  adding 
that  the  selecting  of  reference  areas  will 
be  guided  by  the  rules  at  310  IAC  12-5- 
64.1  (c)(3),  (c)(6),  and  (d),  and  that  the 
selection  of  an  approved  reference  area 
must  be  accomplished  with  concurrence 
by  the  U.S.  Soil  Conservation  Service  as 
is  required  by  30  CFR  823.15(b)(7)(i). 

(FR  Doc.  92-21999  Filed  9-11-92;  8:45  am) 

BILLING  CODE  4310-05-M 


DEPARTMENT  OF  TRANSPORTATION 
Coast  Guard 
33  CFR  Part  117 
[CGD7-92-14] 

Drawbridge  Operation  Regulations; 
Gulf  Intracoastal  Waterway,  Florida 

AGENCY:  Coast  Guard,  DOT. 
action:  Final  rule. 

SUMMARY:  At  the  request  of  Gasparilla 
Island  residents  and  Gaspar  Inc.,  the 
bridge  owner,  the  Coast  Guard  is 
changing  the  operating  regulations 
governing  the  Gasparilla  Island 
Swingbridge,  mile  34.3  at  Placida,  by 
permitting  the  number  of  openings  to  be 
limited  during  certain  periods.  This 
change  is  being  made  to  relieve 
vehicular  congestion  due  to  back-to- 
back  openings  while  still  meeting  the 
reasonable  needs  of  navigation. 
EFFECTIVE  DATE:  October  29, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 
Ian  MacCartney,  Project  Manager, 
Bridge  Section,  at  (305)  538-4103. 
SUPPLEMENTARY  INFORMATION: 

Drafting  Information 

The  principal  persons  involved  in 
drafting  this  document  are  Ian 
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MacCartney,  Project  Manager,  and  LT.  J. 
M.  Losego,  Project  Counsel. 

Regulatory  History 

On  April  6, 1992,  the  Coast  Guard 
published  a  notice  of  proposed 
rulemaking  entitled  Drawbridge 
Operation  Regulations,  Gulf  Intracoastal 
Waterway,  FL,  in  the  Federal  Register 
{57  FR  11591).  A  public  hearing  was  not 
requested  and  one  was  not  held. 

Background  and  Purpose 

This  drawbridge  presently  opens  on 
signal.  Gasparilla  Island  residents  and 
the  bridge  owner  requested  that  bridge 
be  allowed  to  open  only  on  the  hour  and 
half-hour  between  10  a.m.  and  3  p.m. 
daily  to  reduce  traffic  delays.  A  Coast 
Guard  evaluation  of  the  data  concluded 
that  highway  traffic  levels  and 
frequency  of  bridge  openings  did  not 
justify  the  proposed  opening  schedule. 
However,  in  order  to  eliminate  back-to- 
back  openings  which  created  traffic 
congestion,  a  15  minute  opening 
schedule  was  tested  during  the  heavier 
tourist  season  and  found  to  be 
satisfactory. 

Discussion  of  Comments  and  Changes 

The  Coast  Guard  received  40  letters 
commenting  on  the  proposal.  Thirty 
seven  letters  were  in  support  of  the 
proposal  including  one  letter  from  a 
fishing  guide  association  representing  50 
members.  One  letter  expressed  concern 
for  safety  of  navigation  while  holding 
for  a  bridge  opening  due  to  the  close 
proximity  of  a  removed  railroad  bridge's 
approaches. 

An  on-site  investigation  by  the  Coast 
Guard  determined  that  sufficient  holding 
area  is  available  on  both  sides  of  the 
railroad  structure  to  allow  safe  holding 
by  vessels  for  a  15  minute  opening 
schedule.  Two  letters  recommended  a  30 
minute  schedule  instead  of  15  minute 
openings.  Several  letters  expressed 
concern  about  the  operation  of  the 
bridge.  No  additional  information  was 
provided  that  warrants  a  change  to  the 
proposed  rule.  The  final  rule  is 
unchanged  from  the  proposed  rule 
except  for  the  date  ending  the  seasonal 
regulated  period  each  year  which  has 
been  changed  from  May  30  to  read  May 
31. 

Regulatory  Evaluation 

These  regulations  are  not  considered 
to  be  major  under  Executive  Order  12291 
and  not  significant  under  the 
Department  of  Transportation 
Regulatory  Policies  and  Procedures  (44 
FR  11040;  February  26, 1979).  The  Coast 


Guard  expects  the  economic  impact  of 
this  final  rule  to  be  so  minimal  that  a  hill 
regulatory  evaluation  is  unnecessary. 

We  conclude  this  because  the  rule 
exempts  tugs  with  tows. 

Small  Entities 

Under  the  Regulatoiy  Flexibility  Act 
(5  U.S.C.  601  et  seq.},  the  Coast  Guard 
must  consider  whether  this  change  will 
have  a  significant  economic  impact  on  a 
substantial  number  of  small  entities. 

“Small  entities”  include 
independently  owned  and  operated 
small  businesses  that  are  not  dominant 
in  their  field  and  that  otherwise  qualify 
as  “small  business  concerns”  under 
section  3  of  the  Small  Business  Act  (15 
U.S.C.  632).  Sinoe  tugs  with  tows  are 
exempt  from  this  rule,  the  economic 
impact  is  expected  to  be  minimal. 
Therefore,  the  Coast  Guard  certifies 
under  section  605(b)  of  the  Regulatory 
Flexibility  Act  (5  UJ3.C.  601  et  seq.)  that 
this  change  will  not  have  a  significant 
impact  on  a  substantial  number  of  small 
entities. 

Collection  of  Information 

This  final  rule  contains  no  collection 
of  information  requirements  under  the 
Paperwork  Reduction  Act  (44  U.S.C. 
3501  et  seq.). 

Federalism 

The  Coast  Guard  has  analyzed  this 
change  in  accordance  with  the 
principles  and  criteria  contained  in 
Executive  Order  12612,  and  has 
determined  that  this  final  rule  does  not 
have  sufficient  federalism  implications 
to  warrant  the  preparation  of  a 
Federalism  Assessment 

Environment 

The  Coast  Guard  considered  the 
environmental  impact  of  this  final  rule 
and  concluded  that,  under  section 
2.B.2.g.(5)  of  Commandant  Instruction 
M16475.1B,  promulgation  of  operating 
requirements  or  procedures  for 
drawbridges  is  categorically  excluded 
from  further  environmental 
documentation. 

List  of  Subjects  in  33  CFR  Part  117 

Bridges. 

For  the  reasons  set  out  in  the 
preamble,  the  Coast  Guard  amends  33 
CFR  part  117  as  follows: 

PART  117— DRAWBRIDGE 
OPERATION  REGULATIONS 

1.  The  authority  citation  for  part  117 
continues  to  read  as  follows: 


Authority:  33  U.S.C.  499;  49  CFR  1.46;  33 
CFR  1.05-l(g). 

2.  In  5  117.287,  paragraph  (a-1)  is 
redesignated  as  paragraph  (a-2)  and  a 
new  paragraph  (a-1)  is  added  to  read  as 
follows: 

§  1 17.287  Gulf  intracoastal  waterway. 

*  .  *  *  *  * 

(a-1)  The  draw  of  the  Gasparilla 
Island  Causeway  drawbridge,  mile  34.3, 
at  Placida  shall  open  on  signal;  except 
that  from  January  1  to  May  31,  from  10 
a.m.  to  5  p.m.,  the  draw  need  open  only 
on  the  hour,  quarter  hour,  half  hour  and 
three  quarter  hour. 
***** 

Dated:  September  3, 1992. 

William  P.  Leahy, 

Rear  Admiral,  US.  Coast  Guard  Commander, 
Seventh  Coast  Guard  District. 

(FR  Doc.  92-22124  Filed  9-11-92;  8:45  am] 
BILLING  CODE  4910-14-M 


ENVIRONMENTAL  PROTECTION 
AGENCY 

40  CFR  Part  281 

[FRL-4 204-7] 

The  Stale  of  Oklahoma;  Final  Approval 
of  State  Underground  Storage  Tank 
Program 

agency:  Environmental  Protection 
Agency. 

ACTION:  Notice  of  final  determination  on 
the  State  of  Oklahoma’s  application  for 
final  approval. 

SUMMARY:  The  State  of  Oklahoma  has 
applied  for  final  approval  of  its 
underground  storage  tank  program 
under  subtitle  I  of  the  Solid  Waste 
Disposal  Act  ("SWDA”).  The 
Environmental  Protection  Agency 
("EPA”)  has  reviewed  Oklahoma’s 
application  and  has  reached  a  final 
determination  that  Oklahoma’s 
underground  storage  tank  program 
satisfies  all  of  the  requirements 
necessary  to  qualify  for  final  approval. 
Thus,  EPA  is  granting  final  approval  to 
Oklahoma  to  operate  its  program. 
EFFECTIVE  DATE:  Final  approval  for 
Oklahoma  shall  be  effective  at  1  p  jb».  on 
October  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Oklahoma  State  Program  Officer, 
Underground  Storage  Tank  Program, 
Attention  Lynn  Dail,  U.S.  EPA  Region  6, 
Mailcode:  6H-A,  1445  Ross  Avenue, 
Dallas,  Texas  75202,  Phone:  214/855- 
8755. 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  41875 


SUPPLEMENTARY  INFORMATION: 

A.  Background 

Section  9004  of  the  Resource 
Conservation  and  Recovery  Act  (RCRA) 
enables  the  Environmental  Protection 
Agency  (EPA)  to  approve  State 
underground  storage  tank  programs  to 
operate  in  the  State  in  lieu  of  the  Federal 
underground  storage  tank  program.  To 
qualify  for  final  authorization,  a  State’s 
program  must:  (1)  Be  “no  less  stringent” 
than  the  Federal  program;  and  (2) 
provide  for  adequate  enforcement 
(Sections  9004(a)  and  9004(b)  of  RCRA, 

42  U.S.C.  6991c(a)  and  6991c(b)). 

On  June  25, 1989,  Oklahoma  submitted 
an  official  application  to  obtain  final 
approval  to  administer  the  underground 
storage  tank  program.  The  application 
contained  the  following  elements:  State 
Statutes  (Title  17,  Oklahoma  Statutes, 
Section  301  et  seq.),  State  Regulations 
(Oklahoma  Administrative  Codes,  Title 
165:  Chapter  25,  26,  and  27, 1992), 
Attorney  General’s  Statement, 
Memorandum  of  Agreement,  and 
Program  Description.  EPA’s  review  and 
approval  of  these  elements  provides  the 
basis  for  EPA’s  authorization  of 
Louisiana’s  program. 

On  June  30, 1992,  EPA  published  a 
tentative  decision  announcing  its  intent 
to  grant  Oklahoma  final  approval 
pending  minor  changes  to  Oklahoma's 
Underground  Storage  Tank  Regulations 
to  satisfy  the  requirement  that  the 
Oklahoma  Regulations  be  no  less 
stringent  than  the  Federal  Regulations. 
These  changes  were  documented  in  a 
Memorandum  of  Agreement  between 
the  State  of  Oklahoma  and  EPA  dated 
April  8, 1992.  Further  background  on  the 
tentative  decision  to  grant  approval 
appears  at  57  FR  29035,  Tuesday,  June 
30, 1992. 

Along  with  the  tentative 
determination  EPA  announced  the 
availability  of  the  application  for  public 
comment  and  the  date  of  a  public 
hearing  on  the  application.  No  public 
comments  were  received  at  the  hearing 
and  no  written  public  comments  were 
received  regarding  EPA’s  approval  of 
Oklahoma’s  underground  storage  tank 
program. 

The  regulation  changes  agreed  upon 
by  the  State  of  Oklahoma  and  EPA  were 
effective  June  25, 1992,  and  satisfy  the 
requirement  that  Oklahoma  regulations 
are  no  less  stringent  than  the  Federal 
Regulations. 

The  Oklahoma  program  regulates 
underground  storage  tanks  containing 
petroleum  or  hazardous  substances 
defined  in  section  101(14)  of  the 
Comprehensive  Environmental 
Response,  Compensation  and  Liability 
Act  of  1980.  This  does  not  include  RCRA 
haza  lous  waste. 


The  State  of  Oklahoma  is  not 
authorized  to  operate  the  UST  program 
on  Indian  lands.  This  authority  will 
remain  with  EPA. 

B.  Decision 

After  reviewing  the  changes  the  State 
has  made  to  its  regulations  since  the 
tentative  decision,  I  conclude  that  the 
State  of  Oklahoma’s  application  for  final 
approval  meets  all  of  the  statutory  and 
regulatory  requirements  established  by 
subtitle  I  of  RCRA.  Accordingly, 
Oklahoma  is  granted  final  approval  to 
operate  its  underground  storage  tank 
program  in  lieu  of  the  Federal  program. 
Oklahoma  now  has  the  responsibility 
for  managing  underground  storage  tank 
facilities  within  its  borders  and  carrying 
out  all  aspects  of  the  UST  program. 
Oklahoma  also  has  primary  enforcement 
responsibility,  although  EPA  retains  the 
right  to  conduct  inspections  under 
section  9005  of  RCRA,  42  U.S.C.  6991d, 
and  to  take  enforcement  actions  under 
section  9006  of  RCRA,  42  U.S.C.  6991e. 

Compliance  With  Executive  Order  12291 

The  Office  of  Management  and  Budget 
has  exempted  this  rule  from  the 
requirements  of  Section  3  of  Executive 
Order  12291. 

Certification  Under  the  Regulatory 
Flexibility  Act 

Pursuant  to  the  provisions  of  5  U.S.C. 
605(b),  I  hereby  certify  that  this  approval 
will  not  have  a  significant  economic 
impact  on  a  substantial  number  of  small 
entities.  This  approval  effectively 
suspends  the  applicability  of  certain 
Federal  regulations  in  favor  of 
Oklahoma’s  program,  thereby 
eliminating  duplicative  requirements  for 
owners  and  operators  of  underground 
storage  tanks  in  the  State.  It  does  not 
impose  any  new  burdens  on  small 
entities.  This  rule,  therefore,  does  not 
require  a  regulatory  flexibility  analysis. 

List  of  Subjects  in  40  CFR  Part  281 

Administrative  practice  and 
procedure,  Hazardous  materials.  State 
program  approval,  underground  storage 
tanks. 

Authority:  This  notice  is  issued  under  the 
authority  of  Section  2002(a),  7004(b),  and  9004 
of  the  Solid  Waste  Disposal  Act  as  amended 
42  U.S.C.  0912(a),  0974(b),  and  0991(c). 

Dated:  August  12, 1992. 

Joe  D.  Winkle, 

Acting  Regional  Administrator. 

(FR  Doc.  92-22114  Filed  9-11-92;  8:45  am] 

BILUNQ  CODE  6560-50-M 


DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Public  Health  Service 

42  CFR  Part  60 

R1N  0905-AD05 

Health  Education  Assistance  Loan 
Program 

AGENCY:  Public  Health  Service,  HHS. 
ACTION:  Final  rule,  correction. 

summary:  This  document  provides  an 
editorial  correction  in  the  words  of 
issuance  to  the  amendatory  language  in 
the  final  rule  published  Monday,  June 
29, 1992  (57  FR  28789-28800).  The  final 
rule  amended  the  existing  regulations 
governing  the  Health  Education 
Assistance  Loan  (HEAL)  program  to 
conform  those  regulations  with 
amendments  made  to  sections  727-739A 
of  the  Public  Health  Service  Act  by  the 
Health  Professions  Reauthorization  Act 
of  1988. 

EFFECTIVE  DATE:  June  29, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Mr.  Stuart  Weiss,  301-443-1540. 

Accordingly,  in  the  Federal  Register 
issue  of  June  29, 1992,  page  28794,  first 
column,  the  amendatory  language  to 
amendment  5  is  corrected  to  read  as 
follows: 

§  60.8  [Amended] 

5.  Section  60.8  is  amended  by  revising 
paragraphs  (a)(1),  (a)(2),  (a)(4),  (a)(5), 
(a)(9),  (a)(ll),  (b)(2)  and  (b)(3) 
introductory  text;  by  adding  a  new 
paragraph  (a)(12);  and  by  adding  a 
parenthetical  phrase  at  the  end  of  the 
section  to  read  as  follows: 

Dated:  September  8, 1992. 

Neil  J.  Stillman, 

Deputy  Assistant  Secretary  for  Information 
and  Resources  Managemen  t. 

[FR  Doc.  92-22079  Filed  9-11-82;  8:45  am] 
BILLING  COO€  4160-1S-M 


FEDERAL  EMERGENCY 
MANAGEMENT  AGENCY 

44  CFR  Part  64 

[Docket  No.  FEMA-7549] 

Suspension  of  Community  Eligibility 

AGENCY:  Federal  Insurance 
Administration.  FEMA. 
action:  Final  rule. 

SUMMARY:  This  rule  identifies  a 
community  where  the  sale  of  flood 
insurance  has  been  authorized  under  the 
National  Flood  Insurance  Program 
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(NFIP),  that  is  suspended  on  the 
effective  date  listed  within  this  role 
because  of  noncompliance  with  the 
floodplain  management  requirements  of 
the  program.  If  FEMA  receives 
documentation  that  the  community  has 
adopted  the  required  floodplain 
management  measures  prior  to  the 
effective  suspension  date  given  in  this 
rule,  the  suspension  will  be  withdrawn 
by  publication  in  the  Federal  Register. 
EFFECTIVE  DATE:  The  effective  date  of 
the  community's  suspension  is  the  third 
date  (“Susp.”)  listed  in  the  third  column 
of  the  following  tables. 

ADDRESSES:  If  you  wish  to  determine 
whether  a  particular  community  was 
suspended  on  the  suspension  date, 
contact  the  appropriate  FEMA  Regional 
Office  or  die  NFIP  servicing  contractor. 
FOR  FURTHER  INFORMATION  CONTACT: 
Frank  H.  Thomas,  Assistant 
Administrator,  Office  of  Loss  Reduction, 
Federal  Insurance  Administration,  500  C 
Street  SW.,  room  417,  Washington,  DC 
20472,  (202)  646-2717. 

SUPPLEMENTARY  INFORMATION:  The 
NFIP  enables  property  owners  to 
purchase  flood  insurance  which  is 
generally  not  otherwise  available,  in 
return,  communities  agree  to  adopt  and 
administer  local  floodplain  management 
aimed  at  protecting  lives  and  new 
construction  from  future  flooding. 

Section  1315  of  the  National  Flood 
Insurance  Act  of  1968,  as  amended,  42 
U.S.C.  4022,  prohibits  flood  insurance 
coverage  as  authorized  under  the 
National  Flood  Insurance  Program,  42 
U.S.C.  4001  et  s eq.,  unless  an 
appropriate  public  body  adopts 
adequate  floodplain  management 
measures  with  effective  enforcement 
measures.  The  community  listed  in  this 
document  no  longer  meet  the  statutory 
requirement  for  compliance  with 
program  regulations,  44  CFR  part  59  et 
seq.  Accordingly,  the  community  will  be 
suspended  on  the  effective  date  in  the 
fourth  column.  As  of  that  date,  flood 
insurance  will  no  longer  be  available  in 
the  community.  However,  the 
community  may  submit  the  required 
documentation  of  the  remedial  measures 


taken  after  this  rule  is  published  but 
prior  to  the  actual  suspension  date.  The 
community  will  not  be  suspended  and 
will  continue  its  eligibility  for  the  sale  of 
insurance.  A  notice  withdrawing  the 
suspension  of  the  community  will  be 
published  in  the  Federal  Register. 

In  addition,  the  Federal  Emergency 
Management  Agency  has  identified  the 
special  flood  hazard  areas  in  the 
community  by  publishing  a  Flood 
Insurance  Rate  Map  (FIRM).  The  date  of 
the  FIRM,  if  one  has  been  published,  is 
indicated  in  the  fifth  column  of  the  table. 
No  direct  Federal  financial  assistance 
(except  assistance  pursuant  to  the 
Robert  T.  Stafford  Disaster  Relief  and 
Emergency  Assistance  Act  not  in 
connection  with  a  flood)  may  legally  be 
provided  for  construction  or  acquisition 
of  buildings  in  the  identified  special 
flood  hazard  area  of  communities  not 
participating  in  the  NFIP  and  identified 
for  more  than  a  year,  on  the  FEMA’ 8 
initial  flood  insurance  map  of  the 
community  as  having  flood-prone  areas 
(section  202(a)  of  the  Flood  Disaster 
Protection  Act  of  1973,  42  U.S.C.  4106(a), 
as  amended).  This  prohibition  against 
certain  types  of  Federal  assistance 
becomes  effective  for  the  community 
listed  on  the  date  shown  in  the  last 
column. 

The  Administrator  finds  that  notice 
and  public  comment  under  5  U.S.C. 
553(b)  are  impracticable  and 
unnecessary  because  the  community 
listed  in  this  final  rule  have  been 
adequately  notified. 

This  community  received  a  90-day 
and  two  30-day  notifications  addressed 
to  the  Chief  Executive  Officer  that  the 
community  will  be  suspended  unless  the 
required  floodplain  management 
measures  are  met  prior  to  the  effective 
suspension  date.  Since  these 
notifications  have  been  made,  this  final 
rule  may  take  effect  within  less  than  30 
days. 

National  Environmental  Policy  Act 

This  rule  is  categorically  excluded 
from  the  requirements  of  44  CFR  part  10, 
Environmental  Consideration.  No 


environmental  impact  assessment  has 
been  prepared. 

Regulatory  Flexibility  Act 

This  rule  will  not  have  a  significant 
economic  impact  on  a  substantial 
number  of  snail  entities  in  accordance 
with  the  Regulatory  Flexibility  Act,  5 
U.S.C.  601  etseq. 

Regulatory  Impact  Analysis 

This  rule  is  not  a  major  rule  under 
Executive  Order  12291,  Federal 
Regulation,  February  17, 1981,  3  CFR, 
1981  Comp.,  p,  127.  No  regulatory  impact 
analysis  has  been  prepared. 

Paperwork  Reduction  Act 

This  rule  does  not  involve  any 
collection  of  information  for  purposes  of 
the  Paperwork  Reduction  Act  44  U.S.C. 
3501  et  seq. 

Executive  Order  12612,  Federalism 

This  rule  involves  no  policies  that 
have  federalism  implications  under 
Executive  Order  12612,  Federalism, 
October  26, 1987, 3  CFR,  1987  Comp.,  p. 
252. 

Executive  Order  12778,  Civil  Justice 
Reform 

This  rule  meets  the  applicable 
standards  of  section  2(b)(2)  of  Executive 
Order  12778,  October  25, 1991, 58  FR 
55195, 3  CFR,  1991  Comp.,  p.  309. 

List  of  Subjects  in  44  CFR  Part  64 
Flood  insurance,  Floodplains. 
Accordingly,  44  CFR  part  64  is 
amended  as  follows: 

PART  64 — [AMENDED] 

1.  The  authority  citation  for  part  64 
continues  to  read  as  follows: 

Authority:  42  U.S.C.  4001  et  seq:. 
Reorganization  Plan  No.  3  of  1978,  3  CFR, 
1978  Comp-  p.  329;  E.0. 12127,  44  FR  19387,  3 
CFR,  1979  Comp-  p.  378. 

§  64.6  I  Amended] 

2.  The  tables  published  under  the 
authority  of  §  64.8  are  amended  as 
follows: 


State  and  location 

Community 

No. 

Effective  date  of  authorization/cancetaSon  of  sale 
of  flood  insurance  in  community 

Current  effective  map 
*  date 

Dale  certain 
federal 

assistance  no 
longer  available 
in  speciai  flood 
hazard  areas 

Regular  Conversion— Region  IV 

South  Carolina: 

McCletlanville,  town  ol.  Charleston  County . 

450039 

! 

Dec.  16,  1975.  Emerg.;  Mar.  16.  1981,  Reg.;  Sept 
17,  1992  Susp.. 

Apr.  17,  1987 . . . 

Sept  17. 1992. 

Code  for  reading  third  column:  Emerg. — Emergency;  Reg.— Regular,  Susp. — Suspension. 
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(Catalog  of  Federal  Domestic  Assistance  No. 
83.100,  "Flood  Insurance") 

Issued  September  8, 1992. 

CM.  "Bad”  Schauerte, 

Administrator,  Federal  Insurance 
Administration. 

[FR  Doc.  92-22091  Filed  9-11-92;  8:45  am] 

BRUNO  COO€  6718-21-W 

44  CFR  Part  65 

Changes  In  Rood  Elevetton 
Determinations 

agency:  Federal  Insurance 
Administration,  FEMA. 

ACTION:  Final  rule. 

summary:  Modified  base  (100-year) 
flood  elevations  are  finalized  for  the 
communities  listed  below.  These 
modified  elevations  will  be  used  to 
calculate  flood  insurance  premium  rates 
for  new  buildings  and  their  contents. 
effective  DATES:  The  effective  dates  for 
these  modified  base  flood  elevations  are 
indicated  on  the  following  table  and 
revise  the  Flood  Insurance  Rate  Map(s) 
(FIRMs)  in  effect  for  each  listed 
community  prior  to  this  date. 
addresses:  The  modified  base  flood 
elevations  for  each  community  are 
available  for  inspection  at  the  office  of 
the  Chief  Executive  Officer  of  each 
community.  The  respective  addresses 
are  listed  in  the  following  table. 

FOR  FURTHER  INFORMATION  CONTACT 
William  R.  Locke,  Chief,  Risk  Studies 
Division,  Federal  Insurance 
Administration,  500  C  Street  SW., 
Washington,  DC  20472,  (202)  646-2754. 
SUPPLEMENTARY  INFORMATION:  The 
Federal  Emergency  Management 
Agency  gives  notice  of  the  final 
determinations  of  modified  base  flood 
elevations  for  each  community  listed. 
These  modified  elevations  have  been 
published  in  newspapers  of  local 
circulation  and  ninety  (90)  days  have 
elapsed  since  that  publication.  The 


Administrator  has  resolved  any  appeals 
resulting  from  this  notification. 

The  modified  base  (100-year)  flood 
elevations  are  not  listed  for  each 
community  in  this  notice.  However,  this 
rule  includes  the  address  of  the  Chief 
Executive  Officer  of  the  community 
where  the  modified  base  flood  elevation 
determinations  are  available  for 
inspection. 

The  modifications  me  made  pursuant 
to  section  206  of  the  Flood  Disaster 
Protection  Act  of  1973,  42  U.S.C.  4105, 
and  are  in  accordance  with  the  National 
Flood  Insurance  Act  of  1966,  42  U.S.C. 
4001  et  seq.,  and  with  44  CFR  part  65. 

For  rating  purposes,  the  currently 
effective  community  number  is  shown 
and  must  be  used  for  all  new  policies 
and  renewals. 

The  modified  base  (100-year)  flood 
elevations  are  the  basis  for  the 
floodplain  management  measures  that 
the  community  is  required  to  either 
adopt  or  to  show  evidence  of  being 
already  in  effect  in  order  to  qualify  or  to 
remain  qualified  for  participation  in  the 
National  Flood  Insurance  Program. 

These  modified  elevations,  together 
with  the  floodplain  management  criteria 
required  by  44  CFR  60.3,  are  the 
minimum  that  are  required.  They  should 
not  be  construed  to  mean  that  the 
community  must  change  any  existing 
ordinances  that  are  more  stringent  in 
their  floodplain  management 
requirements. 

The  community  may  at  any  time  enact 
stricter  requirements  of  its  own,  or 
pursuant  to  policies  established  by  other 
Federal,  state  or  regional  entities. 

These  modified  base  flood  elevations 
shall  be  used  to  calculate  the 
appropriate  flood  insurance  premium 
rates  for  new  buildings  and  their 
contents  and  for  second  layer  coverage 
on  existing  buildings  and  their  contents. 

The  changes  in  base  flood  elevations 
are  in  accordance  with  44  CFR  65.4. 


National  Environmental  Policy  Act 

This  rule  is  categorically  excluded 
from  the  requirements  of  44  CFR  part  10, 
Environmental  Consideration.  No 
environmental  impact  assessment  has 
been  prepared. 

Regulatory  Flexibility  Act 

This  rule  will  not  have  a  significant 
economic  impact  on  a  substantial 
number  of  small  entities  in  accordance 
with  the  Regulatory  Flexibility  Act,  5 
U.S.C.  601  et  seq. 

Regulatory  Impact  Analysis 

This  rule  is  not  a  major  rule  under 
Executive  Order  12291,  February  17, 
1961.  No  regulatory  impact  analysis  has 
been  prepared. 

Executive  Order  12612,  Federalism 

This  rule  involves  no  policies  that 
have  federalism  implications  under 
Executive  Order  12612,  Federalism, 
dated  October  26, 1987. 

Executive  Order  12778,  Civil  Justice 
Reform 

This  rule  meets  the  applicable 
standards  of  section  2(b)(2)  of  Executive 
Order  12778. 

List  of  Subjects  in  44  CFR  Part  65 

Flood  insurance.  Floodplains, 
Reporting  and  recordkeeping 
requirements. 

Accordingly,  44  CFR  part  65  is 
amended  to  read  as  follows: 

PART  65— (AMENDED] 

1.  The  authority  citation  for  part  65 
continues  to  read  as  follows: 

Authority:  42  U.S.C.  4001  et  seq .; 
Reorganization  Plan  No.  3  of  1978,  3  CFR, 
1978  Comp.,  p.  329;  E.O. 12127, 44  FR  19387,  3 
CFR,  1979  Comp.,  p.  376. 

§  65.4  [Amended] 

2.  The  tables  published  under  the 
authority  of  §  65.4  are  amended  as 
follows: 


State  and  county 

Location 

Date  and  name  of 
newspaper  where  notice  was 
published 

Chief  executive  officer  of  community 

Effective  date 
of  modification 

Commu¬ 
nity  No. 

Alabama:  Tuscaloosa 
(docket  No.  FEMA- 
7043). 

City  of  Northport . . 

Apr.  3,  1992,  Apr.  TO.  t992, 
Tuscaloosa  News. 

The  Honorable  Wayne  Rose,  mayor,  city  ot 
Northport,  P.O.  Drawer  569,  Northport, 
Alabama  35476. 

Mar.  18,  1992.. 

010202 

Arizona:  Santa  Cruz _ 

California: 

Unincorporated  areas 
(docket  No.  7044). 

May  27.  1992,  June  3  1982. 
Nogales  International. 

The  Honorable  Ron  Morriss,  chairman,  Santa 
Cruz  County,  Board  of  Supervisors,  2100 
North  Congress  Drive,  Nogales,  Arizona 

1  85621. 

May  5,  1992 . 

040090 

Riverside - 

CKy  of  Corona  (docket 

No.  7040). 

May  20.  1992,  May  27.  1892. 
Corona  Daily  Independent. 

The  Honorable  Wiltlam  Franklin,  mayor,  city 
of  Corona,  P.O.  Box  2805,  Corona,  Califor¬ 
nia  91718. 

Apr.  21.  1992.... 

060250 

Sacramento . . 

Unincorporated  areas 
(docket  Na  7043), 

Apr.  23  1992,  Apr.  30,  1992, 
Sacramento  Bee. 

!  Mr.  Douglas  M.  Fraleigh,  director,  Sacramen- 
1  to  County,  Department  ol  Public  Works, 
827  Seventh  Street  room  304,  Sacramen¬ 
to,  California  95814. 

Apr.  9,  1992 . 

060262 
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State  and  county 

Location 

Date  and  name  of 
newspaper  where  notice  was 
published 

Chief  executive  officer  of  community 

Effective  date 
of  modification 

Commu¬ 
nity  No. 

Sacramento . 

Unincorporated  areas 

May  21.  1992.  May  28.  1992, 

Mr.  Douglas  M.  Fraleigh,  director,  Sacramen- 

May  7,  1992—.. 

060262 

Colorado. 

Boulder . . 

(docket  No.  7044). 

City  of  Broomfield  (docket 
No.  7044). 

City  of  Greenwood  Village 

Sacramento  Bee. 

May  21.  1992,  May  28.  1992. 
Broomfield  Enterprise. 

June  4.  1992,  June  11,  1992. 

to  County  Department  of  Public  Works, 
827  Seventh  Street,  room  304,  Sacramen¬ 
to,  California  95814. 

The  Honorable  Robert  Schulze,  mayor,  city 

May8,  1992 . 

085073 

Arapahoe . 

of  Broomfield,  Number  Six  Garden  Office 
Center,  P.O.  Box  1415,  Broomfield,  Colora¬ 
do  80038. 

The  Honorable  RoHin  Barnard,  mayor,  city  of 

Apr.  20.  1992  — 

080195 

Hawair. 

Hawaii . 

(docket  No.  7043). 

Unincorporated  areas 

The  Villager. 

May  15.  1992,  May  22.  1992. 

Greenwood  Village,  6060  South  Quebec 
Street,  Greenwood  Village,  Colorado 
80111. 

The  Honorable  Lorraine  R.  Inouye,  mayor. 

Apr.  22,  1992  — 

155166 

Maui . 

(docket  No.  7043). 

Unincorporated  areas 

Hawaii  Tribune  Herald. 

Apr.  23,  1992,  Apr.  30.  1992. 
Maui  Hews. 

May  8.  1992,  May  15,  1992, 

Hawaii  County,  25  Aupuni  Street  Hilo, 
Hawaii  96720. 

The  Honorable  Linda  Crockett  Lingle,  mayor, 
Maui  County,  250  South  High  Street  Wai- 
luku,  Maui,  Hawaii  96793. 

The  Honorable  Aldo  E.  Botti,  chairman. 

Apr.  3.  1992 . 

150003 

Illinois:  DuPage  (docket 

(docket  No.  7043). 

Unincorporated  areas . 

Apr.  28.  1992  ... 

170197 

No.  FEMA-7044). 

Louisiana 

St.  Mary  Parish 
(FEMA  docket  No. 
7043). 

St.  Mary  Parish 
(FEMA  docket  No. 
7043). 

Nevada  Independent  City- 

The  Daily  Herald. 

Mar.  23.  1992,  Mar.  30. 

DuPage  County  Board  of  Commissioners, 
421  North  County  Farm  Road,  Wheaton, 
Illinois  60187, 

The  Honorable  Emmett  Hardaway,  mayor  of 
the  town  of  Berwick,  St  Mary  Parish,  P.O. 
Box  486,  Berwick,  Louisiana  70342. 

The  Honorable  C.A.  “Gus"  Lipari,  mayor  of 
the  city  of  Patterson.  P.O.  Box  89,  203 
Park  Street,  Patterson,  Louisiana  70392. 

The  Honorable  Marv  Teixeira,  mayor,  city  of 

Mar  16,  1992— 

220194 

1992.  the  Daily  Review. 

Mar.  23.  1992,  Mar.  30,  1992.. 

Mar.  16.  1992... 

B 

220197 

City  oi  Carson  City 

June  3,  1992,  June  10,  1992, 

May  11.  1992... 

B 

320001 

Pennsylvania  Berks 

(docket  No.  7044). 

Township  of  Oiey . 

Nevada  Appeal. 

Apr.  21,  1992,  Apr.  28,  1992, 

Carson  City,  2621  Northgate  Lane,  Carson 
City.  Nevada  89706. 

Mr.  Frederick  Eyrich,  chairman  of  the  town- 

Apr.  13,  1992  — 

420965 

(FEMA  docket  No. 

7043) .  • 

Tennessee:  Shelby 
(docket  No.  FEMA- 

7044) . 

Texas: 

Haris . 

Town  of  Collierville . . . 

Reading  Eagle. 

May  7.  1992,  May  14.  1992, 
The  Collierville  Herald. 

Apr.  29.  1992,  May  6,  1992. 
Houston  Chronicle. 

ship  of  CMey  Board  of  Commissioners,  P.O. 
Box  19,  Otey,  Pennsylvania  19547. 

The  Honorable  Herman  W.  Cox,  Jr.,  mayor, 
town  of  Collierville,  101  Walnut  Street  Col¬ 
lierville,  Tennessee  38017. 

The  Honorable  John  Lindsay.  County  Com¬ 
missioner’s  Court  Harris  County,  Ninth 

Apr  27.  1992  — 

Mar  19.  1992.. . 

B 

470263 

480287 

(docket  No.  7043). 

Bexar . . . 

Apr.  3.  1992,  Apr.  10,  1992, 
Express  News. 

Apr.  3,  1992  Apr  10  1992, 

Floor  Court  Room,  1001  Preston,  Houston, 
Texas  77002. 

The  Honorable  Nelson  Wolff,  mayor,  city  of 
San  Antonio,  P.O.  Box  839966,  San  Anto¬ 
nio,  Texas  78283. 

The  Honorable  Smith  Reynolds,  mayor  of  the 
city  of  Tyler,  P.O.  Box  2039,  Tyler,  Texas 
75710. 

The  Honorable  Ray  Reep,  mayor,  city  of 

Mar.  25,  1992  ... 

480045 

Smith  (FEMA  docket 
No.  7043). 

Washington:  Skagit. . 

(docket  No.  7043) 

Mar.  27.  1992— 

480571  . 

City  of  Mount  Vernon 

Tyler  Morning  Telegraph. 

May  5.  1992,  May  12.  1992, 

Apr  15.  1992- 

B 

530158 

(docket  No.  7044). 

The  Skagit  Argus. 

Mount  Vernon.  P.O.  Box  809,  Mount 
Vernon.  Washington  98273. 

(Catalog  of  Federal  Domestic  Assistance  No. 
83.100,  “Flood  Insurance") 

Issued:  September  8, 1992. 

CM.  “Bud"  Schauerte, 

Administrator,  Federal  Insurance 
Administration. 

(FR  Doc.  92-22107  Filed  9-11-92:  8:45  am] 

BILL! NO  CODE  671S-03-M 


44  CFR  Part  65 

[Docket  No.  FEMA-7051] 

Changes  in  Flood  Elevation 
Determinations 

agency:  Federal  Insurance 
Administration,  FEMA. 


action:  Interim  rule. 

SUMMARY:  This  interim  rule  lists 
communities  where  modification  of  the 
base  (100-year)  flood  elevations  is 
appropriate  because  of  new  scientific  or 
technical  data.  New  flood  insurance 
premium  rates  will  be  calculated  from 
the  modified  base  (100-year)  flood 
elevations  for  new  buildings  and  their 
contents. 

DATES:  These  modified  base  flood 
elevations  are  currently  in  effect  on  the 
dates  listed  in  the  table  and  revise  the 
Flood  Insurance  Rate  Map(s)  (FIRMs)  in 
effect  prior  to  this  determination  for 
each  listed  community. 

From  the  date  of  the  second 
publication  of  these  changes  in  a 


newspaper  of  local  circulation,  any 
person  has  ninety  (90)  days  in  which  to 
request  through  the  community  that  the 
Administrator  reconsider  the  changes. 
The  modified  elevations  may  be 
changed  during  the  90-day  period. 
addresses:  The  modified  base  flood 
elevations  for  each  community  are 
available  for  inspection  at  the  office  of 
the  Chief  Executive  Officer  of  each 
community.  The  respective  addresses 
are  listed  in  the  following  table. 

FOR  FURTHER  INFORMATION  CONTACT: 
William  R.  Locke,  Chief,  Risk  Studies 
Division,  Federal  Insurance 
Administration.  500  C  Street,  SW., 
Washington,  DC  20472,  (202)  646-2754. 
SUPPLEMENTARY  INFORMATION: 
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The  modified  base  (100-year)  flood 
elevations  are  not  listed  for  each 
community  in  this  interim  rule. 

However,  the  address  of  the  Chief 
Executive  Officer  of  the  community 
where  the  modified  base  flood  elevation 
determinations  are  available  for 
inspection  is  provided. 

Any  request  for  reconsideration  must 
be  based  upon  knowledge  of  changed 
conditions,  or  upon  new  scientific  or 
technical  data. 

The  modifications  are  made  pursuant 
to  section  201  of  die  Flood  Disaster 
Protection  Act  of  1973, 42  U.S.C.  4105, 
and  are  in  accordance  with  the  National 
Flood  Insurance  Act  of  1960,  42  U.S.C 
4001  et  seq.,  and  with  44  CFR  part  65. 

For  rating  purposes,  the  currently 
effective  community  number  is  shown 
and  must  be  used  for  all  new  policies 
and  renewals. 

The  modified  base  (100-year)  flood 
elevations  are  the  basis  for  the 
floodplain  management  measures  that 
the  community  is  required  to  either 
adopt  or  to  show  evidence  of  being 
already  in  effect  in  order  to  qualify  or  to 
remain  qualified  for  participation  in  the 
National  Flood  Insurance  Program. 

These  modified  elevations,  together 
with  the  floodplain  management  criteria 


required  by  44  CFR  60.3,  are  the 
minimum  that  are  required.  They  should 
not  be  construed  to  mean  that  the 
community  must  change  any  existing 
ordinances  that  are  more  stringent  in 
their  floodplain  management 
requirements.  The  community  may  at 
any  time  enact  stricter  requirements  of 
its  own,  or  pursuant  to  policies 
established  by  other  Federal,  state  or 
regional  entities. 

The  changes  in  base  flood  elevations 
are  in  accordance  with  44  CFR  65.4. 

National  Environmental  Policy  Act 

This  rule  is  categorically  excluded 
from  the  requirements  of  44  CFR  part  10, 
Environmental  Consideration.  No 
environmental  impact  assessment  has 
been  prepared. 

Regulatory  Flexibility  Act 

This  rule  will  not  have  a  significant 
economic  impact  on  a  substantial 
number  of  small  entities  in  accordance 
with  the  Regulatory  Flexibility  Act,  5 
U.S.C.  601  et  seq. 

Regulatory  Impact  Analysis 

This  rule  is  not  a  major  rule  under 
Executive  Order  12291,  February  17, 
1981.  No  regulatory  impact  analysis  has 
been  prepared. 


Executive  Order  12612,  Federalism 

This  rule  involves  no  polices  that  have 
federalism  implications  under  Executive 
Order  12612,  Federalism,  dated  October 
26, 1987. 

Executive  Order  12778,  Civil  Justice 
Reform 

This  rule  meets  the  applicable 
standards  of  section  2(b)(2)  of  Executive 
Order  12778. 

List  of  Subjects  in  44  CFR  Part  65 

Flood  insurance,  Floodplains, 
Reporting  and  recordkeeping 
requirements. 

Accordingly,  44  CFR  part  65  is  amended 
to  read  as  follows: 

PART  65— [  AMENDED  1 

1.  The  authority  citation  for  part  65 
continues  to  read  as  follows: 

Authority:  42  U.S.C  4001  et  seq.; 
Reorganization  Plan  No.  3  of  1978, 3  CFR, 
1978  Comp.,  329;  E.O. 12127,  44  FR  19367.  3 
CFR.  1979  Comp.,  p.  376. 

§  65.4  [Amended] 

2.  The  tables  published  under  the 
authority  of  §  65.4  are  amended  as 
follows: 


State  and  county 


Location 

Dates  and  name  of 
newspaper  where  notice  was 
published 

Chief  executive  officer  of 
community 

Uruncorporated  areas . 

Aug.  28,  1992,  Sept  4,  1992, 
Sacramento  Bee. 

Mr.  Douglas  M.  Fraleigh,  Di¬ 
rector,  Sacramento  County 
Department  of  Public 
Works,  827  Seventh  Street 
Room  304,  Sacramento, 
California  95814. 

Town  of  Oxford . 

Aug.  12,  1992,  Aug.  19,  1992, 
The  Voices. 

Mr.  Edward  Oczkowski,  First 
Selectman  for  the  Town  of 
Oxford,  S.B.  Church  Memo¬ 
rial,  Town  Halt,  486  Oxford 
Road,  Oxford,  Connecticut 
06478-1298. 

City  of  Sarasota . 

Sept  15,  1992.  Sept  22, 
1992,  Sarasota  Herakt-Trib- 

The  Honorable  Jack  Gurney. 
Mayor  of  the  City  of  Sara- 

one. 

sota,  Sarasota  County,  P.O. 
Box  1058,  Sarasota,  Florida 
34230-1058. 

.  Town  of  Wareham. . 

July  30,  1992,  Aug.  6,  1992, 

Mr.  Charles  P.  Balczun,  Ad- 

Wareham  Courier. 

ministrator  of  the  Town  of 
Wareham,  Plymouth 

County,  54  Marion  Road, 
Wareham,  Massachusetts 
02571. 

.  City  of  Plymouth . . 

Sept.  2,  1992,  Sept.  9,  t992, 
Plymouth  Sailor. 

The  Honorable  Kim  Bergman, 
Mayor  of  the  City  of  Plym¬ 
outh.  Hennepin  Courtly, 
3400  Plymouth  Boulevard, 
Plymouth,  Minnesota  55447. 

..  City  of  Coppeft — . 

Aug.  21,  1992,  Aug.  28.  1992. 
The  Citizen’s  Advocate. 

The  Honorable  Mark  Wolfe, 
Mayor,  City  of  Coppell,  P.O. 
Box  478,  255  Parkway  Bou¬ 
levard,  Coppell,  Texas 
j  75019. 

.. '  City  of  San  Antonio . 

June  2,  1992,  June  9,  1992, 
San  Antonio  Light. 

The  Honorable  Nelson  Wolff. 

Mayor,  City  of  San  Antonio, 
j  P.O.  Bor  839966,  San  An¬ 
tonio,  Texas  76283. 

Effective  date  of 
modification 


Cornmunify 

No. 
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(Catalog  of  Federal  Domestic  Assistance  No. 
B3.100.  “Flood  Insurance.") 

Issued:  September  8, 1992. 

C.M.  “Bud"  Schauerte, 

Administrator,  Federal  Insurance 
Administration. 

[FR  Doc.  92-22106  Filed  £-11-92: 6:45  ami 

BIUJNQ  CODE  6718-03-M 

44  CFR  Part  67 

Final  Flood  Elevation  Determinations 

agency:  Federal  Insurance 
Administration,  FEMA. 
action:  Final  rule. 

summary:  Base  (100-year)  flood 
elevations  and  modified  base  (100-year) 
flood  elevations  are  made  final  for  the 
communities  listed  below. 

The  base  (100-year)  flood  elevations 
and  modified  base  flood  elevations  are 
the  basis  for  the  floodplain  management 
measures  that  each  community  is 
required  either  to  adopt  or  to  show 
evidence  of  being  already  in  effect  in 
order  to  qualify  or  remain  qualified  for 
participation  in  the  National  Flood 
Insurance  Program  (NFIP). 

EFFECTIVE  DATES:  The  date  of  issuance 
of  the  Flood  Insurance  Rate  Map  (FIRM) 
showing  base  flood  elevations  and 
modified  base  flood  elevations  for  each 
community.  This  date  may  be  obtained 
by  contacting  the  office  where  the  maps 
are  available  for  inspection  as  indicated 
on  the  table  below. 

ADDRESSES:  The  final  base  flood 
elevations  for  each  community  are 
available  for  inspection  at  the  office  of 
the  Chief  Executive  Officer  of  each 
community.  The  respective  addresses 
are  listed  in  the  following  table. 

FOR  FURTHER  INFORMATION  CONTACT: 
William  R.  Locke,  Chief,  Risk  Studies 
Division,  Federal  Insurance 
Administration,  500  C  Street  SW., 
Washington.  DC  20472,  (202)  646-2754. 
SUPPLEMENTARY  INFORMATION:  The 
Federal  Emergency  Management 
Agency  (FEMA  or  Agency)  gives  notice 
of  the  final  determinations  of  base  flood 
elevations  and  modified  base  flood 
elevations  for  each  community  listed. 
The  proposed  base  flood  elevations  and 
proposed  modified  base  flood  elevations 
were  published  in  newspapers  of  local 
circulation  and  an  opportunity  for  the 
community  or  individuals  to  appeal  the 
proposed  determinations  to  or  through 
the  community  was  orovided  for  a 
period  of  ninety  (90 )  days.  The 
proposed  base  flood  elevations  and 
proposed  modified  base  flood  elevations 
were  also  published  in  the  Federal 
Register. 


This  final  rule  is  issued  in  accordance 
with  section  110  of  the  Flood  Disaster 
Protection  Act  of  1973,  42  U.S.C.  4104, 
and  44  CFR  part  67. 

The  Agency  has  developed  criteria  for 
floodplain  management  in  floodprone 
areas  in  accordance  with  44  CFR  part 
60. 

National  Environmental  Policy  Act 

This  rule  is  categorically  excluded 
from  the  requirements  of  44  CFR  part  10, 
Environmental  Consideration.  No 
environmental  impact  assessment  has 
been  prepared. 

Regulatory  Flexibility  Act 

This  rule  will  not  have  a  significant 
economic  impact  on  a  substantial 
number  of  small  entities  in  accordance 
with  the  Regulatory  Flexibility  Act,  5 
U.S.C.  601  et  seq. 

Regulatory  Impact  Analysis 

This  rule  is  not  a  major  rule  under 
Executive  Order  12291,  February  17, 

1981.  No  Regulatory  impact  analysis  has 
been  prepared. 

Executive  Order  12612,  Federalism 

This  rule  involves  no  policies  that 
have  federalism  implications  under 
Executive  Order  12612,  Federalism, 
dated  October  26, 1987. 

Executive  Order  12778,  Civil  Justice 
Reform 

This  rule  meets  the  applicable 
standards  of  section  2(b)(2)  of  Executive 
Order  12778. 

Interested  lessees  and  owners  of  real 
property  are  encouraged  to  review  the 
proof  Flood  Insurance  Study  and  Flood 
Insurance  Rate  Map  available  at  the 
address  cited  below  for  each 
community. 

The  base  flood  elevations  and 
modified  base  flood  elevations  are  made 
final  in  the  communities  listed  below. 
Elevations  at  selected  locations  in  each 
community  are  shown. 

List  of  Subjects  in  44  CFR  Part  67 

Administrative  practice  and 
procedure,  Flood  insurance,  Reporting 
and  recordkeeping  requirements. 
Accordingly,  44  CFR  part  67  is  amended 
as  follows: 

PART  67— [AMENDED] 

1.  The  authority  citation  for  part  67 
continues  to  read 

Authority:  42  U.S.C.  4001  et  seq .; 
Reorganization  Plan  No.  3  of  1978,  3  CFR. 
1978  Comp.,  p.  329;  E.0. 12127,  44  FR  19387,  3 
CFR.  1979  Comp.,  p.  378. 


§67.11  [Amended] 

2.  The  tables  published  under  the 
authority  of  §  67.11  are  amended  as 
follows: 


Source  of  flooding  and  location 


BensenvIHe  (village).  Cook  and  DuPage 
Counties  (FEMA  Docket  No.  7048) 

South  Unnamed  Creek: 

About  1,500  teet  upstream  of  Chicago  and 

North  Western  railroad _ 

About  800  feet  upstream  of  Fairway  Drive - 

North  Unnamed  Creek: 

About  1,500  feet  upstream  of  Chicago  and 

North  Western  railroad _ 

About  0.9  mile  upstream  of  Chicago  and  North 

Western  railroad _ _ _ 

BensenvUte  Ditch: 

About  500  feet  downstream  of  Orchard  Avenue... 
Just  downstream  of  Chicago  and  North  Western 

railroad . — . 

Just  upstream  of  Chicago  and  North  Western 

railroad - 

About  650  feet  upstream  of  Church  Road - 

Addison  Creek: 

Within  community _ 

Addison  Creek  Tributary  No.  3: 

About  0.7  mile  upstream  of  York  Road — . . 

Just  downstream  of  Church  Road - 

Maps  available  tor  Inspection  at  the  Village  Hall. 
700  West  Irving  Park  Road,  Bensenviile.  Illinois. 


Ovid  (village),  Clinton  and  Shiawassee 
Counties  (FEMA  Docket  No.  7045) 

Maple  River 

Just  downstream  of  Front  Street - 

About  1.250  feet  upstream  of  Stale  Highway  21  _ 
Overland  Flow: 

About  700  feet  downstream  of  State  Highway 

About  1,000  feet  upstream  of  Main  Street. — . 

Maps  available  for  Inspection  at  the  Village  Hal, 
114  East  Root  Street,  Ovid,  Michigan. 


Wheatfteld  (town),  Niagara  County  (FEMA 
Docket  No.  7042) 

Berghottz  Creek: 

Downstream  corporate  limits - 

Approximately  1,350  feet  upstream  of  Niagara 

Road - 

Maps  available  for  Inspection  at  the  Wheatfeid 
Town  Hall,  Building  Inspector's  Office,  2800 
Church  Road.  North  Tonawanda.  New  York. 


Montgomery  (city),  Hamilton  County  (FEMA 
Docket  No.  7045) 

North  Branch  Sycamore  Creek: 

About  3.500  feet  downstream  of  State  Route  3.... 

Just  downstream  of  Deerfield  Road _ 

Just  upstream  of  Deerfield  Road - 

About  1,000  feet  upstream  of  Pfeiffer  Road - 

Poik  Burr 

About  4,500  feet  downstream  of  East  Kemper 

Just  downstream  of  East  Kemper  Road - 

Just  upstream  of  East  Kemper  Road - 

At  confluence  with  Lake  Chetac  Creek  — - - - 

Lake  Chetac  Creek: 

At  confluence  with  Polk  Run - 

About  1,400  feet  downstream  of  Pfeiffer  Road  - 
Maps  available  for  Inspection  at  the  City  Hall. 
10101  Montgomery  Road,  Montgomery,  Ohio. 


Mount  Healthy  (city),  Hamilton  County  (FEMA 
Docket  No.  7045) 

We st  Fork  Lake  Tributary. 
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#  Depth, 
m  feet 
above 


Source  of  flooding  and  location 


ground. 

’Eleva¬ 


tion  in 
feet 
(NGVD) 


Just  downstream  of  Clovemook  Avenue .  *782 

About  1,790  feet  upstream  of  Bernard  Avenue .  *785 

West  Fork  MU!  Creek: 


About  2,000  feet  upstream  of  Hamilton  Avenue ...  *733 

About  3,900  feet  upstream  of  Hamilton  Avenue ...  *736 


Maps  available  for  Inspection  at  the  Building 
and  Engineering.  City  Hall,  7700  Perry  Street, 
Mt.  Healthy.  Ohio. 


North  Rldgevflle  (city),  Lorain  County  (PEMA 
Docket  No.  7042) 

French  Creek: 

Just  upstream  of  Mills  Road . _ . 

About  580  feet  upstream  of  Root  Road _ _ _ 

Mills  Creek: 

Just  upstream  of  Mills  Road . 

At  county  boundary . . . . . 

Robinson  Ditch: 

At  confluence  with  Mills  Creek . 

At  confluence  with  French  Creek _ _ 

Maps  svsUabie  for  Inspection  at  the  City  Hall. 
7307  Avon  Beldon  Road,  North  Ridgeville, 
Ohio. 


*695 

•728 

■704 

*764 

•726 

•728 


PENNSYLVANIA 


Hampden  (township),  Cumberland  County 
(FEMA  Docket  No.  7042) 

Trindte  Spring  Run: 

At  the  confluence  with  Conodoguinet  Creek . 

At  Silver  Springs  Road _ 

Maps  s  valla  bis  for  Inspection  at  the  Hampden 
Township  Hall,  230  South  Sporting  Hill  Road, 
Mechanicsburg,  Pennsylvania. 


TEXAS 


Houston  (city),  Harris  County  (FEMA  Docket 
No.  7042) 

Tributary  20.86  to  Brays  Bayou: 

At  approximately  .2  mile  upstream  of  conflu¬ 
ence  with  Brays  Bayou.. .  *70 

Approximately  150  feet  downstream  of  Harwin 

Drive _ _ _ _  *74 

Maps  available  for  Inspection  at  the  City  of 
Houston  Public  Works  Department,  3500  City 
Hall  Annex,  Houston,  Texas. 


•359 

*390 


(Catalog  of  Federal  Domestic  Assistance  No. 
83.100,  "Flood  Insurance.”) 

Issued:  September  8, 1992. 

C.M.  "Bud”  Schauerte, 

Administrator,  Federal  Insurance 
Administration. 

[FR  Doc.  92-22105  Filed  9-11-92;  8:45  am] 

BILLING  CODE  6718-03-M 


DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Administration  for  Children  and 
Families 

45  CFR  Part  1301 

RIN  0970-AB03 

Head  Start  Program 

AGENCY:  Administration  on  Children, 
Youth  and  Families  (ACYF), 
Administration  for  Children  and 
Families  (ACF),  Department  of  Health 
and  Human  Services  (HHS). 


ACTION:  Final  rule. 

SUMMARY:  The  Administration  on 
Children,  Youth  and  Families  is  issuing 
this  final  rule  to  revise  and  clarify  for 
Head  Start  grantees  the  requirements 
implementing  the  statutory  provision 
that  limits  development  and 
administrative  costs  to  15  percent  of 
total  costs.  This  final  rule  also  clarifies 
that  training  and  technical  assistance 
funds  awarded  to  grantees  must  be 
included  in  total  approved  program 
costs,  and  are,  therefore,  subject  to  the 
20  percent  non-Federal  matching 
requirement. 

effective  date:  This  rule  is  effective 
October  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Wade  F.  Horn,  Ph.D.  Commissioner, 
Administration  on  Children,  Youth  and 
Families,  P.O.  Box  1182,  Washington,  DC 
20013,  (202)  205-8347. 

SUPPLEMENTARY  INFORMATION: 

I.  Program  Purpose 

Head  Start  is  authorized  under  the 
Head  Start  Act  (the  Act),  section  635  of 
Public  Law  97-35,  the  Omnibus  Budget 
Reconciliation  Act  of  1981  (42  U.S.C. 

9831  et  seq.).  It  is  a  national  program 
providing  comprehensive  developmental 
services  primarily  to  low-income 
preschool  children,  age  three  to  the  age 
of  compulsory  school  attendance,  and 
their  families.  To  help  enrolled  children 
achieve  their  full  potential,  Head  Start 
programs  provide  comprehensive  health, 
nutritional,  educational,  social  and  other 
services.  Additionally,  Head  Start 
programs  are  required  to  provide  for  the 
direct  participation  of  parents  of 
enrolled  children  in  the  development, 
conduct,  and  direction  of  local 
programs.  Parents  also  receive  training 
and  education  to  foster  their 
understanding  of,  and  involvement  in, 
the  development  of  their  children.  In 
fiscal  year  1991,  Head  Start  served 
583,471  children  through  a  network  of 
1,346  grantees  and  575  delegate 
agencies,  each  of  which  has  an 
approved  written  agreement  with  a 
grantee  to  operate  a  Head  Start 
program. 

While  Head  Start  is  intended  to  serve 
primarily  children  whose  families  have 
incomes  at  or  below  the  poverty  line,  or 
are  eligible  for  public  assistance,  Head 
Start  policy  permits  up  to  10  percent  of 
the  children  in  local  programs  to  be  from 
families  who  do  not  meet  these  low- 
income  criteria.  The  Act  also  requires 
that  a  minimum  of  10  percent  of  the 
enrollment  opportunities  in  each  State 
be  made  available  to  children  with 
disabilities.  Such  children  are  expected 
to  participate  in  the  full  range  of  Head 


Start  services  and  activities  with  their 
non-disabled  peers  and  to  receive 
needed  special  education  and  related 
services. 

II.  Purpose  of  the  Rule 

The  Head  Start  grant  application  and 
45  CFR  1301.32  currently  require  that 
grantees  provide  a  statement  that  the 
costs  of  development  and 
administration  of  the  grant  will  not 
exceed  15  percent  of  the  total  costs. 
Additionally,  Standard  Form  269,  the 
semiannual  financial  status  report, 
requires  the  reporting  of  the  actual  cost 
of  development  and  administration  for 
each  budget  period.  (An  interim  grant 
application  form,  with  instructions,  was 
published  as  a  Program  Instruction  and 
distributed  to  all  Head  Start  grantees 
and  delegate  agencies  on  September  10, 
1991.  These  instructions  require  grantees 
to  indicate  proposed  development  and 
administrative  costs  on  the  application.) 

The  regulation  currently  in  effect  does 
not  offer  sufficient  guidance  to  enable 
grantees  to  accurately  classify  costs  as 
either  development  and  administrative 
costs  or  program  costs.  This  final  rule 
will  help  grantees  to  make  this 
determination.  The  definitions  of 
development  and  administrative  costs, 
and  program  costs,  have  been  rewritten. 
Certain  costs,  such  as  the  salaries  of 
Head  Start  directors,  are  defined  as 
development  and  administrative  costs  in 
the  regulation.  A  new  category  of  dual 
benefit  costs  has  been  defined,  and 
programs  will  have  the  opportunity  to 
identify  costs  which  benefit  both 
program  components  and  development 
and  administrative  functions,  and  to 
allocate  these  costs  appropriately. 
Additionally,  the  rule  distinguishes 
between  development  and 
administrative  costs  on  the  one  hand, 
and  indirect  costs  on  the  other,  and 
explains  their  relationship. 

The  authority  for  this  final  rule  is 
section  644(b)  of  the  Head  Start  Act  (42 
U.S.C.  9839),  which  limits 
reimbursement  of  the  costs  of 
developing  and  administering  a  Head 
Start  program  to  15  percent  of  the  total 
costs  of  the  program,  and  requires  the 
Secretary  to  establish,  by  regulation, 
criteria  for  determining  the  costs  of 
developing  and  administering  Head 
Start  programs  as  well  as  the  total  costs 
of  programs. 

Also,  section  640(b)  of  the  Act  (42 
U.S.C.  9835)  provides  that  Federal 
financial  assistance  extended  under  the 
Act  for  a  Head  Start  program  shall  not 
exceed  80  percent  of  the  approved  costs 
of  the  program.  The  Act  directs  the 
Secretary  to  allot  not  less  than  2  percent 
of  the  annual  appropriation  for  Head 
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Start  for  training  and  technical 
assistance  activities,  and  does  not 
exclude  training  and  technical 
assistance  funds  provided  to  local  Head 
Start  programs  from  the  80  percent 
requirement. 

Thus,  these  new  and  revised  criteria 
will:  (1)  Clarify  and  emphasize  the 
differences  between  program  costs  and 
development  and  administrative  costs; 

(2)  assist  grantees  in  determining  these 
costs;  and  (3)  make  clear  that  training 
and  technical  assistance  costs  in  Head 
Start  programs  must  be  included  in  total 
approved  costs  and  therefore  are  subject 
to  the  20  percent  matching  requirement. 
This  final  rule  incorporates  material 
from  an  Information  Memorandum 
entitled  “Limitations  on  Costs  of 
Development  and  Administration,” 
issued  by  the  Administration  for 
Children,  Youth  and  Families  and  dated 
April  11, 1983. 

III.  Rulemaking  History 

On  October  25, 1990,  the  Department 
published  a  Notice  of  Proposed 
Rulemaking  in  the  Federal  Register  (55 
FR  42999),  proposing  to  amend  45  CFR 
1301.2  and  1301.32.  Interested  persons 
were  given  60  days  in  which  to  comment 
on  the  proposed  rule.  During  the  60  day 
comment  period,  the  Department 
received  51  letters  containing  123 
comments  pertaining  to  one  or  more 
sections  of  the  proposed  regulation. 
These  letters  were  from  Head  Start 
grantee  agencies,  State  agencies,  Head 
Start  associations,  and  professional 
organizations.  There  were 
approximately  15  general  comments,  30 
comments  on  the  definitions  section,  35 
comments  on  matching  requirements, 
and  43  comments  on  limitations  on  costs 
of  development  and  administration. 

IV.  Section  by  Section  Discussion  of  the 
NPRM 

In  general  most  commenters 
welcomed  and  fully  endorsed  the 
definitions  contained  in  the  proposed 
rule  for  “dual  benefit  costs”  and 
“program  costs."  They  suggested  that 
the  new  regulation  provided  needed 
clarity  and  was  a  significant 
improvement  over  the  current  regulation 
regarding  the  15  percent  limit  on 
development  and  administrative  costs. 

A  number  of  commenters  expressed 
specific  concerns  regarding  particular 
sections  and  paragraphs  of  the  proposed 
regulation.  All  written  comments  were 
reviewed  and  analyzed;  they  form  the 
basis  for  the  changes  which  the 
Department  has  made  to  the  NPRM. 
Discussed  below  are  the  revisions,  and 
the  rationale  for  making  them. 


Section  1301.2  Definitions 

Definitions  of  Development  and 
Administrative  Costs  and  Program  Costs 

One  comment  was  received  on  the 
definitions  of  development  and 
administrative  costs  and  program  costs. 
The  commenter  stated  that  the  use  of 
the  Head  Start  Performance  Standards 
to  define  development  and 
administrative  costs  and  program  costs 
fails  to  adequately  distinguish  between 
these  two  types  of  costs,  and  that 
language  contained  in  §  1301.32(b)(2) 
(which  lists  management  functions 
which  must  be  charged  as  development 
and  administrative  costs)  would  be 
better  situated  in  the  definition  section. 
This  same  commenter  stated  that  the 
definition  for  development  and 
administrative  costs  does  not  take  into 
account  grantees  which  operate  no 
program  themselves,  but  maintain  staffs 
to  oversee  the  activities  of  delegate 
agencies. 

We  believe  that  the  new  regulation, 
which,  like  the  current  regulation,  ties 
the  definition  of  development  and 
administrative  costs  and  program  costs 
to  the  Head  Start  Performance 
Standards,  provides  a  satisfactory 
framework  for  defining  these  costs. 
Further  detail  and  guidance  is  provided 
to  grantees  in  $  1301.32  (a)  through  (e)  of 
the  final  rule,  “Limitation  on  Costs  of 
Development  and  Administration”. 
Likewise,  we  feel  that  the  concepts  of 
development  and  administrative  costs, 
program  costs,  and  dual  benefit  costs  set 
forth  in  the  NPRM  are  sufficiently  clear 
and  flexible,  and  can  be  applied  to 
grantees  which  operate  no  programs. 
Therefore,  we  have  made  no  changes  to 
these  sections. 

Definition  of  Dual  Benefit  Costs 

All  comments  received  concerning  the 
definition  of  dual  benefit  costs 
supported  the  definition,  which 
recognizes  that  some  costs  relate  to 
development  and  administrative 
functions  as  well  as  to  programmatic 
functions.  The  commenters  stated  that 
the  regulation  would  help  programs 
accurately  report  development  and 
administrative  costs  when  such  duties 
are  shared.  Therefore,  no  changes  were 
made. 

Definitions  of  Indirect  Costs  and  Total 
Approved  Costs 

One  commenter  stated  that  the 
definition  for  indirect  costs  should 
include  language  to  the  effect  that  only 
indirect  costs  which  are  part  of  an 
approved  rate  established  by  the 
applicant's  cognizant  agency,  the  agency 
which  has  the  authority  to  set  the 
grantee's  indirect  cost  rate,  may  be 


charged.  We  agree  with  this  comment 
and  have  changed  the  definition  of 
indirect  costs  accordingly.  We  also 
agree  with  another  commenter  to  this 
section,  who  stated  that  the  definition  of 
indirect  costs  should  be  consistent  with 
that  which  is  currently  used  by  the 
Department,  and  we  have  modified  the 
definition  in  this  manner. 

We  have  revised  the  definition  of  total 
approved  costs  to  make  clear  that  non- 
Federal  costs  above  the  statutory 
minimum  may  be  included  in  total 
approved  costs.  This  change  has  been 
made  because,  in  the  period  since  the 
issuance  of  the  NPRM,  the  question  of 
how  to  respond  to  the  issues  raised  by 
Head  Start  grantees  receiving  multiple 
sources  of  binding  has  become  more 
important.  In  response  to  this  need, 
ACYF  issued  an  Information 
Memorandum  (number  ACF-4M-91-10, 
dated  April  23, 1991)  which  addressed 
these  issues  by  clarifying  existing 
policies.  Under  this  Information 
Memorandum  grantees  receiving 
multiple  sources  of  funding  have  a 
choice  of  how  to  configure  their 
programs.  One  of  these  choices  is  to 
voluntarily  treat  the  entire  program, 
including  the  services  funded  by  the 
“overmatch”  (i.e.,  non-Federal  share 
above  the  statutory  minimum),  as 
subject  to  the  Federal  requirements 
applicable  to  Head  Start  programs.  In 
this  circumstance,  the  overmatch  would 
be  included  in  the  total  Federal 
Assistance  Award,  and  would  be  part  of 
the  basis  for  computing  the  development 
and  administrative  costs  of  the  project. 
Since  some  grantees  will  be  availing 
themselves  of  this  arrangement,  it  was 
necessary  to  modify  the  definition  of 
“Total  approved  costs”  to  reflect  this 
development.  The  definition  of  total 
approved  costs  in  the  final  regulation  is 
a  revision  of  the  definition  of  total  costs 
in  the  current  regulation.  The  new 
definition  also  subsumes  the  definition 
of  approved  costs  in  the  current 
regulation,  which  is  no  longer  necessary 
because  the  phrase  “approved  costs" 
does  not  appear  in  part  1301. 

Section  1301.20  Matching  Requirement 

Several  commenters  expressed 
opposition  to  this  section  of  the  NPRM 
and  stated  that  the  proposed 
requirement  was  not  a  clarification  of, 
but  rather  a  significant  change  from, 
current  practice.  According  to  the 
commenters,  in  the  past  training  and 
technical  assistance  funds  awarded  to 
local  Head  Start  programs  have  been 
exempt  from  the  20  percent  matching 
requirement  Some  commenters 
questioned  whether  the  regulation 
would  create  a  separate  matching 
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requirement  for  training  and  technical 
assistance  funds.  Other  commenters 
recommended  that  the  20  percent  match 
requirement  be  eliminated. 

We  recognize  that  it  has  not  been  the 
practice  of  all  Head  Start  programs  to 
include  the  required  20  percent  non- 
Federal  match  for  training  and  technical 
assistance  as  part  of  the  total  approved 
costs.  The  NPRM  makes  clear  that 
training  and  technical  assistance  funds 
are  not  a  separate  grant,  and  applies  the 
match  requirement  to  all  Head  Start 
program  hinds.  This  is  consistent  with 
section  640(b)  of  the  Act  which,  in 
specifying  the  non-Federal  share 
requirement,  does  not  distinguish 
between  training  and  technical 
assistance  and  other  funds.  We  are, 
therefore,  not  making  any  changes  to 
this  section. 

Section  1301.32  Limitation  on  Costs  of 
Development  and  Administration  of  a 
Head  Start  Program 

One  comment  was  received  on 
paragraph  (a)(1),  questioning  the  use  of 
the  word  “reimbursement”  in  the  phrase 
“Reimbursement  of  costs  of  developing 
and  administering  a  Head  Start  program 
may  not  exceed  15  percent  *  *  *  .”  This 
comment  is  based  on  the  recognition 
that  Head  Start  is  a  grant  program,  not  a 
reimbursement  program.  We  agree  with 
this  comment  and  have  replaced  the 
word  “reimbursement”  with  the  words 
“Allowable  costs”  in  this  sentence.  With 
respect  to  paragraph  (a)(2),  which  states 
that  the  15  percent  limitation  on 
development  and  administrative  costs  is 
a  maximum,  and  that  development  and 
administrative  costs  at  or  below  15 
percent  may  be  found  nevertheless  to  be 
excessive,  a  significant  number  of 
commenters  opposed  the  provision 
because  they  believe  that  the  lack  of 
objective  criteria  for  defining 
“excessive”  costs  below  15  percent 
provides  too  much  discretion  to 
Departmental  officials. 

We  appreciate  the  concerns  raised  by 
the  commenters,  but  believe  that  there 
are  objective  criteria  articulated  in 
Office  of  Management  and  Budget 
Circulars  A -87  and  A-122  which  require 
that  all  development  and  administrative 
costs,  including  those  below  15  percent, 
be  reasonable  and  necessary  for  the 
administration  of  the  program,  and 
provide  specific  criteria  against  which 
costs  may  be  weighed  to  determine  their 
reasonableness.  We  are,  therefore,  not 
making  any  changes  to  this  section. 

While  there  were  no  comments 
concerning  paragraph  (b)(1)  or  (b)(2),  we 
received  a  significant  number  of 
comments  regarding  paragraphs  (b)(3) 
and  (b)(4).  Paragraph  (b)(3)  states  that 
the  salaries  for  the  positions  listed  are 


included  in  development  and 
administrative  costs,  and  paragraph 
(b)(4)  states  that  other  development  and 
administrative  costs  include  expenses 
related  to  administrative  staff  functions. 
Most  commenters  were  opposed  to  the 
inclusion  of  the  salaries,  benefits  and 
related  costs  of  the  Head  Start  director, 
center  director,  and  secretary  in  the 
category  of  administrative  costs.  A 
number  of  commenters  indicated  that  in 
some  Head  Start  programs  the  center 
director  and  secretary  also  perform 
some  programmatic  functions. 

We  agree  with  the  concerns  expressed 
by  these  commenters,  and  have 
modified  paragraph  (b)(3)  by  removing 
the  words  "Head  Start  director”,  "center 
director”  and  "secretary”.  This  makes  it 
clear  that  the  personnel  costs  associated 
with  those  positions  are,  in  appropriate 
cases,  allocable  as  dual  benefit  costs 
under  section  1301.32(d). 

With  respect  to  paragraph  (b)(5), 
which  classifies  bookkeeping  and 
payroll  services  and  certain  other  office 
supplies,  services,  and  equipment  as 
development  and  administrative  costs, 
all  commenters  opposed  the  inclusion  of 
liability  insurance  for  centers, 
classrooms  and  transportation  as  an 
administrative  cost  and  recommended 
that  it  should  be  eliminated  from  this 
subsection  and  considered  as  a  program 
cost. 

We  concur  with  the  commenters  that 
the  inclusion  of  liability  insurance  for 
centers,  classrooms  and  transportation 
as  an  administrative  cost  is 
inappropriate,  and  we  have  eliminated 
this  language.  We  have  revised  the  rule 
to  more  accurately  reflect  the  principles 
of  cost  allocability  found  in  the  dual 
benefits  definition  and  related 
provisions.  This  paragraph  now  states 
that  bookkeeping  and  payroll  services, 
audits,  and  bonding  are  development 
and  administrative  costs.  These 
expenses  are  purely  administrative  and 
cannot  be  considered  program  costs. 
However,  the  cost  of  insurance, 
supplies,  copy  machines,  postage, 
utilities,  and  space  may  be  either 
development  and  administrative  or 
programmatic,  depending  on 
circumstances.  Thus  the  regulation  now 
states  that  these  expenses  are 
development  and  administrative  costs 
“to  the  extent  they  support  development 
and  administrative  functions.”  Similarly, 
insurance  costs  related  to  program 
functions  are  defined  as  program  costs 
in  paragraph  (c)(4)  of  the  same  section. 

No  specific  comments  were  received 
concerning  paragraphs  (c)(1)  through 
(c)(3).  Paragraph  (c)(4)  was  clarified  to 
state  that  insurance  which  relates  to 
program  staff  functions  is  a  program 
cost.  This  change  is  discussed  in  the 


preceding  paragraph.  In  addition,  one 
comment  was  received  which  stated 
that  the  listing  of  “training  materials”  as 
a  program  cost  is  inconsistent  with 
paragraph  (b)(4),  which  includes  training 
as  a  development  and  administrative 
cost.  A  careful  reading  of  both 
paragraphs,  (c)(4)  and  (b)(4),  reveals  no 
conflict  since  in  both  instances  the 
regulation  refers  to  the  allocable  cost 
related  to  the  specific  staff  function. 
However,  we  have  decided  that  the 
phrase  “training  materials"  in  paragraph 
(c)(4)  is  too  narrow  and  could  be  read  to 
exclude  other  legitimate  training 
expenses.  Therefore,  we  have 
eliminated  the  word  "materials"  from 
this  paragraph. 

No  comments  were  received 
concerning  paragraphs  (d)(1)  and  (d)(2) 
and,  therefore,  no  changes  have  been 
made  to  them.  One  commenter 
suggested  that  inclusion  of  the  phrase 
“and  costs  related  to  space,  such  as 
utilities,”  after  the  words  “Space  costs” 
in  paragraph  (d)(3)  would  provide 
additional  guidance  to  grantees.  We 
have  adopted  this  suggestion. 

There  were  no  comments  concerning 
paragraphs  (e)  (1)  and  (2),  and, 
therefore,  no  changes  have  been  made. 

There  were  no  comments  concerning 
paragraphs  (f)(1)  and  (f)(2),  and, 
therefore,  no  changes  have  been  made. 

A  comment  was  received  suggesting  that 
a  provision  be  added  requiring  that 
indirect  costs  which  are  categorized  as 
program  costs  be  explained  in  the 
application.  We  believe  that  this  is  a 
valid  comment  and  have  incorporated 
the  suggestion  as  paragraph  (f)(3)  of 
i  1301.32.  An  explanation  of  the 
inclusion  of  indirect  costs  as  program 
costs  will  provide  Department  officials 
with  a  basis  for  analyzing  the 
categorization. 

Paragraphs  (g)  (1)  through  (5)  specify 
the  conditions  under  which  a  waiver  of 
the  15  percent  limitation  on 
development  and  administrative  costs 
may  be  granted.  A  small  number  of 
commenters  stated  that  they  were 
pleased  that  the  new  regulation 
extended  the  allowable  length  of  time 
for  a  waiver  of  the  15  percent  limitation 
from  six  months  to  as  much  as  twelve 
months.  Therefore,  no  change  was 
made. 

Minor  changes  which  do  not  affect  the 
substance  of  the  regulation  have  been 
made  for  clarification. 

V.  Impact  Analysis 

Executive  Order  12291 

Executive  Order  12291  requires  that  a 
regulatory  impact  analysis  be  prepared 
for  major  rules,  which  are  defined  in  the 
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Order  a9  any  rule  that  has  an  annual 
effect  on  the  national  economy  of  $100 
million  or  more,  or  certain  other 
specified  effects.  The  Department  has 
determined  that  these  rules  are  not 
major  rules  within  the  Executive  Order 
because  they  will  not  have  an  annual 
effect  on  the  economy  of  $100  million  or 
more;  nor  result  in  a  major  increase  in 
costs  or  prices  for  consumers,  any 
industries  any  governmental  agencies, 
or  any  geographic  region;  and,  they  will 
not  have  an  adverse  effect  on 
competition,  employment,  investment, 
productivity,  innovation,  or  on  the 
ability  of  United  States-based 
enterprises  to  compete  with  foreign- 
based  enterprises  in  domestic  or  import 
markets. 

The  final  rule  clarifies  the 
requirements  implementing  the  statutory 
provision  for  Head  Start  grantees  that 
limits  development  and  administrative 
costs  to  15  percent  of  total  costs.  In 
addition,  this  rule  clarifies  that  training 
and  technical  assistance  funds  awarded 
to  grantees  must  be  included  in  total 
approved  program  costs,  and  are, 
therefore,  subject  to  the  20  percent  non- 
Federal  matching  requirement 

The  benefits  derived  will  far  outweigh 
any  incidental  administrative  costs 
incurred.  Costs  attributable  to  these 
provisions  merely  provide  clarification 
of  existing  policy.  This  rule  will  be 
beneficial  to  grantees  because  current 
regulations  do  not  offer  sufficient 
guidance  to  enable  grantees  to 
accurately  classify  costs.  (As  indicated 
earlier  in  this  preamble,  an  interim  grant 
application  form,  with  instructions,  was 
published  as  a  Program  Instruction  and 
distributed  to  all  Head  Start  grantees 
and  delegate  agencies  on  September  10, 
1991.  These  instructions  require  grantees 
to  indicate  proposed  development  and 
administrative  costs  on  the  application.) 
Thus  the  Department  concluded  that 
these  regulations  are  not  major  rules 
within  the  meaning  of  the  Executive 
Order  because  they  do  not  meet  the 
threshold  criteria. 

Regulatory  Flexibility  Act  of  1980 

The  Regulatory  Flexibility  Act  (5 
U.S.C.  Ch.  6)  requires  the  Federal 
government  to  anticipate  and  reduce  the 
impact  of  rules  and  paperwork 
requirements  on  small  businesses.  For 
each  rule  with  a  “significant  economic 
impact  on  a  substantial  number  of  small 
entities"  an  analysis  must  be  prepared 
describing  the  rule's  impact  on  small 
entities.  Small  entities  are  defined  by 
the  Act  to  include  small  businesses, 
small  non-profit  organizations  and  small 
governmental  entities.  While  these 
regulations  would  affect  small  entities, 
the  requirements  are  not  substantial  and 


in  most  instances  the  small  entities 
already  meet  some  of  the  requirements. 
For  these  reasons,  the  Secretary  certifies 
that  these  rules  will  not  have  a 
significant  impact  on  substantial 
numbers  of  small  entities. 

Paperwork  Reduction  Act 

Under  the  Paperwork  Reduction  Act 
of  1980,  Public  Law  90-511,  all 
Departments  are  required  to  submit  to 
the  Office  of  Management  and  Budget 
(OMB)  for  review  and  approval  any 
reporting  or  record-keeping  requirement 
inherent  in  a  proposed  or  final  rule.  The 
final  rule  contains  new  information 
collection  requirements  in  §  1301.32 
(f)(2)  and  (f)(3),  which  require  that 
certain  information  must  be  provided  as 
a  part  of  a  grantee’s  application.  We 
estimate  that  this  requirement  will  take 
each  grantee  approximately  2  hours 
annually  to  complete.  As  there  are  1,921 
grantees  and  delegate  agencies,  the  total 
number  of  hours  annually  will  be  3,842. 

Organizations  and  individuals 
desiring  to  submit  comments  on  the 
information  collection  requirement 
should  direct  them  to  the  agency  official 
designated  for  this  purpose,  whose  name 
appears  in  this  preamble,  and  to  the 
Office  of  Information  and  Regulatory 
Affairs,  OMB,  New  Executive  Office 
Building  (room  308),  Washington,  DC 
20503,  Attention:  Desk  Officer  for  the 
Administration  for  Children  and 
Families. 

List  of  Subjects  in  45  CFR  Part  1301 

Head  Start  Development  and 
administrative  costs,  Program  costs, 
Dual  benefit  costs,  Indirect  costs.  Total 
approved  costs. 

(Catalog  of  Federal  Domestic  Assistance 
Program  Number  93.600,  Project  Head  Start) 

Dated:  May  20, 1992. 

Jo  Anne  B.  Barnhart, 

Assistant  Secretary  for  Children  and 
Families. 

Approved:  July  6. 1992. 

Louis  W.  Sullivan, 

Secretary. 

For  the  reasons  set  forth  in  the 
preamble,  45  CFR  part  1301  is  amended 
as  follows: 

PART  1301— HEAD  START  GRANTS 
ADMINISTRATION 

1.  The  authority  citation  for  part  1301 
continues  to  read  as  follows: 

Authority:  42  U.S.C.  9831  et  seq. 

2.  Section  1301.2  is  amended  by 
revising  the  definition  for  development 
and  administrative  costs;  by  removing 
the  definitions  for  approved  costs  and 
total  costs;  by  adding,  alphabetically, 
definitions  for  dual  benefit  costs. 


indirect  costs,  program  costs,  and  total 
approved  costs;  and  by  republishing  the 
introductory  text  to  read  as  follows: 

§1301.2  Definitions. 

For  the  purposes  of -this  part,  unless 
the  context  requires  otherwise: 

•  *  *  *  * 

Development  and  administrative 
costs  mean  costs  incurred  in  accordance 
with  an  approved  Head  Start  budget 
which  do  not  directly  relate  to  the 
provision  of  program  component 
services,  including  services  to  children 
with  disabilities,  as  set  forth  and 
described  in  the  Head  Start  program 
performance  standards  (45  CFR  Part 
1304). 

Dual  benefit  costs  mean  costs 
incurred  in  accordance  with  an 
approved  Head  Start  budget  which 
directly  relate  to  both  development  and 
administrative  functions  and  to  the 
program  component  services,  including 
services  to  children  with  disabilities,  as 
set  forth  and  described  in  the  Head  Start 
program  performance  standards  (45  CFR 
Part  1304). 

***** 

Indirect  costs  mean  those  costs  of  a 
Head  Start  agency,  as  approved  by  the 
cognizant  agency,  the  agency  which  has 
authority  to  set  the  grantee’s  indirect 
cost  rate,  which  are  not  readily 
identifiable  with  a  particular  project  or 
program  but  nevertheless  are  necessary 
to  the  general  operation  of  the  agency 
and  the  conduct  of  its  activities. 
***** 

Program  costs  mean  costs  incurred  in 
accordance  with  an  approved  Head 
Start  budget  which  directly  relate  to  the 
provision  of  program  component 
services,  including  services  to  children 
with  disabilities,  as  set  forth  and 
described  in  the  Head  Start  Program 
Performance  Standards  (45  CFR  Part 
1304). 

***** 

Total  approved  costs  mean  the  sum  of 
all  costs  of  the  Head  Start  program 
approved  for  a  given  budget  period  by 
the  Administration  on  Children.  Youth 
and  Families,  as  indicated  on  the 
Financial  Assistance  Award.  Total 
approved  costs  consist  of  the  Federal 
9hare  plus  any  approved  non-Federal 
share,  including  non-Federal  share 
above  the  statutory  minimum. 

3.  Section  1301.20  is  amended  by 
adding  a  new  paragraph  (c)  as  follows: 

§  1301.20  Matching  requirements. 
***** 

(c)  Federal  financial  assistance 
awarded  to  Head  Start  grantees  for 
training  and  technical  assistance 
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activities  shall  be  included  in  the 
Federal  share  in  determining  the  total 
approved  costs  of  the  program.  Such 
financial  assistance  is,  therefore,  subject 
to  the  20  percent  non-Federal  matching 
requirement  of  this  subpart. 

4.  Section  1301.32  is  revised  to  read  as 
follows: 

9 1301.32  Limitations  on  costs  of 
devsiopmsnt  and  administration  of  a  Hoad 
Start  program. 

(a)  General  provisions.  (1)  Allowable 
costs  for  developing  and  administering  a 
Head  Start  program  may  not  exceed  15 
percent  of  the  total  approved  costs  of 
the  program,  unless  the  responsible  HHS 
official  grants  a  waiver  approving  a 
higher  percentage  for  a  specific  period 
of  time  not  to  exceed  twelve  months. 

(2)  The  limit  of  15  percent  for 
development  and  administrative  costs  is 
a  maximum.  In  cases  where  the  costs  for 
development  and  administration  are  at 
or  below  15  percent,  but  are  judged  by 
the  responsible  HHS  official  to  be 
excessive,  the  grantee  must  eliminate 
excessive  development  and 
administrative  costs. 

(b)  Development  and  administrative 
costs.  (1)  Costs  classified  as 
development  and  administrative  costs 
are  those  costs  related  to  the  overall 
management  of  the  program.  These 
costs  can  be  in  both  the  personnel  and 
non-personnel  categories. 

(2)  Grantees  must  charge  the  costs  of 
organization-wide  management 
functions  as  development  and 
administrative  costs.  These  functions 
include  planning,  coordination  and 
direction;  budgeting,  accounting,  and 
auditing;  and  management  of 
purchasing,  property,  payroll  and 
personnel. 

(3)  Development  and  administrative 
costs  include,  but  are  not  limited  to,  the 
salaries  of  the  executive  director, 
personnel  officer,  fiscal  officer/ 
bookkeeper,  purchasing  officer,  payroll/ 
insurance /property  clerk,  janitor  for 
administrative  office  space,  and  costs 
associated  with  volunteers  carrying  out 
administrative  functions. 

(4)  Other  development  and 
administrative  costs  include  expenses 
related  to  administrative  staff  functions 
such  as  the  costs  allocated  to  fringe 
benefits,  travel,  per  diem,  transportation 
and  training. 

(5)  Development  and  administrative 
costs  include  expenses  related  to 
bookkeeping  and  payroll  services, 
audits,  and  bonding;  and,  to  the  extent 
they  support  development  and 
administrative  functions  and  activities, 
the  costs  of  insurance,  supplies,  copy 
machines,  postage,  and  utilities,  and 


occupying,  operating  and  maintaining 
space. 

(c)  Program  costs.  Program  costs 
include,  but  are  not  limited  to: 

(1)  Personnel  and  non-personnel  costs 
directly  related  to  the  provision  of 
program  component  services  and 
component  training  and  transportation 
for  staff,  parents  and  volunteers; 

(2)  Costs  of  functions  directly 
associated  with  the  delivery  of  program 
component  services  through  the 
direction,  coordination  or 
implementation  of  a  specific  component; 

(3)  Costs  of  the  salaries  of  program 
component  coordinators  and  component 
staff,  janitorial  and  transportation  staff 
involved  in  program  component  efforts, 
and  the  costs  associated  with  parent 
involvement  and  component  volunteer 
services;  and 

(4)  Expenses  related  to  program  staff 
functions,  such  as  the  allocable  costs  of 
fringe  benefits,  travel,  per  diem  and 
transportation,  training,  food,  center/ 
classroom  supplies  and  equipment, 
parent  activities  funds,  insurance,  and 
the  occupation,  operation  and 
maintenance  of  program  component 
space,  including  utilities. 

(d)  Dual  benefit  costs.  (1)  Some  costs 
benefit  both  the  program  components  as 
well  as  development  and  administrative 
functions  within  the  Head  Start 
program.  In  such  cases,  grantees  must 
identify  and  allocate  appropriately  the 
portion  of  the  costs  that  are  for 
development  and  administration. 

(2)  Dual  benefit  costs  include,  but  are 
not  limited  to,  salaries,  benefits  and 
other  costs  (such  as  travel,  per  diem, 
and  training  costs)  of  staff  who  perform 
both  program  and  development  and 
administrative  functions.  Grantees  must 
determine  and  allocate  appropriately 
the  part  of  these  costs  dedicated  to 
development  and  administration. 

(3)  Space  costs,  and  costs  related  to 
space,  such  as  utilities,  are  frequently 
dual  benefit  costs.  The  grantee  must 
determine  and  allocate  appropriately 
the  amount  or  percentage  of  space 
dedicated  to  development  and 
administration. 

(e)  Relationship  between  development 
and  administrative  costs  and  indirect 
costs.  (1)  Grantees  must  categorize  costs 
in  a  Head  Start  program  as  development 
and  administrative  or  program  costs. 
These  categorizations  are  separate  from 
the  decision  to  charge  such  costs 
directly  or  indirectly. 

(2)  Grantees  must  charge  all  costs, 
whether  program  or  development  and 
administrative,  either  directly  to  the 
project  or  as  part  of  an  indirect  cost 
pool. 

(f)  Requirements  for  compliance.  (1) 
Head  Start  grantees  must  calculate  the 


percentage  of  their  total  approved  costs 
allocated  to  development  and 
administration  as  a  part  of  their  budget 
submission  for  initial  funding,  refunding 
or  for  a  request  for  supplemental 
assistance  in  connection  with  a  Head 
Start  program.  These  costs  may  be  a 
part  of  the  direct  or  the  indirect  cost 
pool. 

(2)  The  Head  Start  grant  applicant 
shall  delineate  all  development  and 
administrative  costs  in  its  application. 

(3)  Indirect  costs  which  are 
categorized  as  program  costs  must  be 
fully  explained  in  the  application. 

(g)  Waiver.  (1)  The  responsible  HHS 
official  may  grant  a  waiver  of  the  15 
percent  limitation  on  development  and 
administrative  costs  and  approve  a 
higher  percentage  for  a  specific  period 
of  time  not  to  exceed  twelve  months. 

The  conditions  under  which  a  waiver 
will  be  considered  are  listed  below  and 
encompass  those  situations  under  which 
development  and  administrative  costs 
are  being  incurred,  but  the  provision  of 
actual  services  has  not  begun  or  has 
been  suspended.  A  waiver  may  be 
granted  when: 

(1)  A  new  Head  Start  grantee  or 
delegate  agency  is  being  established  or 
services  are  being  expanded  by  an 
existing  Head  Start  grantee  or  delegate 
agency,  and  the  delivery  of  component 
services  to  children  and  families  is 
delayed  until  all  program  development 
and  planning  is  well  underway  or 
completed;  or 

(ii)  Component  services  are  disrupted 
in  an  existing  Head  Start  program  due  to 
circumstances  not  under  the  control  of 
the  grantee. 

(2)  A  Head  Start  grantee  that 
estimates  that  the  cost  of  development 
and  administration  will  exceed  15 
percent  of  total  approved  costs  must 
submit  a  request  for  a  waiver  that 
explains  the  reasons  for  exceeding  the 
limitation.  This  must  be  done  as  soon  as 
the  grantee  determines  that  it  cannot 
comply  with  the  15  percent  limit, 
regardless  of  where  the  grantee  is  within 
the  grant  funding  cycle. 

(3)  The  request  for  the  waiver  must 
include  the  period  of  time  for  which  the 
waiver  is  requested.  It  must  also 
describe  the  action  the  grantee  will  take 
to  reduce  its  development  and 
administrative  costs  so  that  the  grantee 
will  be  able  to  assure  that  these  costs 
will  not  exceed  15  percent  of  the  total 
approved  costs  of  die  program  after  the 
completion  of  the  waiver  period. 

(4)  If  granted,  the  waiver  and  the 
period  of  time  for  which  it  will  be 
granted  will  be  indicated  on  the 
Financial  Assistance  Award. 
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(5)  If  a  waiver  requested  as  a  part  of  a 
grant  application  for  funding  or 
refunding  is  not  approved,  no  Financial 
Assistance  Award  will  be  awarded  to 
the  Head  Start  program  until  the  grantee 
resubmits  a  revised  budget  that 
complies  with  the  15  percent  limitation. 

[FR  Doc.  92-22082  Filed  9-11-02:  8:45  am] 
BILUMQ  CODE  4130-C1-M 

45  CFR  Part  1302 
RIN  0970-AA98 
Head  Start  Program 

AGENCY:  Administration  on  Children. 
Youth  and  Families  (ACYF), 
Administration  for  Children  and 
Families  (ACF),  Department  of  Health 
and  Human  Services  (DHHS). 
action:  Final  rule. 

summary:  The  Department  of  Health 
and  Human  Services  is  issuing  this  final 
rule  to  revise  current  criteria  and  add 
new  criteria  governing  the  selection  of 
organizations  to  operate  a  Head  Start 
program  with  Federal  financial 
assistance.  The  final  rule  specifies  the 
criteria  that  will  be  used  to  evaluate 
applications  and  select  grantees  to 
operate  a  Head  Start  program. 

EFFECTIVE  date:  This  rule  is  effective 
October  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Wade  F.  Horn,  Ph.D.,  Commissioner. 
Administration  on  Children,  Youth  and 
Families,  P.O.  Box  1182,  Washington,  DC 
20013,  (202)  205-8347. 

SUPPLEMENTARY  INFORMATION: 

I.  Program  Purpose 

Head  Start,  as  authorized  under  the 
Head  Start  Act  (the  Act),  42  U.8.C.  9831 
et  seq..  is  a  national  program  providing 
comprehensive  developmental  services 
primarily  to  low-income  preschool 
children,  age  three  to  the  age  of 
compulsory  school  attendance,  and  their 
families.  To  help  enrolled  children  to 
achieve  their  full  potential.  Head  Start 
programs  provided  comprehensive 
health,  nutritional,  educational  social 
and  other  services.  Additionally.  Head 
Start  programs  are  required  to  provide 
for  the  direct  participation  of  parents  of 
enrolled  children  in  the  development 
conduct,  and  direction  of  local 
programs.  In  fiscal  year  1991,  Head  Start 
served  approximately  58W25  children 
through  a  network  of  1,300  grantees  and 
620  delegate  agencies,  each  of  which  has 
an  approved  written  agreement  with  the 
grantee  to  operate  a  Head  Start 
program. 

While  Head  Start  is  targeted  primarily 
on  children  whose  families  have 


incomes  at  or  below  the  poverty  line  or 
are  eligible  for  public  assistance,  Head 
Start  regulations  permit  up  to  10  percent 
of  the  Head  Start  children  in  local 
programs  to  be  from  families  who  do  not 
meet  these  low-income  criteria.  Head 
Start  also  requires  that  a  minimum  of  10 
percent  of  the  enrollment  opportunities 
in  each  State  be  made  available  to 
children  with  disabilities.  Such  children 
are  expected  to  be  enrolled  in  the  full 
range  of  Head  Start  services  and 
activities  in  a  setting  with  their  non¬ 
disabled  peers  and  to  receive  necessary 
special  education  and  related  services. 

II.  Notice  of  Proposed  Rulemaking 

On  September  22, 1989,  the 
Department  published  a  Notice  of 
Proposed  Rulemaking  (NPRM)  in  the 
Federal  Register  (54  FR  39018)  that 
proposed  a  revision  of  45  CFR  1302.10, 
the  Head  Start  regulation  governing 
criteria  for  selection  among  applicants 
for  a  Head  Start  program.  Interested 
persons  were  given  60  days  in  which  to 
comment  on  the  proposed  rule. 

During  the  60  day  comment  period,  72 
letters  containing  130  comments  were 
received.  All  written  comments  were 
analyzed  and  formed  the  basis  for  the 
changes  which  the  Department  has 
made  in  this  final  rule. 

This  final  rule  expands  the  scope  of 
several  current  criteria  and  adds  new 
criteria  to  §  1302.10.  These  new  and 
expanded  criteria  include  the  need  for 
Head  Start  services  in  the  community, 
the  appropriateness  of  the  proposed 
program  design,  and  the  applicant's 
understanding  of  and  capability  to 
implement  the  Head  Start  Performance 
Standards.  The  revised  criteria  will 
result  in  applications  containing  more 
precise  and  substantive  information 
regarding  proposed  program  design, 
program  operation,  community  needs 
and  plans  for  adherence  to  the 
Performance  Standards.  This  will 
improve  our  ability  to  make  sound  and 
fair  decisions  among  applicants 
proposing  to  operate  Head  Start 
programs. 

III.  Summary  of  Comments  and  the 
Department’s  Response 

Except  for  minor  technical  revisions, 
we  have  made  no  significant  changes  in 
the  final  rule  as  proposed  in  the  Notice. 
The  following  is  a  summary  of  the 
comments  from  respondents  and  the 
Department’s  response. 

The  majority  of  the  respondents 
commented  very  positively  concerning 
each  of  the  five  criteria.  Out  of  130 
comments  addressing  the  criteria,  55 
noted  that  the  new  rule  would  clarify 
the  regulation,  and  13  suggested  that  no 
change  was  needed.  The  remaining  62 


comments  objected  to  the  deletion  of  the 
wording  in  paragraph  (f)  of  the  current 
rule,  which  was  not  included  in 
paragraph  (b)(2)  of  the  proposed  criteria. 
The  commenters  stated  that,  by  not 
including  the  language  from  paragraph 
(f)  of  the  current  rule  “to  administer  all 
Head  Start  programs  being  carried  out 
in  the  community"  in  paragraph  (b)(2), 
the  NPRM  would  allow  for  the  potential 
fragmentation  of  Head  Start  programs 
and  for  more  than  one  grantee  to 
operate  in  a  local  community.  The 
Department  is  sensitive  to  grantee 
concerns  about  fragmentation  of 
services  and  in  general,  we  would  not 
endorse  establishing  multiple  Head  Start 
programs  in  a  community.  Nevertheless, 
there  may  be  times  when  it  is  in  the  best 
interest  of  the  community  and  its  low- 
income  families  to  have  more  than  one 
grantee  serving  the  community,  such  as 
when  the  current  grantee  declines  to 
expand  enrollment  even  when 
additional  funds  are  made  available. 
Consequently,  we  do  not  believe  it  is 
appropriate  to  revise  the  NPRM  and  will 
leave  the  language  as  originally 
published. 

In  paragraph  (a)  of  the  proposed 
criteria,  we  made  a  technical  correction 
by  deleting  the  words  "application 
selected  reasonably  promises”  and 
substituted  the  words  “applicants 
demonstrate  in  their  application.”  The 
use  of  the  words  “applicants 
demonstrate  in  their  application”  would 
require  the  applicant  to  explain  in  detail 
or  make  clear  by  use  of  examples  how 
the  proposed  Head  Start  program  would 
operate,  which  is  the  intent  of  the 
proposed  rule. 

In  the  interim  between  the  appearance 
of  the  NPRM  and  the  publication  of  the 
final  regulation  section  641(d)  of  the 
Head  Start  Act  was  amended  by  the 
Augustus-F.  Hawkins  Human  Services 
Reauthorization  Act  of  1990,  title  l 
Public  Law  101-501.  Section  641(d)  now 
provides  that  applications  for  unserved 
areas  must  be  assessed  using  seven 
specified  criteria.  The  provisions  of 
§  1302.10,  which  govern  the  selection  of 
grantees  for  unserved  areas  as  well  as 
other  competitions,  are  consistent  with 
the  standards  provided  by  section 
641(d).  The  Department  is  not  issuing 
additional  regulations  addressing  the 
new  criteria  in  section  641(d)  because 
those  standards  do  not  require  further 
interpretation  in  order  to  be 
implemented.  Because  of  the 
amendment  to  section  641(d),  we  have 
made  a  technical  revision  to  paragraph 
(b)  of  §  1302.10  by  changing  the  sentence 
to  read  “In  addition  to  the  applicable 
criteria  under  the  Head  Start  Act.  the 
criteria  will  include:  *  * 
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IV.  Impact  Analysis 

Executive  Order  12291 

Executive  Order  12291  requires  that  a 
regulatory  impact  analysis  be  prepared 
for  major  rules  defined  in  the  order  as 
any  rale  that  has  an  annual  effect  on  the 
national  economy  of  $100  million  or 
more  or  certain  other  specified  effects. 
The  Department  has  determined  that 
this  rule  is  not  a  major  rule  within  the 
Executive  Order  because  it  will  not  have 
an  annual  effect  on  the  economy  of  $100 
million  or  more;  nor  result  in  a  major 
increase  in  costs  or  prices  for 
consumers,  any  industries,  any 
governmental  agencies,  or  any 
geographic  region;  and,  it  will  not  have 
an  adverse  effect  on  competition, 
employment,  investment,  productivity, 
innovation,  or  on  the  ability  of  United 
States-based  enterprises  to  compete 
with  foreign-based  enterprises  in 
domestic  or  import  markets. 

The  intent  of  this  final  rule  is  to  better 
accommodate  a  wide  variety  of 
competitive  situations  such  as  selecting 
among  applicants  in  different 
communities  and  among  current  and 
prospective  grantees  when  funds  are 
available  to  expand  services  or  when 
there  is  a  need  to  change  service 
providers.  It  also  adds  new  criteria  and 
broadens  existing  criteria  to  specifically 
address  the  selection  of  new  grantees. 
Applications  from  prospective  grantees 
will  contain  more  precise  and 
substantive  information  regarding 
proposed  program  design,  program 
operation,  community  needs  and  plans 
for  adherence  to  the  performance 
standards  as  mandated  by  Congress. 
This  will  improve  our  ability  to  make 
sound  and  fair  decisions  among 
applicants  proposing  to  operate  Head 
Start  programs. 

This  final  rule  does  not  require 
applicants  to  incur  any  more  costs  than 
they  would  have  under  the  current  rule 
when  submitting  an  application.  It  seta 
forth  revised  criteria  upon  which  the 
application  will  be  judged.  Thus,  the 
Department  concluded  that  this  rule  is 
not  a  major  rule  within  the  meaning  of 
the  Executive  Order  because  it  does  not 
meet  the  threshold  criteria. 

Regulatory  Flexibility  Act  of  1980 

Consistent  with  the  Regulatory 
Flexibility  Act  of  1980  (5  U.S.C.  ch  6},  we 
try  to  anticipate  and  reduce  the  impact 
of  rules  and  paperwork  requirements  on 
small  businesses.  For  each  rule  with  a 
“significant  economic  impact  on  a 
substantial  number  of  small  entities”  we 
propose  an  analysis  describing  the  rule's 
impact  on  small  entities.  Small  entities 
are  defined  by  the  Act  to  include  small 
businesses,  small  non-profit 


organizations,  and  small  governmental 
entities. 

While  this  final  rule  would  affect 
small  entities,  it  is  not  substantial  and  in 
many  instances  the  small  entities  may 
already  meet  some  of  the  requirements. 
For  these  reasons,  the  Secretary  certifies 
that  this  rule  will  not  have  a  significant 
impact  on  a  substantial  number  of  small 
entities. 

Paperwork  Reduction  Act 

Under  the  Paperwork  Reduction  Act 
of  1980,  Public  Law  96-511,  all 
Departments  are  required  to  submit  to 
the  Office  of  Management  and  Budget 
(OMB)  for  review  and  approval  any 
reporting  or  recordkeeping  requirements 
inherent  in  a  proposed  and  final  rule. 
This  final  rule  does  not  contain 
information  and  collection  requirements 
or  increase  Federal  paperwork  burden 
on  the  public  or  private  sector.  Thus  no 
submission  to  OMB  is  required. 

List  of  Subjects  in  45  CFR  Part  1302 

Administrative  practice  and 
procedure,  education  of  disadvantaged, 
grant  programs/social  programs. 

(Catalog  of  Federal  Domestic  Assistance 
Program  Number  93.000,  Project  Head  Start) 

Dated:  May  9, 1992. 
jo  Anne  B.  Barnhart, 

Assistant  Secretary  for  Children  and 
Families. 

Approved:  June  18, 1992. 

Louis  W.  Sullivan, 

Secretary. 

For  the  reasons  set  forth  in  the 
Preamble,  45  CFR  Part  1302  is  amended 
as  follows: 

PART  1302— POLICIES  AND 
PROCEDURES  FOR  SELECTION, 
INITIAL  FUNDING,  AND  REFUNDING 
OF  HEAD  START  GRANTEES,  AND 
FOR  SELECTION  OF  REPLACEMENT 
GRANTEES 

1.  The  authority  citation  for  part  1302 
is  revised  to  read  as  follows: 

Authority:  42  U.S.C.  9831  et  seq. 

2.  Section  1302.10  is  revised  as 
follows: 

§  1302.10  Selection  among  applicants. 

(a)  The  basis  for  selection  of 
applicants  proposing  to  operate  a  Head 
Start  program  will  be  the  extent  to 
which  the  applicants  demonstrate  in 
their  application  the  most  effective 
Head  Start  program. 

(b)  In  addition  to  the  applicable 
criteria  at  section  841(d)  of  the  Head 
Start  Act,  the  criteria  for  selection  will 
include: 

(1)  The  cost  effectiveness  of  the 
proposed  program: 


(2)  The  qualifications  and  experience 
of  the  applicant  and  the  applicant’s  staff 
in  planning,  organizing  and  providing 
comprehensive  child  development 
services  at  the  community  level, 
including  the  administrative  and  fiscal 
capability  of  the  applicant  to  administer 
all  Head  Start  programs  carried  out  in 
the  designated  service  area; 

(3)  The  quality  of  the  proposed 
program  as  indicated  by  adherence  to  or 
evidence  of  the  intent  and  capability  to 
adhere  to  Head  Start  Performance 
Standards  (in  45  CFR  part  1304)  and 
program  policies,  including  the 
opportunities  provided  for  employment 
of  target  area  residents  and  career 
development  for  paraprofessional  and 
other  staff  and  provisions  made  for  the 
direct  participation  of  parents  in  the 
planning,  conduct  and  administration  of 
the  program: 

(4)  The  proposed  program  design  and 
option  including  the  suitability  of 
facilities  and  equipment  proposed  to  be 
used  in  carrying  out  the  program,  as  it 
relates  to  community  needs  and  as  the 
applicant  proposes  to  implement  the 
program  in  accordance  with  program 
policies  and  regulations;  and 

(5)  The  need  for  Head  Start  services  in 
the  community  served  by  the  applicant. 

[FR  Doc.  92-22083  Filed  9-11-92;  8:45  am) 
BILUNG  COOE  4130-01-M 


FEDERAL  MARITIME  COMMISSION 
46  CFR  Part  540 
[Docket  No.  92-19] 

Revision  of  Financial  Responsibility 
Requirements  for  Nonperformance  of 
Transportation 

agency:  Federal  Maritime  Commission. 
action:  Final  rule. _ 

summary:  The  Federal  Maritime 
Commission  amends  its  rules  regarding 
financial  responsibility  for  passenger 
vessel  operators  to  institute  a  sliding 
scale  formula  for  determining  the 
amount  of  financial  responsibility 
coverage  required  for  operators  meeting 
certain  requirements;  exclude,  under 
certain  conditions,  revenue  from 
“whole-ship"  arrangements  from  being 
considered  as  unearned  passenger 
revenue;  and  publish  a  suggested  form 
escrow  arrangement  as  a  guideline  for 
the  industry. 

EFFECTIVE  DATE:  October  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Bryant  L.  VanBrakle,  Director,  Bureau  of 
Tariffs,  Certification  and  Licensing, 
Federal  Maritime  Commission,  800  N 


41888  Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations 


Capitol  Street,  Washington,  DC  20002. 
(202)  523-5796. 

SUPPLEMENTARY  INFORMATION: 
Background 

The  Federal  Maritime  Commission 
(“Commission")  initiated  this 
proceeding  by  publishing  a  Notice  of 
Proposed  Rulemaking  (“NPR")  in  the 
Federal  Register  on  May  4, 1992  (57  FR 
19097).  The  NPR  solicited  comment  on  a 
proposed  rule  to  revise  the 
Commission’s  administration  of  section 
3  of  Public  Law  89-777,  46  U.S.C.  app. 
817e  (“Section  3").  Section  3  requires 
certain  passenger  vessel  operators  to 
have  sufficient  financial  responsibility 
to  indemnify  passengers  for 
nonperformance  of  transportation.1 

The  proposed  rule  would  revise  46 
CFR  part  540,  subpart  A,  to  (1)  institute 
a  sliding-scale  formula  for  operators 
meeting  certain  requirements:  (2) 
provide  that  operators  need  meet  only 
existing  net  worth  standards  to  qualify 
as  self-insurers;  (3)  require  semi-annual 
rather  than  annual  filing  of  certain 
financial  statements  by  self-insurers;  (4) 
exclude,  under  certain  conditions, 
revenue  from  “whole-ship” 
arrangements  from  being  considered  as 
unearned  passenger  revenue  (“UPR");  2 
and  (5)  publish  a  suggested  form  escrow 
arrangement  as  a  guideline  for  the 
industry. 

Comments 

Comments  to  the  NPR  were  received 
from  Delta  Queen  Steamboat  Company 
("Delta  Queen"),  an  intercoastal 
waterway  U.S.-flag  passenger  vessel 
operator;3  American  Hawaii  Cruises 
(“AHC"),  a  deep-water  U.S.-flag 
passenger  vessel  operator.  District  2  of 
the  Marine  Engineers  Beneficial 
Association  (“MEBA"),  a  maritime  labor 
union  representing  the  officers  of  AHCs 
vessels:  the  International  Council  of 


1  Section  3  provides,  in  pertinent  part:  No  person 
in  the  United  States  shall  arrange,  offer,  advertise, 
or  provide  passage  on  a  vessel  having  berth  or 
stateroom  accommodations  for  fifty  or  more 
passengers  and  which  is  to  embark  passengers  at 
United  States  ports  without  there  first  having  been 
filed  with  the  Federal  Maritime  Commission  such 
information  as  the  Commission  may  deem 
necessary  to  establish  the  financial  responsibility  of 
the  person  arranging,  offering,  advertising,  or 
providing  such  transportation,  or.  in  lieu  thereof,  a 
copy  of  a  bond  or  other  security,  in  such  form  as  the 
Commission,  by  rule  or  regulation,  may  require  and 

accept,  for  indemnification  of  passengers  for 

nonperformance  of  the  transportation. 

1  UPR  is  defined  under  46  CFR  540.2(i)  as:  *  *  * 

that  passenger  revenue  received  for  water 

transportation  and  all  other  accommodations, 

services,  and  facilities  relating  thereto  not  yet 
performed. 

8  Delta  Queen  filed  two  comments,  a  June  18, 1992 
submission  by  David  W.  Kish.  Vice  President. 
Administration,  and  a  June  17. 1992  submission  by 
S.  Cody  Engle.  Chairman  of  the  Board. 


Cruise  Lines  ("ICCL”),  an  association  of 
foreign-flag  passenger  vessel  operators: 
Diamond  Cruise  Inc.  ("Diamond"),  a 
passenger  vessel  operator  intending  to 
specialize  in  “whole-ship"  charters;  and 
Mr.  John  W.  McConnell,  Jr.,  commenting 
on  his  own  behalf. 

The  comments  were  generally 
supportive  of  the  proposed  rule.  The 
Commission  has  considered  all  of  the 
comments  received  in  this  proceeding. 
Other  than  for  the  NPR’s  proposed  self- 
insurance  revisions,  the  Commission  has 
determined  to  adopt  the  rule  published 
in  the  Federal  Register  on  May  4, 1992. 
with  certain  changes  discussed  below. 
The  Commission  has  determined  to 
institute  a  separate  proceeding  to 
consider  further  revisions  to  its  Section 
3  self-insurance  regulations.  Any 
comments  not  expressly  discussed 
either  have  been  incorporated,  have 
been  found  to  be  mooted  by  the  changes 
incorporated  into  the  final  rule,  or  have 
been  found  to  be  irrelevant,  without 
merit  or  beyond  the  scope  of  the 
proceeding. 

Discussion 

1.  The  Sliding  Scale 

Delta  Queen  commends  the  sliding 
scale  as  striking  an  appropriate  balance 
by  providing  adequate  protection  to 
passengers  while  proportionately 
impacting  various-sized  operators.  It 
asserts  that  the  current  regulations 
unfairly  disadvantage  small-  and 
medium-sized  operators,  because  larger 
operators  are  required  to  cover  only  a 
proportion  of  their  UPR  while  small  and 
medium  size  operators  are  required  to 
cover  their  entire  UPR  up  to  the  current 
$15  million  ceiling.  It  suggests  that  the 
Commission  also  consider  an  operator’s 
financial  and  operating  history 
(including  the  number  of  years  of 
uninterrupted  service  beyond  the  5-year 
minimum  proposed  in  the  NPR)  in 
determining  an  operator’s  coverage 
requirements  under  the  sliding  scale. 
Delta  Queen  states  that  a  company  with 
many  years  of  incident-free  service 
would  be  less  likely  to  cancel  trips  than 
one  with  a  shorter  operating  history. 

AHC  also  supports  the  NPR's  sliding 
scale.  It  asserts  that  the  sliding  scale 
would  eliminate  the  current  disparity  in 
coverage  requirements  for  larger  and 
smaller  operators,  and  would  more 
accurately  recognize  the  economic 
realities  causing  the  cruise  industry's 
fluctuating  revenue  levels.  AHC  believes 
that  the  proposed  maximum  $5  million 
coverage  per  vessel  under  the  sliding 
scale  is  more  than  adequate  to  meet 
Section  3’s  purposes.  With  regard  to  the 
criteria  based  on  a  satisfactory  record  of 
performance.  AHC  asserts  that  history 


has  demonstrated  that  all  non¬ 
performance  problems  which  have 
occurred  involved  inadequately 
capitalized,  start-up  companies  which 
relied  on  advance  deposits  to  cover 
operating  losses  as  they  filled  their 
cash-flow  “pipeline”. 

For  operators  with  less  than  five 
years’  experience  and  therefore 
ineligible  to  use  the  proposed  rule’s 
sliding  scale,  AHC  urges  the 
Commission  to  consider  determining 
coverage  on  the  basis  of  an  operator’s 
average  UPR.4 * * * 8  It  states  that  it  would  be 
more  realistic  and  far  more  accurate  to 
use  an  operator’s  average  collections 
over  the  previous  two  years  to 
determine  the  base  amount  of  an 
operator’s  UPR.  AHC  also  suggests  that 
if  the  operator  has  less  than  two  years’ 
experience,  the  Commission  should  use 
its  highest  UPR  level  to  determine  the 
amount  of  coverage  necessary.  AHC 
suggests  that  setting  coverage  amounts 
according  to  revenue  averages  for 
operators  with  less  than  five  years’ 
continuous  service  would  help  ease  the 
regulatory  and  economic  burdens 
associated  with  financial  responsibility 
requirements,  while  at  the  same  time 
preserve  the  purpose  of  the  underlying 
statute.  Moreover,  AHC  maintains  that 
an  averaging  approach  also  would  ease 
the  regulatory  burden  upon  the 
Commission,  because  it  would  simplify 
the  reporting  process  and  ease  the 
burden  accompanying  the  Commission’s 
task  of  setting  coverage  requirements  in 
every  case. 

MEBA  supports  the  sliding  scale 
formula  as  giving  proper  credit  to 
operators  such  as  AHC  which  have  had 
a  long  history  of  reliable,  stable  cruise 
service  and  which  have  experienced  no 
claims  or  otherwise  demonstrated  any 
unreliability  of  financial  performance. 
MEBA  states  that  the  proposed 
regulations  also  would  have  the 
advantage  of  differentiating  among  the 
various  size  operators  so  as  to  more 
equitably  spread  the  burden  of 
performance  coverage  over  those  who 
have  ships  in  the  one  to  four  vessel 
range. 

ICCL  believes  the  sliding  scale  is  an 
option  for  providing  flexibility  in 
meeting  the  certification  requirements 
within  the  $15  million  ceiling.  This 
approach  is  said  to  recognize  the  value 
of  a  cruise  operator’s  clean  performance 
record  as  a  criterion  for  easing  the 
burden  of  providing  security.  It 
commends  the  sliding  scale’s  criteria  as 


*  AHC  notes  that  the  coverage  requirement  under 
the  present  regulations  is  110%  of  the  highest  UPR 
on  any  single  day  during  the  prior  two  years. 
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representing  an  adequate,  fair  and 
constructive  approach. 

Mr.  McConnell  proposes  an  additional 
sliding  scale  arrangement  to  address 
vessel  operators’  changes  in  Section  3 
coverages.  This  proposal  would  cover 
the  period  after  a  vessel  operator  has 
changed  its  coverage,  but  before  all  UPR 
covered  by  the  former  source  of 
coverage  has  been  reconciled.  He 
suggests  that  responsibility  be 
apportioned  between  the  old  and  new 
coverage  in  accordance  with  the  current 
ratio  of  the  vessel  operator's  old  and 
new  UPR. 

The  Commission  has  determined  to 
adopt  the  proposed  sliding  scale 
concept.  AHC’s  suggestion  for  basing 
coverage  requirements  on  revenue 
averages  and  Mr.  McConnell’s 
suggestion  for  a  sliding  scale  to  cover 
changes  in  coverage  are  outside  of  the 
scope  of  this  rulemaking  and  cannot  be 
considered  here. 

2.  Self-insurance 

The  NPR  proposed  to  eliminate  the 
requirement  that  passenger  vessel 
operators  wishing  to  qualify  as  self- 
insurers  demonstrate  both  net  worth 
and  working  capital  equal  to  110  percent 
of  their  UPR.  The  NPR  proposed  to 
allow  operators  to  qualify  on  the  basis 
of  their  net  worth  alone,  subject  to 
certain  requirements  including  the 
requirement  that  the  assets  used  to 
qualify  as  a  self-insurer  by  physically 
located  in  the  United  States.  In 
connection  with  the  liberalization  of  the 
self-insurance  requirement,  the  NPR 
proposed  more  frequent  reports 
concerning  the  financial  standing  of  self- 
insurers. 

As  noted  above,  the  Commission  has 
determined  to  institute  a  separate 
proceeding  to  consider  further  revisions 
to  its  Section  3  self-insurance 
requirements. 

3.  Whole-ship  Contracts 

ICCL  states  that  the  NPR’s  proposal  to 
exempt  whole-ship  contracts  from 
Section  3  coverage  requirements,  and 
the  accompanying  corporate 
certification,  appears  to  be  reasonable. 

Diamond  supports  exempting  whole- 
ship  contracts,  but  suggests  that  instead 
of  the  approach  set  forth  in  the  NPR,  the 
Commission  consider  a  straightforward 
class  exemption  allowing  any  operator 
conducting  a  whole-ship  charter  to 
exclude  advance  payments  thereunder 
from  its  UPR  calculations.  If  the 
Commission  nonetheless  believes  that 
some  informational  reporting  is  needed, 
Diamond  requests  that  cruise  lines  be 
required  to  do  no  more  than  (1)  report 
the  number  of  whole-ship  charters 
processed  and  the  amount  of  advance 


revenue  attributable  thereto;  and  (2) 
certify  that  all  whole-ship  charter 
contracts  entered  into  contained  certain 
standard  terms  (Diamond  does  not, 
however,  suggest  what  these  ‘‘standard 
terms"  should  be). 

Diamond  states  that  no  reason  has 
been  offered  for  the  proposed  rule’s 
filing  and  acknowledgement 
requirements,  asserting  that  such  a 
process  is  unnecessary  and  would 
impose  an  unjustified  administrative 
and  economic  burden  on  the 
Commission  and  cruise  lines.  Diamond 
submits  that  only  a  total  class 
exemption  would  enable  operators  that 
intend  to  operate  substantial  numbers  of 
whole-ship  charters  to  benefit  from  the 
regulatory  relief  contemplated  by  the 
proposed  rule. 

Diamond  offers  four  specific 
objections  to  the  NPR’s  treatment  of 
whole-ship  charters.  First,  it  asserts  that 
there  is  no  evidence  that  Congress 
intended  Section  3's  financial 
responsibility  provisions  to  extend 
beyond  the  individually  ticketed  portion 
of  the  travelling  public  to  that  portion 
which  will  utilize  whole-ship  contracts. 
In  this  connection.  Diamond  asserts  that 
on  its  face,  Section  3  only  protects 
“passengers”  and  there  is  no  basis  upon 
which  to  conclude  that  corporate 
charterers,  which  themselves  will  not  be 
receiving  any  passage  on  board  the 
vessel,  come  within  the  meaning  of  that 
term.  Second,  Diamond  anticipates 
handling  a  very  large  number  of  such 
charters,  and  believes  that  it  would  be 
administratively  burdensome  and 
intrusive  for  a  carrier  to  be  required  to 
submit  each  contract  to  the 
Commission.5  Third,  given  its  contention 
that  “these  parties  have  no  legitimate 
expectation  of  protection"  under  section 
3  (Diamond  comment,  3),  Diamond 
characterizes  as  unnecessary  and 
inappropriate  the  proposed  requirement 
that  cruise  lines  obtain  a  separate 
statement  from  their  whole-ship  charter 
counterparties  acknowledging  that 
Section  3’s  protections  do  not  apply. 
Fourth,  Diamond  urges  the  Commission 
not  to  require  whole-ship  charterers  to 
indemnify  their  passengers  in  the  event 
of  a  cruise  line’s  non-performance, 
asserting  that  these  passengers  “are  not 
paying  for  their  cruise  and  therefore,  by 
definition,  cannot  be  financially  harmed 
by  the  cruise  line’s  putative  failure  to 
perform”  [Ibid]. 


5  Diamond  also  observes  that  these  contracts  will 
inevitably  contain  confidential  business  terms  and 
other  proprietary  information  that  the  Commission 
does  not  need  to  discharge  its  Section  3  obligations 
and  to  which  the  cruise  line  will  legitimately  not 
want  either  the  Commission  or  the  public-at-large  to 
have  access. 


Diamond's  position  appears  to  be 
supported  by  two  underlying 
assumptions:  (1)  That  section  3  is 
intended  only  to  afford  protection  to  the 
person  to  whom  the  transportation  is 
provided,  or,  stated  conversely,  that 
Congress  did  not  intend  to  provide 
protection  to  those  who  purchase 
transportation  and  then  assign,  without 
consideration,  that  transportation 
contract  to  a  third  party  beneficiary;  and 
(2)  that  section  3  is  not  intended  to 
afford  protection  to  corporations.  We 
disagree  on  both  counts. 

Congress  enacted  section  3  to  ensure 
an  available  remedy  to  passengers  left 
stranded  on  the  pier.  Nothing  in  that 
statute  or  its  legislative  history  suggests 
that  Congress  intended  to  limit  the 
statute’s  application  where  the  ticket 
purchaser  transfers  its  rights  to  another 
with  or  without  consideration.  If  a 
corporation  purchases  all  of  the 
available  berths  for  a  particular  voyage, 
that  corporation  or  its  designated 
beneficiaries/assignees  are  entitled  to 
the  benefits  afforded  by  the  ticket 
contract.  These  interests  are  likewise 
entitle  to  the  benefits  provided  by 
Section  3.  We  find  no  reason  to 
differentiate  between  passengers  whose 
tickets  were  purchased  and  offered  by  a 
corporate  employer,  vis-a-vis  persons 
whose  tickets  were  purchased  and 
conveyed  by  a  friend  or  family  member. 
No  one  has  ever  suggested,  for  example, 
not  do  we  believe,  that  if  a  person 
purchases  fares  for  himself  and  his 
family,  section  3  covers  only  the 
purchaser’s  ticket  in  the  event  of 
nonperformance. 

In  addition,  the  Commission  believes 
that  the  statute  was  designed  to  provide 
a  methodology  for  establishing  an 
operator’s  financial  responsibility  for  its 
passengers,  regardless  of  their  identity. 
Although  Public  Law  89-777  nowhere 
defines  the  term  “passenger”,  §  540.2(g) 
of  the  Commission’s  rules  defines  the 
term  as  " any  person  who  is  to  embark 
on  a  vessel  at  any  U.S.  port  and  who  has 
paid  any  amount  for  a  ticket  contract 
entitling  him  to  water  transportation” 
(emphasis  supplied).  Section  540.2(a).  in 
turn,  defines  the  term  “person”  as 
including  “individuals,  corporations, 
partnerships,  associations,  and  other 
legal  entities  existing  under  or 
authorized  by  the  laws  of  the  United 
States  or  any  State  thereof  *  *  *  "  The 
Commission  adopted  this  definition  of 
the  term  passenger  in  1967  when  it 
promulgated  regulations  to  implement 
section  3.  To  date,  the  Commission  has 
not  received  any  complaints  or  concerns 
about  this  definition.  Accordingly,  the 
Commission  finds  that  the  existing 
definition  of  “passenger”  appropriately 
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extends  beyond  individuals  to  include 
corporate  charterers  of  passenger 
vessels  subject  to  section  3,  and  that  a 
broad  interpretation  of  the  term 
“passenger"  is  consistent  with  the 
legislative  intent  of  ensuring  that 
purchasers  or  passenger  fares  are 
protected  against  operator 
nonperformance. 

With  regard  to  Diamond's  concerns 
about  reporting  burden,  the  Commission 
believes  that  Diamond  misunderstands 
the  rule.  A  single  agreement  could  cover 
a  series  of  voyages.  In  any  event,  no 
more  than  one  charter  arrangement 
would  need  to  be  filed  per  voyage.  As  to 
the  treatment  of  confidential 
information,  §  540.9(g)  of  the 
Commission’s  rules  would  appear  to 
cover  Diamond's  concerns.®  This, 
coupled  with  the  existing  exception  to 
the  availability  of  records  afforded 
under  48  CFR  503.35(a)(4),7  would 
permit  the  Commission  to  keep  financial 
information  confidential. 

Diamond  states  that  the  proposed 
definition  of  the  term  "whole-ship 
charter"  is  ambiguous  and  should  be 
clarified.  It  states  that  it  does  not 
understand  what  is  intended  by  the 
phrase  “the  full  reach  of  the  passenger 
accommodation  of  the  vessel"  in  the 
proposed  definition.  To  avoid  the 
ambiguity  it  perceives  in  this  definition, 
and  to  effect  the  regulatory  class 
exemption  it  has  requested,  Diamond 
suggests  that  the  Commission  adopt  the 
following  definition: 

Whole-ship  charter  means  any  contract, 
agreement  or  other  arrangement  between  a 
passenger  vessel  operator  and  a  person 
(other  than  an  individual)  whereby  all  of  the 
passenger  accommodations  on  a  vessel  for  a 
particular  voyage  or  series  of  voyages  (i)  are 
purchased  by  that  person,  (ii)  are  not  resold 
by  that  person  to  members  of  the  public,  and 
(iii)  are  provided  by  that  person  to  the 
ultimate  passengers  free  of  charge. 

The  Commission  has  modified  the 
definition  of  "whole-ship  charter"  in 
certain  respects  to  accommodate 
Diamond’s  suggestion.  However,  the 
reporting  requirements  have  been 
retained. 


®  46  CFR  540.9(g)  provides: 

Financial  data  filed  in  connection  with  the  rules 
of  this  subpart  shall  be  confidential  except  in 
instances  where  information  becomes  relevant  in 
connection  with  hearings  which  may  be  requested 
by  applicant  pursuant  to  $  540.8  (a)  or  (b). 

1  46  CFR  503.35(a)(4)  includes  among  the  records 
not  to  be  made  available  in  response  to  a  Freedom 
of  Information  Act  request:  Information  given  in 
confidence.  This  includes  information  obtained  by 
or  given  to  the  Commission  which  constitutes  trade 
secrets,  confidental  commercial  or  financial 
information,  privileged  information,  or  other 
information  which  was  given  to  the  Commission  in 
confidence  or  would  not  customarily  be  released  by 
the  person  from  whom  it  was  obtained. 

(Emphasis  suppliecP 


4.  Escrow  arrangements 

The  NPR  published  a  draft  “form"  of 
the  type  of  escrow  arrangement  the 
Commission  has  previously  found 
acceptable  for  Section  3  purposes.  It  did 
so  to  provide  a  guideline  concerning  the 
type  of  instrument  the  Commission 
generally  considers  acceptable  in  its 
case-by-case  evaluation  of  escrow 
account  applications. 

AHC  states  that  while  escrow 
arrangements  may  benefit  and  provide 
an  attractive  certification  alternative  to 
some  operators,  they  do  not  offer  any 
significant  advantages  to  AHC, 
particularly  given  the  prospect  of  the 
NPR's  sliding  scale.  AHC  does  not 
believe  that  escrow  arrangements  will 
cure  the  difficulties  associated  with  the 
seasonal  fluctuations  in  its  business. 
Therefore,  AHC  urges  the  Commission 
not  to  view  the  escrow  alternative  as 
obviating  the  need  for  other  flexible 
alternatives  such  as  the  sliding  scale. 

AHC  advises  that  an  escrow 
arrangement  would  be  impractical  for 
several  reasons.  First,  AHC  advises  its 
primary  depository  bank  cannot  handle 
individual  disbursements  to  agents 
requesting  refunds  for  cancellations:  the 
bank  only  performs  deposit/ 
disbursement  and  funds  management 
functions  on  a  weekly  basis  and  at  a 
significant  additional  cost.  Therefore,  an 
escrow  arrangement  calculated  on  a 
weekly  basis  would  be  both  more  costly 
and  inaccurate  for  AHC  because 
refunds  would  have  been  made  and  not 
accounted  for.  Second,  the  requirement 
for  a  quarterly  audit  would  allegedly 
result  in  a  substantial  additional 
expense  since  AHC  uses  independent 
auditors  only  once  a  year.  Third,  AHC 
claims  it  cannot — without  enormous 
expense — reprogram  its  computer 
accounting  system  to  sort  out  deposits 
received  for  air,  hotel,  car  rental,  and 
cancellation  insurance  from  passenger 
fares  to  determine  what  amount  should 
be  deposited  into  an  escrow  account. 
Moreover,  it  allegedly  cannot  determine 
as  a  practical  matter  what  portion  of  an 
individual  deposit  should  be 
apportioned  between  each  component  of 
passenger  fare,  air,  hotel,  car  rental,  etc., 
which  could  result  in  it  depositing  an 
inaccurate  amount  into  an  escrow  fund. 
Fourth,  AHC  believes  that  because  the 
escrow  certification  alternative  is  not 
currently  subject  to  the  current  $15 
million  ceiling  on  UPR  coverage  the  use 
of  9uch  an  arrangement  in  conjunction 
with  another  certification  method  could 
lead  to  confusion  in  setting  the 
certification  amount  Finally,  AHC 
states  that  an  escrow  account  would 
eliminate  a  segment  of  its  working 
capital.  AHC  explains  that,  like  other 


operators,  it  relies  on  customer  deposits 
for  a  portion  of  its  daily  working  capital: 
an  escrow  account  would  require  it  to 
secure  additional  financing  to  replace 
funds  placed  in  escrow,  at  a  significant 
interest  expense  exceeding  income 
earned  by  escrow  account  investments. 

ICCL  states  that  it  may  be  desirable  to 
have  escrow  arrangements  available  as 
an  option  to  be  considered  with  other 
methods — but  not  the  exclusive  means — 
of  meeting  Section  3  requirements. 

In  response  to  the  concerns  expressed 
by  AHC,  the  Commission  did  not  intend 
escrow  arrangements  to  remove  the 
opportunity  to  take  advantage  of  other 
flexible  alternatives,  such  as  the  sliding 
scale.  The  arrangements  upon  which  the 
form  escrow  arrangement  published  in 
the  NPR  are  based  have  worked  well  in 
the  past,  and  the  Commission  has 
determined  to  adopt  the  NPR’s  form 
escrow  arrangement  in  the  final  rule. 

Although  the  Commission  as  an 
independent  regulatory  agency,  is  not 
subject  to  Executive  Order  12291,  dated 
February  17, 1981,  it  has  nonetheless 
reviewed  the  rule  in  terms  of  this  order 
and  has  determined  that  this  rule  is  not 
a  “major  rule”  because  it  will  not  result 
in: 

(1)  An  annual  effect  on  the  economy 
of  $100  million  or  more; 

(2)  A  major  increase  in  costs  or  prices 
for  consumers,  individual  industries, 
Federal  State,  or  local  government 
agencies,  or  geographic  regions;  or 

(3)  Significant  adverse  effect  on 
competition,  employment,  investment, 
productivity,  innovations,  or  on  the 
ability  of  United  States-based 
enterprises  to  compete  with  foreign- 
based  enterprises  in  domestic  or  export 
markets. 

The  Federal  Maritime  Commission 
certifies,  pursuant  to  section  605(b)  of 
the  Regulatory  Flexibility  Act,  5  U.S.C. 
605(b),  that  this  rule  will  not  have  a 
significant  economic  impact  on  a 
substantial  number  of  small  entities, 
including  small  businesses,  small 
organizational  units,  and  Bmall 
governmental  organizations  because  the 
passenger  vessel  operators  impacted  by 
the  rule  are  generally  not  small 
businesses. 

OMB  Control  Number:  The  collection 
of  information  requirements  contained 
in  this  regulation  have  been  approved 
by  the  Office  of  Management  and 
Budget  under  the  provisions  of  the 
Paperwork  Reduction  Act  of  1980,  as 
amended,  and  have  been  assigned  OMB 
control  number  3072-0012.  Public 
reporting  burden  for  this  amendment  to: 

(1)  Institute  a  sliding  scale  formula  for 
operators  meeting  certain  requirements; 

(2)  provide  for  certain  treatment  for 
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“whole-ship"  arrangements;  and  (3) 
follow  Commission-suggested  guidelines 
for  escrow  arrangements  is  estimated  to 
average  15.15  hours  per  response.  This 
includes  the  time  for  reviewing 
instructions,  searching  existing  data 
sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and 
reviewing  the  collection  of  information. 
No  comments  regarding  the  burden 
estimate  or  any  other  aspect  of  this 
collection  of  information,  including 
suggestions  for  reducing  this  burden, 
were  sent  to  the  Commission  or  to  the 
Office  of  Information  and  Regulatory 
Affairs,  Office  of  Management  and 
Budget. 

List  of  Subjects  in  46  CFR  Part  540 

Insurance,  Maritime  carriers, 

Penalties,  Reporting  and  recordkeeping 
requirements,  Surety  bonds, 
Transportation. 

Therefore,  pursuant  to  5  U.S.C.  553; 
section  3  Public  Law  89-777,  80  Stat. 
1356-1358  (46  U.S.C.  app.  817e);  section 
43  of  the  Shipping  Act,  1916  (46  U.S.C. 
app.  841a);  and  section  17  of  the 
Shipping  Act  of  1984  (46  U.S.C.  app. 

1716),  the  Federal  Maritime  Commission 
amends  part  540  of  title  46  of  the  Code 
of  Federal  Regulations  as  follows: 

PART  540 — [AMENDED] 

1.  The  authority  citation  to  part  540 
continues  to  read: 

Authority:  5  U.S.C.  552,  553;  secs.  2  and  3, 
Public  Law  89-777,  80  Stat.  1356-1358  (46 
U.S.C.  app.  817e,  817d);  sec.  43  of  the  Shipping 
Act,  1916  (46  U.S.C.  app.  341a);  sec.  17  of  the 
Shipping  Act  of  1984  (46  U.S.C.  app.  1716). 

2.  A  new  §  540.2(1)  is  added  to  read  as 
follows: 

§  540.2  Definitions. 
***** 

(1)  Whole-ship  charter  means  an 
arrangement  between  a  passenger 
vessel  operator  and  a  corporate  or 
institutional  entity: 

(1)  Which  provides  for  the  purchase  of 
all  the  passenger  accommodations  on  a 
vessel  for  a  particular  voyage  or  series 
of  voyages;  and 

(2)  Whereby  the  involved  corporate  or 
institutional  entity  provides  such 
accommodations  to  the  ultimate 
passengers  free  of  charge  and  such 
accommodations  are  not  resold  to  the 
public. 

3.  Section  540.5  is  amended  by 
revising  its  introductory  text,  paragraph 
(b),  and  by  adding  new  paragraphs  (e) 
and  (f)  reading  as  follows: 

§  540.5  Insurance,  guaranties,  escrow 
accounts,  and  self-insurance. 

Except  as  provided  in  §  540.9(j),  the 
amount  of  coverage  required  under  this 


section  and  §  540.6(b)  shall  be  in  an 
amount  determined  by  the  Commission 
to  be  no  less  than  110  percent  of  the 
unearned  passenger  revenue  of  the 
applicant  on  the  date  within  the  2  fiscal 
years  immediately  prior  to  the  filing  of 
the  application  which  reflects  the 
greatest  amount  of  unearned  passenger 
revenue,  unless  the  applicant  qualifies 
for  consideration  under  §  540.5(e).  The 
Commission,  for  good  cause  shown,  may 
consider  a  time  period  other  than  the 
previous  2-fiscal-year  requirement  in 
this  section  or  other  methods  acceptable 
to  the  Commission  to  determine  the 
amount  of  coverage  required.  Evidence 
of  adequate  financial  responsibility  for 
the  purposes  of  this  subpart  may  be 
established  by  one  or  a  combination 
(including  §  540.6  Surety  Bonds)  of  the 
following  methods: 
***** 

(b)  Filing  with  the  Commission 
evidence  of  an  escrow  account, 
acceptable  to  the  Commission,  for 
indemnification  of  passengers  in  the 
event  of  nonperformance  of  water 
transportation.  Parties  filing  escrow 
agreements  for  Commission  approval 
may  execute  such  agreements  in  the 
form  set  forth  in  appendix  A  of  subpart 
A  of  this  part. 

***** 

(e)  The  following  schedule  may  be 
applied  to  determine  the  minimum 
coverage  required  for  indemnification  of 
passengers  in  the  event  of 
nonperformance  of  water  transportation 
for  those  operators  who  can  provide 
evidence  (in  the  form  of  an  affidavit  by 
the  operator’s  Chief  Executive  Officer  or 
other  responsible  corporate  officer)  of  a 
minimum  of  five  years  of  operation  in 
United  States  trades  with  a  satisfactory 
explanation  of  any  claims  for 
nonperformance  of  transportation: 


Unearned  passenger  revenue 
("UPR’O 

Required  coverage 

$0-$5,000,000 . 

100%  of  UPR  up  to 
$5,000,000. 

$5,000,001  -$1 5,000,000 . 

$5,000,000  plus 

50%  of  excess 
UPR  over 
$5,000,000 
subject  to  an 
overall  maximum 
of  $5,000,000  per 
vessel. 

$15,000,001 -$35,000,000 . 

$10,000,000  plus 
25%  of  excess  of 
UPR  over 
$15,000,000 
subject  to  an 
overall  maximum 
of  $5,000,000  per 
vessel  and  a 

' 

$15,000,000 
overall  maximum. 

Unearned  passengt 
("UPR'* 

if  revenue 

Required  coverage 

Over  $35,000,000 . 

$15,000,000  overall 
maximum. 

(f)  Revenues  derived  from  whole-ship 
charters,  as  defined  in  §  540.2(1),  may  be 
exempted  from  consideration  as 
unearned  passenger  revenues,  on 
condition  that,  in  the  case  of  a  new 
operator  or  within  30  days  of  the 
execution  of  the  whole-ship  charter  if 
the  operator  has  a  Performance 
Certificate  for  the  vessel  in  question:  (1) 
A  certified  true  copy  of  the  contract  or 
charter  is  furnished  with  the  application; 
(2)  The  chartering  party  attests  that  it 
will  redistribute  the  vessel’s  passenger 
accommodations  without  charge;  and  (3) 
A  document  executed  by  the  chartering 
party’s  Chief  Executive  Officer  or  other 
responsible  corporate  officer  is 
submitted  by  which  the  chartering  party 
specifically  acknowledges  that  its  rights 
to  indemnification  under  section  3  of 
Public  Law  89-777  may  be  affected  by 
the  reduction  in  section  3,  Public  Law 
89-777,  financial  responsibility  coverage 
attributable  to  the  exclusion  of  such 
funds  from  the  operator’s  UPR. 

4.  An  appendix  A  is  added  to  part  540, 
subpart  A,  after  the  form  reprints, 
reading  as  follows: 


Escrow  Agreement 

1.  Legal  name(s),  state(s)  of  incorporation, 
description  of  business(es),  trade  name(s)  if 
any,  and  domicile(s)  of  each  party. 

2.  Whereas,  (name  of  the  passenger  vessel 
operator]  (“Operator”)  and/or  [name  of  the 
issuer  of  the  passenger  ticket]  (‘Ticket 
Issuer”)  wish(es)  to  establish  an  escrow 
account  to  provide  for  the  indemnification  of 
certain  of  its  passengers  utilizing  [name 
vessel(s)]  in  the  event  of  nonperformance  of 
transportation  to  which  such  passengers 
would  be  entitled,  and  to  establish  the 
Operator’s  and/or  Ticket  Issuer’s  financial 
responsibility  therefor;  and 

3.  Whereas,  [name  of  escrow  agent]  ("the 
Escrow  Agent”)  wishes  to  act  as  the  escrow 
agent  of  the  escrow  account  established 
hereunder. 

4.  The  Operator  and/or  Ticket  Issuer  will 
determine,  as  of  the  day  prior  to  the  opening 
date,  the  total  amounts  of  U.S.  unearned 
passenger  revenues  (“UPR”)  which  it  had  in 
its  possession.  Unearned  passenger  revenues 
are  defined  as  [incorporate  the  elements  of  46 
CFR  540.2(i}]. 

5.  The  Operator  and/or  Ticket  Issuer  shall 
on  tho  opening  date  deposit  an  amount  equal 
to  UPR  as  determined  above,  plus  a  cash 
amount  equal  to  [amount  equal  to  no  less 
than  10%  of  the  Operator’s  and/or  Ticket 
Issuer’s  UPR  on  the  date  within  the  2  fiscal 
years  immediately  prior  to  the  filing  of  the 


Appendix  A — Example  of  Escrow 
Agreement  for  Use  Under  46  CFR 
540.5(b) 
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escrow  agreement  which  reflects  the  greatest 
amount  of  UPR,  except  that  the  Commission, 
for  good  cause  shown,  may  consider  a  time 
period  other  than  the  previous  2-fiscal-year 
requirement  or  other  methods  acceptable  to 
the  Commission  to  determine  the  amount  of 
coverage  required]  (“initial  deposit”). 

6.  The  Operator  and/or  Ticket  Issuer  may 
at  any  time  deposit  additional  funds  into  the 
account. 

7.  The  Operator  and/or  Ticket  Issuer  shall, 
at  the  end  of  each  business  week,  recompute 
UPR  by  first  computing: 

A.  the  amount  by  which  UPR  has 
decreased  due  to:  (1)  Refunds  due  to 
cancellations;  (2)  amount  of  cancellation  fees 
assessed  in  connection  with  (1)  above:  and 
(3)  the  amount  earned  from  completed 
cruises;  and 

B.  the  amount  by  which  UPR  has  increased 
due  to  receipts  from  passengers  for  future 
water  transportation  and  all  other  related 
accommodations  and  services  not  yet 
performed. 

The  difference  between  the  above  amounts 
is  the  amount  by  which  UPR  has  increased  or 
decreased  (“new  UPR").  If  the  new  UPR  plus 
the  amount  of  the  initial  deposit  exceeds  the 
amount  in  the  escrow  account  the  Operator 
and/or  Ticket  Issuer  shall  deposit  the  funds 
necessary  to  make  the  account  balance  equal 
to  UPR  plus  the  initial  deposit.  If  the  account 
balance  exceeds  new  UPR  plus  the  initial 
deposit  the  balance  shall  be  available  to  the 
Operator  and/or  Ticket  Issuer.  The 
information  computed  in  paragraph  7  shall  be 
furnished  to  the  Commission  and  the  Escrow 
Agent  in  the  form  of  a  recomputation 
certificate  signed  and  certified  by  a 
competent  officer  of  the  Operator  and/or 
Ticket  Issuer.  Copies  sent  to  the  Commission 
are  to  be  addressed  to  the  Director,  Bureau  of 
Tariffs,  Certification  and  Licensing,  Federal 
Maritime  Commission,  Washington,  D.C. 
20573. 

&  A  monthly  report  shall  be  prepared  by 
the  Escrow  Agent  and  provided  to  the 
Operator  and/or  Ticket  Issuer  and  the 
Commission  within  15  days  of  the  end  of 
each  month  and  shall  list  the  investment 
assets  of  the  account,  their  original  cost  their 
current  market  value,  and  the  beginning  and 
ending  balance  of  the  account. 

9.  The  Operator’s  and/or  Ticket  Issuer's 
independent  auditors  shall  prepare  quarterly 
reports,  such  reports  to  be  furnished  to  the 
Escrow  Agent  and  the  Commission,  and  any 
shortfall  is  to  be  covered  within  one  business 
day. 

10.  The  Escrow  Agent  shall  invest  the  funds 
of  the  account  in  qualified  investments  as 
directed  by  the  Operator  and/or  Ticket 
Issuer.  Some  examples  of  qualified 
investments  are,  to  the  extent  permitted  by 
law: 

(a)  Government  obligations  of  the  United 
States  or  its  agencies; 

(b)  Certificates  of  deposit,  time  deposits  or 
acceptances  of  any  bank,  savings  institution 
or  trust  company  whose  debt  obligations  are 
in  the  two  highest  categories  rated  by 
Standard  and  Poor's  or  Moody's,  or  which  is 
itself  rated  in  the  two  highest  categories  by 
Keefe,  Bryette  and  Woods; 

(r.)  Commercial  paper  similarly  rated; 

(d)  Certificates  or  time  deposits  issued  by 
any  bank,  savings  institution  or  trust 


company  when  fully  insured  by  the  FD1C  or 
the  FSLIC; 

(e)  Money  market  funds  utilizing  securities 
of  the  same  quality  as  above;  and/or 

(f)  Corporate  bonds  of  the  three  highest 
categories,  as  rated  by  Standard  and  Poor's 
or  Moody's. 

11.  Income  derived  from  the  investments 
shall  be  credited  to  the  escrow  account. 

12.  The  purpose  of  the  escrow  agreement  is 
to  establish  the  financial  responsibility  of  the 
Operator  and/or  Ticket  Issuer  pursuant  to 
section  3  of  Public  Law  89-777,  approved 
November  5. 1966,  and  the  account  is  to  be 
utilized  to  discharge  the  Operator's  and/or 
Ticket  Issuer's  legal  liability  to  indemnify 
passengers  for  nonperformance  of 
transportation  via  the  (name  of  vessel(s)). 

The  Escrow  Agent  is  to  make  such  payments 
on  instructions  from  the  Operator  and/or 
Ticket  Issuer,  or.  in  the  absence  of  such 
instructions,  21  says  after  final  judgment 
against  the  Operator  and/or  Ticket  Issuer  in 
a  U.S.  Federal  or  State  court  having 
jurisdiction.  The  Operator  and/or  Ticket 
Issuer  will  pledge  to  each  passenger  holding 
a  ticket  for  future  passage  on  the  Operator's/ 
Ticket  Issuer's  vessel(s)  an  interest  in  the 
Escrow  Account  equal  to  the  Fares  amount 
shown  on  the  face  of  such  ticket  The  Escrow 
Agent  agrees  to  act  as  nominee  for  each 
passenger  until  transportation  is  performed 
or  until  passenger  has  been  compensated. 

13.  Escrow  Agent  shall  waive  right  to 
offset. 

14.  The  Operator  and/or  Ticket  Issuer  will 
indemnify  and  hold  Escrow  Agent  harmless. 

15.  Statement  of  the  parties’  agreement 
concerning  warranty  of  bona  fidee  by  the 
Operator  and/or  Ticket  Issuer  and  Escrow 
Agent. 

16.  Statement  of  the  parties'  agreement 
concerning  fees  to  be  paid  by  the  Operator 
and/or  Ticket  Issuer  to  Escrow  Agent, 
reimbursable  expenses  tb  be  paid  by  the 
Operator  and/or  Ticket  Issuer  to  Escrow 
Agent  A  statement  that  fees  for  subsequent 
terms  of  agreement  are  to  be  negotiated. 

17.  Statement  of  the  parties’  agreement 
concerning  the  term  of  agreement  and 
renewal/termination  procedures. 

18.  Statement  of  the  parties'  agreement 
concerning  procedures  for  appointment  of 
successor  Escrow  Agent 

19.  Statement  that  disposition  of  funds  on 
termination  shall  be  to  the  Operator  and/or 
Ticket  Issuer,  if  evidence  of  the  Commission's 
acceptance  of  alternative  evidence  of 
financial  responsibility  is  furnished; 
otherwise,  all  passage  fares  held  for 
uncompleted  voyages  are  to  be  returned  to 
the  passengers.  The  Operator  and/or  Ticket 
Issuer  shall  pay  all  fees  previously  earned  to 
the  Escrow  Agent. 

20.  Hie  agreement  may  be  enforced  by  the 
passengers,  the  Escrow  Agent,  the  Operator 
and/or  Ticket  Issuer  or  by  the  Federal 
Maritime  Commission. 

21.  All  assets  maintained  under  the  escrow 
agreement  shall  be  physically  located  in  the 
United  Sates  and  may  not  be  transferred, 
sold,  assigned,  encumbered,  etc.,  except  as 
provided  in  the  agreement 

22.  The  Commission  has  the  right  to 
examine  the  books  and  records  of  the 
Operator  and/or  Ticket  Issuer  and  the 


Escrow  Agent,  as  related  to  the  escrow 
account  and  the  agreement  may  not  be 
modified  unless  agreed  in  writing  by  the 
Operator  and/or  Ticket  Issuer  and  Escrow 
Agent  and  approved  in  writing  by  the 
Commission. 

*  *  *  *  * 

It  is  ordered.  That  Docket  No.  92-19 
Revision  of  Financial  Responsibility 
Requirements  for  Nonperformance  of 
Transportation,  is  hereby  discontinued. 

By  the  Commission. 

Joseph  C.  Polking, 

Secretary. 

[FR  Doc.  92-22081  Filed  9-11-92;  8:45  am] 
BILLING  CODE  S730-01-M 


DEPARTMENT  OF  COMMERCE 

National  Oceanic  and  Atmospheric 
Administration 

50  CFR  Parts  641  and  646 

[Docket  No.  920811-2223] 

Reef  Fish  Fishery  of  the  Gulf  of  Mexico 
and  Snapper-Grouper  Fishery  of  the 
South  Atlantic 

AGENCY:  National  Marine  Fisheries 
Service  (NMFS),  NOAA,  Commerce. 
action:  Final  rule,  technical 
amendment. 

SUMMARY:  NMFS  issues  this  technical 
amendment  to  clarify  and  to  standardize 
the  requirements  for  identification  tags 
on  fish  traps  in  the  Reef  Fish  Fishery  of 
the  Gulf  of  Mexico  and  sea  bass  traps  in 
the  Snapper-Grouper  Fishery  of  the 
South  Atlantic.  Specifically,  this  rule 
specifies  that  a  trap  tag,  available  from 
the  Director,  Southeast  Region,  NMFS, 
shows  the  month  and  year  through 
which  it  is  valid.  The  intended  effects  of 
this  rule  are  to  clarify  the  regulations 
and  to  conform  them  to  current 
procedures  for  issuing  permits  and  trap 
identification  tags. 

EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

W.  Perry  Allen.  813-693-3722. 
SUPPLEMENTARY  INFORMATION:  The  reef 
fish  fishery  of  the  Gulf  of  Mexico  and 
the  snapper-grouper  fishery  of  the  South 
Atlantic  are  managed  under  their  fishery 
management  plans  (FMPs)  prepared  by 
the  Gulf  of  Mexico  and  South  Atlantic 
Fishery  Management  Councils, 
respectively,  and  their  implementing 
regulations  at  50  CFR  parts  841  and  646, 
under  the  authority  of  the  Magnuson 
Fishery  Conservation  and  Management 
Act  (Magnuson  Act).  This  final  rule, 
technical  amendment,  revises  the 
language  pertaining  to  the  required 
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identification  of  fish  and  sea  bass  traps 
in  the  reef  fish  and  snapper-grouper 
fisheries  to  conform  with  the  current 
practice  for  issuing  permits  and  trap 
tags. 

Previously,  vessel  permits  and  trap 
tags  in  the  reef  fish  and  snapper-grouper 
fisheries  were  issued  for  a  calendar 
year.  Permits  are  now  issued  showing 
the  expiration  date  as  the  end  of  the 
month  of  birth  of  the  owner.  Trap  tags 
are  now  issued  with  the  expiration 
month  and  year,  as  stated  on  the  permit 
printed  thereon.  This  final  rule,  technical 
amendment  clarifies  and  standardizes 
the  language  of  the  regulations  in  this 
regard. 

In  addition,  current  language  in  the 
reef  fish  regulations  regarding 
replacement  of  tags  at  first  tending  of 
the  traps  after  expiration  of  the  old  tags 
is  removed  as  unnecessary. 

Replacement  tags  are  available 
sufficiently  in  advance  of  the  expiration 
of  old  ones  so  that  old  tags  may  be 
replaced  prior  to  their  expiration. 
Replacement  tags  are  valid  as  soon  as 
they  are  received. 

Classification 

This  technical  amendment  is  issued  as 
a  final  rule  under  50  CFR  parts  641  and 
646  and  complies  with  E.0. 12291. 

Because  this  rule:  (1)  Makes  non¬ 
substantive  clarifications  to  the 
regulations  and  (2)  does  not  change 
operating  practices  in  the  reef  fish  or 
snapper-grouper  fisheries,  the  Assistant 
Administrator  for  Fisheries,  NOAA, 
under  section  553(b)(B)  and  (d)  of  the 
Administrative  Procedure  Act  (5  U.S.C. 
553)  for  good  cause  finds  that  it  is 
unnecessary  and  contrary  to  the  public 
interest  to  provide  notice  and  public 


comment  on  this  rule  or  to  delay  for  30 
days  its  effective  date. 

This  rule  is  minor  and  technical  and. 
therefore,  is  not  a  “major  rule”  under 
E.0. 12291.  There  is  no  change  in  the 
regulatory  impacts  that  were  previously 
reviewed  and  analyzed. 

Because  this  rule  is  being  issued 
without  prior  public  comment,  a 
regulatory  flexibility  analysis  is  not 
required  under  the  Regulatory  Flexibility 
Act  and  none  has  been  prepared. 

Because  this  rule  makes  no  changes 
that  were  not  analyzed  in  the 
environmental  assessment  documents 
previously  prepared  to  comply  with  the 
National  Environmental  Policy  Act.  this 
rule  is  categorically  excluded  from  the 
requirement  to  prepare  an 
environmental  assessment  by  NOAA 
Administrative  Order  216-6. 

This  rule  does  not  directly  affect  the 
coastal  zone  of  any  state  with  an 
approved  coastal  management  program. 

This  rule  does  not  contain  a 
collection-of-information  requirement 
subject  to  the  Paperwork  Reduction  Act. 

This  rule  does  not  contain  policies 
with  federalism  implications  sufficient 
to  warrant  preparation  of  a  federalism 
assessment  under  E.0. 12612. 

List  of  Subjects  in  50  CFR  Parts  641  and 
646 

Fisheries,  Fishing,  Reporting  and 
recordkeeping  requirements. 

Dated:  September  4. 1992. 

William  W.  Fox,  Jr., 

Assistant  Administrator  for  Fisheries. 
National  Marine  Fisheries  Service. 

For  the  reasons  set  forth  in  the 
preamble,  50  CFR  parts  641  and  646  are 
amended  as  follows: 

1.  The  authority  citation  for  parts  641 
and  646  continues  to  read: 


Authority:  16  U.S.C.  1801  et  seq. 

PART  641—  REEF  FISH  FISHERY  OF 
THE  GULF  OF  MEXICO 

2.  In  §  641.6,  paragraph  (d)  is  revised 
to  read  as  follows: 

§  641.6  Vessel,  structure,  and  gear 
identification. 

*  *  *  *  * 

(d)  Fish  traps.  A  valid  identification 
tag,  available  from  the  Regional 
Director,  must  be  affixed  to  each  fish 
trap  used  or  possessed  in  the  EEZ.  Such 
tag  shows  the  specific  tag  number 
(normally  1  through  100.  or  less),  the 
permit  number,  and  the  month  and  year 
through  which  the  permit  and  tag  are 
valid. 


PART  646— SNAPPER-GROUPER 
FISHERY  OF  THE  SOUTH  ATLANTIC 

3.  In  §  646.6.  paragraph  (d)  is  revised 
to  read  as  follows: 

§  646.6  Vessel  and  gear  identification. 


(d)  Traps.  A  valid  identification  tag, 
available  from  the  Regional  Director, 
must  be  affixed  to  each  sea  bass  trap 
used  or  possessed  in  the  EEZ.  Such  tag 
shows  the  specific  tag  number,  the 
permit  number,  and  the  month  and  year 
through  which  the  permit  and  tag  are 
valid. 

*  *  •  *  * 

[FR  Doc.  92-22062  Filed  9-11-02;  8:45  am) 
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This  section  of  the  FEDERAL  REGISTER 
contains  notices  to  the  public  of  the 
proposed  issuance  of  rules  and 
regulations.  The  purpose  of  these  notices 
is  to  give  interested  persons  an 
opportunity  to  participate  in  the  rule 
making  prior  to  the  adoption  of  the  final 
rules. 


DEPARTMENT  OF  TRANSPORTATION 

Federal  Aviation  Administration 

14  CFR  Chapter  I 

[Summary  Notice  No.  PR-92-9] 

Petition  for  Rulemaking;  Summary  of 
Petitions  Received;  Dispositions  of 
Petitions  Issued 

AGENCY:  Federal  Aviation 
Administration  (FAA),  DOT. 

action:  Notice  of  petitions  for 
rulemaking  received  and  of  dispositions 
of  prior  petitions. 


summary:  Pursuant  to  FAA’s 
rulemaking  provisions  governing  the 
application,  processing,  and  disposition 
of  petitions  for  rulemaking  (14  CFR  part 
11),  this  notice  contains  a  summary  of 
certain  petitions  requesting  the  initiation 
of  rulemaking  procedures  for  the 
amendment  of  specified  provisions  of 
the  Federal  Aviation  Regulations  and  of 
denials  or  withdrawals  of  certain 
petitions  previously  received.  The 
purpose  of  this  notice  is  to  improve  the 
public’s  awareness  of,  and  participation 
in,  this  aspect  of  FAA's  regulatory 
activities.  Neither  publication  of  this 
notice  nor  the  inclusion  or  omission  of 
information  in  the  summary  is  intended 
to  affect  the  legal  status  of  any  petition 
or  its  final  disposition. 

DATES:  Comments  on  petitions  received 
must  identify  the  petition  docket  number 
involved  and  must  be  received  on  or 
before  November  13, 1992. 

ADDRESSES:  Send  comments  on  any 
petition  in  triplicate  to:  Federal  Aviation 
Administration,  Office  of  the  Chief 
Counsel,  Attn:  Rules  Docket  (AGC-10), 

Petition  Docket  No _ 800 

Independence  Avenue,  SW.. 
Washington,  DC  20591. 

The  petition,  any  comments  received, 
and  a  copy  of  any  final  disposition  are 
filed  in  the  assigned  regulatory  docket 
and  are  available  for  examination  in  the 
Rules  Docket  (AGC-10),  room  915G, 


FAA  Headquarters  Building  (FOB  10 A), 
800  Independence  Avenue,  SW., 
Washington,  DC  20591;  telephone  (202) 
267-3132. 

FOR  FURTHER  INFORMATION  CONTACT: 

Angela  M.  Washington,  Office  of 
Rulemaking  (ARM-1),  Federal  Aviation 
Administration,  800  Independence 
Avenue,  SW.,  Washington,  DC  20591; 
telephone  (202)  267-5571. 

This  notice  is  published  pursuant  to 
paragraphs  (b)  and  (f)  of  §  11.27  of  part 
11  of  the  Federal  Aviation  Regulations 
(14  CFR  part  11). 

Issued  in  Washington,  DC,  on  September  8, 
1992. 

Denise  D.  Castaldo, 

Manager,  Program  Management  Staff. 

Petitions  for  Rulemaking 

Docket  No.:  26850. 

Petitioner:  Michael  Donnelly. 
Regulations  Affected:  14  CFR  1.1. 
Description  of  Petition:  The  petitioner 
proposed  to  add  a  term  to  the  list  of 
definitions  in  §  1.1.  Specifically,  the 
petitioner  would  add  the  term 
‘‘airworthy"  to  mean  that  the  aircraft 
must  conform  to  its  type  design 
(certificate)  and  must  be  in  a  condition 
safe  for  operation. 

Petitioner’s  Reason  for  the  Request: 
The  petitioner  feels  that  this  definition  is 
one  that  promotes  a  clear  understanding 
of  the  term  airworthy  that  can  be  used 
by  everyone  in  aviation. 

Docket  No.:  26913. 

Petitioner:  Robert  Monson. 
Regulations, Affected:  14  CFR  67.3. 
Description  of  Petition:  The  petitioner 
proposes  to  repeal  §  67.3  of  the  FAR  in 
its  entirety  so  as  to  preclude  the  Federal 
Aviation  Administration  from  receiving 
National  Driver  Register  information 
pertaining  to  the  driving  record  of  an 
applicant  for  airmen  medical 
certification. 

Petitioner's  Reason  for  the  Request: 
The  petitioner  believes  that  FAR  §  67.3 
calls  for  an  airman  medical  certificate 
applicant  to  waive  his  privacy  rights 
under  5  U.S.C.  552(a)  by  allowing  the 
FAA  access  to  the  applicant’s  driving 
record.  The  petitioner  claims  that  this 
section  of  the  FAR  is  unconstitutional. 

(FR  Doc.  92-22092  Filed  9-11-92;  8:45  am) 

BILLING  CODE  4910-13-M 


DEPARTMENT  OF  COMMERCE 

Bureau  of  Export  Administration 

15  CFR  Part  799 

[Docket  No.  920818-2218] 

Revisions  to  the  Commerce  Control 
List  Equipment  Related  to  the 
Production  of  Biological  Weapons 

agency:  Bureau  of  Export 
Administration,  Commerce. 
action:  Proposed  rule. 

SUMMARY:  The  Bureau  of  Export 
Administration  maintains  the  Commerce 
Control  List  (CCL),  which  appears  in  the 
Export  Administration  Regulations 
(EAR).  This  rule  proposes  to  amend  the 
CCL  by  revising  Export  Control 
Classification  Number  (ECCN)  1B71E. 
This  ECCN  controls  dual-use  equipment 
that  can  be  used  in  the  production  of 
biological  weapons  (BW).  The  changes 
proposed  by  this  rule  are  intended  to 
conform  the  list  of  U.S.  controlled  BW 
items  to  the  list  being  considered  for 
adoption  by  countries  participating  in 
the  Australia  Group. 

DATES:  Comments  must  be  received  by 
October  14, 1992. 

ADDRESSES:  Written  comments  (six 
copies)  should  be  sent  to  Patricia 
Muldonian,  Office  of  Technology  and 
Policy  Analysis,  Bureau  of  Export 
Administration,  Department  of 
Commerce,  P.O..Box  273,  Washington, 
DC  20044. 

FOR  FURTHER  INFORMATION  CONTACT: 

For  questions  on  foreign  policy  controls, 
call  Toni  Jackson,  Office  of  Technology 
and  Policy  Analysis,  Bureau  of  Export 
Administration,  Telephone:  (202)  377- 
4531. 

For  questions  of  a  technical  nature  on 
equipment  that  can  be  used  to  produce 
chemical  and  biological  weapons 
agents,  call  James  Seevaratnam,  Office 
of  Technology  and  Policy  Analysis, 
Bureau  of  Export  Administration, 
Telephone:  (202)  377-4777. 
SUPPLEMENTARY  INFORMATION: 
Background 

On  July  15, 1992,  the  Bureau  of  Export 
Administration  (BXA)  published  in  the 
Federal  Register  (57  FR  31309)  an  interim 
rule  that  refined  the  scope  of  the 
technical  parameters  describing 
chemical  equipment  that  is  controlled 
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for  export.  For  example,  ECCN  1B70E. 
which  controls  equipment  that  can  be 
used  in  the  production  of  chemical 
weapons  precursors  or  chemical  warfare 
agents,  was  revised  to  except  from 
control  certain  chemical  equipment  that 
is  specially  designed  for  use  in  civil 
applications. 

The  rule  also  revised  the  list  of 
microorganisms  described  in  ECCN 
1C61B  by  conforming  the  list  with  the 
Australia  Group  list  The  rule  revised 
ECCN  1C61B  to  provide  a  positive  list  of 
viruses,  rickettsiae,  bacteria,  genetically 
modified  organisms,  and  toxins. 

At  the  June,  1992,  meeting  of  the 
Australia  Group,  the  United  States 
sought  the  agreement  of  all  Australia 
Group  governments  to  adopt 
comparable  controls  on  dual-use 
biological  equipment.  The  twenty-two 
member  Australia  Group,  in  which  the 
United  States  participates,  seeks  to 
prevent  the  proliferation  of  chemical 
and  biological  weapons.  The  delegates 
agreed,  subject  to  approval  by  their 
governments,  to  establish  a  common 
control  list  for  exports  of  dual-use 
biological  equipment.  This  proposed  rule 
describes  changes  to  the  U.S.  list  that 
would  conform  the  U.S.  controls  on 
biological  equipment  to  the  list  being 
considered  for  adoption  by  the  Australia 
Group. 

Concurrent  with  the  consideration  of 
the  Australia  Group’s  proposed 
equipment  list  by  member  governments, 
the  U.S.  is  requesting  comments  on  the 
changes  that  would  conforrit  the  U.S.  list 
to  the  proposed  Australia  Group  list 
Commerce  is  particularly  interested  in 
seeking  specific  comments  related  to: 

(1)  The  threshold  of  300  liters 
established  as  the  control  parameter  for 
fermenters;  and 

(2)  The  scope  of  the  control 
established  for  freeze-drying  equipment 
in  terms  of  its  impact  on  civilian 
applications. 

The  U.S.  expects  the  Australia  Group 
to  discuss  the  proposed  dual-use 
biological  equipment  at  the  September 
1992  meeting  of  the  Australia  Group. 

The  current  U.S.  list  of  equipment  that 
can  be  used  in  the  production  of 
biological  weapons  includes: 

a.  Detection  or  assay  systems  that  are 
capable  of  detecting  concentrations  of 
less  than  one  part  per  million  in  air  of 
biological  agents  or  toxins  controlled  by 
1C61. 

b.  Biohazard  containment  equipment 
as  follows: 

1.  Complete  P3  or  P4  level  laboratory 
facilities; 

2.  Equipment  that  incorporates  or  is 
contained  in  a  P3  or  P4  containment 
housing. 


c.  Equipment  for  the 
microencapsulation  of  live  organisms. 

The  Australia  Group  proposed  the  list 
of  biological  equipment  to  read  as 
follows: 

a.  Detection  or  assay  systems  that  are 
capable  of  detecting  concentrations  of 
less  than  one  part  per  million  in  air  of 
biological  agents  or  toxins  controlled  by 
1C61. 

b.  Biohazard  containment  equipment 
as  follows: 

1.  Complete  containment  facilities  at 
P3  or  P4  containment  level;  and 

2.  Equipment  that  incorporates  or  is 
contained  in  a  P3  or  P4  containment 
housing. 

c.  Fermenters  capable  of  cultivation  of 
pathogenic  microorganisms,  viruses  or 
for  toxin  production,  without  the 
propagation  of  aerosols,  and  having  all 
the  following  characteristics: 

1.  A  capacity  equal  to  or  greater  than 
300  liters; 

2.  Double  or  multiple  sealing  joints 
within  the  stream  containment  area; 

3.  Capable  of  in-situ  sterilization  in  a 
closed  state. 

Note:  Sub-groups  of  fermenters  include 
bioreactore,  chemostats,  and  continuous-flow 
systems. 

d.  Centrifugal  ^parators  capable  of 
the  continuous  separation  of  pathogenic 
micro-organisms,  without  the 
propagation  of  aerosols,  and  having  all 
of  the  following  characteristics: 

1.  A  flow  rate  greater  than  100  liters 
per  hour; 

2.  Components  of  polished  stainless 
steel  or  titanium; 

3.  Double  or  multiple  sealing  joints 
within  the  stream  containment  area; 

4.  Capable  of  in-situ  stream 
sterilization  in  a  closed  state. 

Note:  Centrifugal  separators  include 
decanters. 

e.  Cross-flow  filtration  equipment 
designed  for  continuous  separation  of 
pathogenic  microorganisms,  viruses, 
toxins,  and  cell  cultures  without  the 
propagation  of  aerosols,  having  all  of 
the  following  characteristics: 

1.  Equal  to  or  greater  than  5  square 
meters; 

2.  Capable  of  in-situ  sterilization. 

f.  Steam  sterilizable  freeze-drying 
equipment  with  condensor  capacity 
greater  than  50  kgs.  but  less  than  1,000 
kgs.  of  ice  in  24  hours. 

g.  Equipment  that  incorporates  or  is 
contained  in  P3  or  P4  containment 
housing,  as  follows: 

1.  Independently  ventilated  protective 
full  or  half  suits;  and 

2.  Class  III  biological  safety  cabinets 
or  isolators  with  similar  performance 
standards. 


h.  Chambers  designed  for  aerosol 
challenge  testing  with  pathogenic  micro¬ 
organisms,  viruses,  or  toxins  and  having 
a  capacity  of  1  cubic  meter  or  greater. 

Exports  and  reexports  of  equipment 
that  can  be  used  in  the  production  of 
biological  weapons  controlled  by  ECCN 
1B71E  will  continue  to  require  an 
individual  validated  license  to  Country 
Groups  S  and  Z  and  to  the  regions  and 
countries  listed  in  Supplement  No.  5  to 
part  778  of  the  Export  Administration 
Regulations  (EAR). 

Rulemaking  Requirements 

1.  This  rule  is  consistent  with 
Executive  Orders  12291  and  12661. 

2.  This  rule  involves  collections  of 
information  subject  to  the  Paperwork 
Reduction  Act  of  1980  (44  U.S.C.  3501  et 
seq.).  These  collections  have  been 
approved  by  the  Office  of  Management 
and  Budget  under  control  numbers  0694- 
0005  and  0694-0010. 

3.  This  rule  does  not  contain  policies 
with  Federalism  implications  sufficient 
to  warrant  preparation  of  a  Federalism 
assessment  under  Executive  Order 
12612. 

4.  Because  a  notice  of  proposed 
rulemaking  and  an  opportunity  for 
public  comment  are  not  required  to  be 
given  for  this  rule  by  section  553  of  the 
Administrative  Procedure  Act  (5  U.S.C. 
553)  or  by  any  other  law,  under  sections 
3(a)  of  the  Regulatory  Flexibility  Act  (5 
U.S.C.  803(a)  and  604(a))  no  initial  or 
final  Regulatory  Flexibility  Analysis  has 
to  be  or  will  be  prepared. 

5.  The  provisions  of  the 
Administrative  Procedure  Act,  (5  U.S.C. 
553),  requiring  notice  of  proposed 
rulemaking,  the  opportunity  for  public 
participation,  and  a  delay  in  effective 
date,  are  inapplicable  because  this 
regulation  involves  a  foreign  and 
military  affairs  function  of  the  United 
States.  No  other  law  requires  that  a 
notice  of  proposed  rulemaking  and  an 
opportunity  for  public  comment  be  given 
for  this  rule. 

However,  because  of  the  importance 
of  the  issues  raised  by  these  regulations, 
this  rule  is  issued  in  proposed  form  and 
comments  will  be  considered  in  the 
development  of  final  regulations. 
Accordingly,  the  Department  encourages 
interested  persons  who  wish  to 
comment  to  do  so  at  the  earliest 
possible  time  to  permit  the  fullest 
consideration  of  their  views. 

The  period  for  submission  of 
comments  will  close  October  14, 1992. 
The  Department  will  consider  all 
comments  received  before  the  close  of 
the  comment  period  in  developing  final 
regulations.  Comments  received  after 
the  end  of  the  comment  period  will  be 
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considered  if  possible,  but  their 
consideration  cannot  be  assured.  The 
Department  will  not  accept  public 
comments  accompanied  by  a  request 
that  a  part  or  all  of  the  material  be 
treated  confidentially  because  of  its 
business  proprietary  nature  or  for  any 
other  reason.  The  Department  will 
return  such  comments  and  materials  to 
the  person  submitting  the  comments  and 
will  not  consider  them  in  the 
development  of  final  regulations.  All 
public  comments  on  these  regulations 
will  be  a  matter  of  public  record  and 
will  be  available  for  public  inspection 
and  copying.  In  the  interest  of  accuracy 
and  completeness,  the  Department 
requires  comments  in  written  form.  Oral 
comments  must  be  followed  by  written 
memoranda,  which  will  also  be  a  matter 
of  public  record  and  will  be  available 
for  public  review  and  copying. 
Communications  from  agencies  of  the 
United  States  Government  or  foreign 
governments  will  not  be  made  available 
for  public  inspection. 

The  public  record  concerning  these 
regulations  will  be  maintained  in  the 
Bureau  of  Export  Administration 
Freedom  of  Information  Records 
Inspection  Facility,  room  4525, 
Department  of  Commerce,  14th  Street 
and  Pennsylvania  Avenue,  NW., 
Washington,  DC  20230.  Records  in  this 
facility,  including  written  public 
comments  and  memoranda  summarizing 
the  substance  of  oral  communications, 
may  be  inspected  and  copied  in 
accordance  with  regulations  published 
in  part  4  of  title  15  of  the  Code  of 
Federal  Regulations.  Information  about 
the  inspection  and  copying  of  records  at 
the  facility  may  be  obtained  from 
Margaret  Cornejo,  Bureau  of  Export 
Administration  Freedom  of  Information 
Officer,  at  the  above  address  or  by 
calling  (202)  377-5653. 

List  of  Subjects  in  15  CFR  Part  799 

Exports,  Reporting  and  recordkeeping 
requirements. 

Accordingly,  part  799  of  the  Export 
Administration  Regulations  (15  CFR 
parts  730-799)  is  proposed  to  be 
amended  as  follows: 

1.  The  authority  citation  for  15  CFR 
part  799  continues  to  read  as  follows: 

Authority:  Pub.  L  90-351, 82  Stat.  197  (18 
U.S.C.  2510  etseq.),  as  amended;  sec.  101, 

Pub.  L.  93-153, 87  Stat.  576  (30  U.S.C.  185),  as 
amended;  sec.  103,  Pub.  L.  94-163,  89  Stat.  877 
(42  U.S.C.  6212),  as  amended;  secs.  201  and 
201(ll)(e),  Pub.  L.  94-258,  90  Stat.  309  (10 
U.S.C.  7420  and  7430(e)),  as  amended:  Pub.  L. 
93-223,  91  Stat.  1826  (50  U.S.C.  1701  et  seq.)\ 
Pub.  L.  95-242.  92  Stat.  120  (22  U.S.C.  3201  et 
aeq.  and  42  U.S.C.  2139a);  sec.  208,  Pub.  L  95- 
372,  92  Stat.  668  (43  U.S.C.  1354);  Pub.  L.  96- 
72.  93  Stat.  503  (50  U.S.C.  App.  2401  et  seq .), 


as  amended;  sec.  125,  Pub.  L.  99-64. 99  Stat. 

158  (46  U.S.C.  466c);  E.0. 11912  of  April  13  . 
1976  (41  FR  15825,  April  15, 1976);  E.0. 12002 
of  July  7 , 1977  (42  FR  35623,  July  7, 1977),  as 
amended;  E.0. 12058  of  May  11 . 1978  (43  FR 
20947,  May  16, 1978);  E.0. 12214  of  May  2  , 

1980  (45  FR  29783,  May  6. 1980);  E.0. 12730  of 
September  30, 1990  (55  FR  40373,  October  2, 
1990),  as  continued  by  Notice  of  September 
28, 1991  (56  FR  49385,  September  27, 1991); 
and  E.0. 12735  of  November  18, 1990  (55  FR 
48587,  November  20, 1990),  as  continued  by 
Notice  of  November  14, 1991  (56  FR  58171, 
November  15, 1991). 

PART  799— [AMENDED] 

Supplement  No.  1  to  §  799.1— 
[Amended] 

2.  In  Supplement  No.  1  to  §  799.1, 
Category  1,  ECCN  1B71E  is  amended  by 
revising  the  List  of  Items  Controlled  to 
read  as  follows: 

1B71E  Equipment  that  can  be  used  in 
the  production  of  biological  weapons. 
****** 

List  of  Items  Controlled 

a.  Detection  or  assay  systems  that  are 

capable  of  detecting  concentrations  of 
less  than  one  part  per  million  in  air  of 
biological  agents  or  toxins  controlled  by 
1C61.  * 

b.  Biohazard  containment  equipment 
as  follows: 

b.l.  Complete  containment  facilities  at 
P3  or  P4  level  containment  level;  and 

b. 2.  Equipment  that  incorporates  or  is 
contained  in  a  P3  or  P4  containment 
housing. 

c.  Fermenters  capable  of  cultivation  of 
pathogenic  micro-organisms,  viruses  or 
for  toxin  production,  without  the 
propagation  of  aerosols,  and  having  all 
the  following  characteristics: 

c.l.  A  capacity  equal  to  or  greater 
than  300  liters; 

c.2.  Double  or  multiple  sealing  joints 
within  the  stream  containment  area; 

c. 3.  Capable  of  in-situ  sterilization  in  a 
closed  state. 

Note:  Sub-groups  of  fermenters  include 
bioreactors,  chemostats,  and  continuous-flow 
systems. 

d.  Centrifugal  separators  capable  of 
the  continuous  separation  of  pathogenic 
micro-organisms,  without  the 
propagation  of  aerosols,  and  having  all 
of  the  following  characteristics: 

d.l.  A  flow  rate  greater  than  100  liters 
per  hour; 

d.2.  Components  of  polished  stainless 
steel  or  titanium; 

d.3.  Double  or  multiple  sealing  joints 
within  the  stream  containment  area; 

d.4.  Capable  of  in-situ  stream 
sterilization  in  a  closed  state. 

Note:  Centrifugal  separators  include 
decanters. 


e.  Cross-flow  filtration  equipment 
designed  for  continuous  separation  of 
pathogenic  microorganisms,  viruses, 
toxins,  and  cell  cultures  without  the 
propagation  of  aerosols,  having  all  of 
the  following  characteristics: 

e.l.  Equal  to  or  greater  than  5  square 
meters; 

e. 2.  Capable  of  in-situ  sterilization. 

f.  Steam  sterilizable  freeze-drying 
equipment  with  condensor  capacity 
greater  than  50  kgs.  but  less  than  1,000 
kgs.  of  ice  in  24  hours. 

g.  Equipment  that  incorporates  or  i9 
contained  in  P3  or  P4  containment 
housing,  as  follows: 

g.l.  Independently  ventilated 
protective  full  or  half  suits;  and 

g. 2.  Class  III  biological  safety  cabinets 
or  isolators  with  similar  performance 
standards. 

h.  Chambers  designed  for  aerosol 
challenge  testing  with  pathogenic  micro¬ 
organisms,  viruses,  or  toxins  and  having 
a  capacity  of  1  cubic  meter  or  greater. 

Dated:  September  4, 1992. 

James  M.  LeMunyon, 

Acting  Assistant  Secretary  for  Export 
Administration. 

[FR  Doc.  92-22038  Filed  9-11-92;  8:45  am] 

BILLING  CODE  3510-DT-M 


DEPARTMENT  OF  THE  TREASURY 
Customs  Service 
19  CFR  Part  146 

Petroleum  Refineries  in  Foreign  Trade 
Subzones;  Extension  of  Time  for 
Comments 

AGENCY:  U.S.  Customs  Service, 
Department  of  the  Treasury. 

ACTION:  Extension  of  time  for  comments. 

SUMMARY:  This  document  extends  the 
period  of  time  within  which  interested 
members  of  the  public  may  submit 
comments  concerning  proposed 
amendments  to  the  Customs 
Regulations,  which  would  add  special 
procedures  and  requirements  governing 
the  operation  of  crude  petroleum 
refineries  approved  as  foreign  trade 
subzones,  in  implementation  of  section 
9002  of  the  Technical  and  Miscellaneous 
Revenue  Act  of  1988,  which  amended 
the  Foreign  Trade  Zones  Act,  to  make 
specific  provision  for  petroleum  refinery 
subzones.  A  document  inviting  the 
public  to  comment  on  these  proposed 
amendments  was  published  in  the 
Federal  Register  on  August  10, 1992  (57 
FR  35530),  and  comments  were  to  have 
been  received  on  or  before  October  9, 
1992.  Customs  has  received  a  request 
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from  a  trade  association  to  extend  the 
period  of  time  for  comments.  Customs 
believes  the  request  has  merit. 
Accordingly,  the  period  of  time  for  the 
submission  of  comments  is  being 
extended  until  December  8, 1992. 

DATES:  Comments  must  be  submitted  on 
or  before  December  8, 1992. 

ADDRESSES:  Comments  may  be 
submitted  to  and  inspected  at  the 
Regulations  and  Disclosure  Law  Branch. 
U.S.  Customs  Service,  room  2119, 1301 
Constitution  Avenue,  NW.,  Washington. 
DC  20229.  All  comments  submitted  will 
be  available  for  public  inspection  in 
accordance  with  the  Freedom  of 
Information  Act  (5  U.S.C.  552),  §  1.4, 
Treasury  Department  Regulations  (31 
CFR  1.4),  and  §  103.11(b),  Customs 
Regulations  (19  CFR  103.11(b)),  between 
9 DO  a.m.  and  4:30  p.m.  on  normal 
business  days,  at  the  above  address. 

FOR  FURTHER  INFORMATION  CONTACT: 
Russell  Berger,  Regulations  and 
Disclosure  Law  Branch,  (202)  566-8237. 

Dated:  September  9. 1992. 

Harvey  B.  Fox, 

Director.  Office  of  Regulations  and  Rulings. 

|FR  Doc.  92-22145  Filed  9-11-92:  8:45  am] 

BILLING  CODE  4820-02-M 

Internal  Revenue  Service 
26  CFR  Part  1 
( PS-264-82] 

R1N  1545-AE88 

Adjustments  to  Basis  of  Stock  and 
indebtedness  to  Shareholders  of  S 
Corporations  and  Treatment  of 
Distributions  By  S  Corporations  to 
Shareholders;  Cancellation 

agency:  Internal  Revenue  Service, 
Treasury. 

action:  Cancellation  of  notice  of  public 
hearing  on  proposed  regulations. 

SUMMARY:  This  document  provides 
notice  of  cancellation  of  a  public  hearing 
on  proposed  regulations  relating  to 
adjustments  to  the  basis  of  a 
shareholder’s  stock  in  an  S  corporation 
to  a  shareholder  as  well  as  proposed 
regulations  relating  to  the  treatment  of 
distributions  by  an  S  corporation  to  its 
shareholders. 

DATES:  The  public  hearing  originally 
scheduled  for  Monday,  September  14, 
1992,  beginning  at  10  a.m.  is  cancelled. 
FOR  FURTHER  INFORMATION  CONTACT: 
Mike  Slaughter  of  the  Regulations  Unit. 
Assistant  Chief  Counsel  (Corporate), 
202-622-6803,  (not  a  toll-free  number). 
SUPPLEMENTARY  INFORMATION:  The 
subject  of  the  public  hearing  is  proposed 


regulations  under  sections  1367  and  1368 
of  the  Internal  Revenue  Code.  The 
proposed  regulations  appearing  in  the 
Federal  Register  for  Tuesday,  June  9, 
1992  (57  FR  24426),  announced  the  public 
hearing  on  the  proposed  regulations 
would  be  held  on  Monday,  September 
14, 1992,  beginning  at  10  a.m.,  in  the 
Internal  Revenue  Service  Auditorium. 
Seventh  Floor,  7400  Corridor,  Internal 
Revenue  Service  Building,  1111 
Constitution  Avenue,  NW.,  Washington. 
DC. 

The  public  hearing  scheduled  for 
Monday,  September  14, 1992  has  been 
cancelled. 

Dale  D.  Goode, 

Federal  Register  Liaison  Officer.  Assistant 
Chief  Counsel  ( Corporate). 

FR  Doc.  92-22229  Filed  9-10-92;  12:03  pm] 
BILLING  CODE  4830-0 1-M 


DEPARTMENT  OF  THE  INTERIOR 

Office  of  Surface  Mining  Reclamation 
and  Enforcement 

30  CFR  Part  917 

Kentucky  State  Abandoned  Mine  Land 
Reclamation  Plan  Under  the  Surface 
Mining  Control  and  Reclamation  Act  of 
1977 

AGENCY:  Office  of  Surface  Mining 
Reclamation  and  Enforcement  (OSM), 
Interior. 

ACTION:  Proposed  rule. 

summary:  OSM  is  announcing  the 
receipt  of  a  proposed  program 
amendment  to  the  Kentucky  State 
Abandoned  Mine  Land  Redamation 
(AMLR)  Plan  (hereinafter  referred  to  as 
the  Kentucky  AMLR  plan)  under  the 
Surface  Mining  Control  and  Reclamation 
Act  of  1977  (SMCRA).  Kentucky  has 
submitted  the  proposed  amendment  by 
letter  dated  June  24, 1992, 
(Administrative  Record  No.  K-63).  The 
purpose  of  the  amendment  is  to  modify 
the  Kentucky  AMLR  plan  so  that  coal- 
mined  sites  that  are  eligible  under  the 
language  of  Public  Law  101-508 
(November  5, 1990),  which  amended 
Public  Law  95-87,  may  be  reclaimed 
under  the  Kentucky  AMLR  program.  The 
amendment  consists  of  an  appropriate 
modification  of  language  contained 
within  Chapter  3  "Goals  and 
Obligations"  and  Chapter  15  “Maps  of 
Eligible  Lands  and  Waters"  of  the 
Kentucky  plan. 

This  notice  sets  forth  the  times  and 
locations  that  the  Kentucky  program  and 
the  proposed  amendment  are  available 
for  public  inspection,  the  comment 
period  during  which  interested  persons 


may  submit  written  comments  on  the 
proposed  amendment,  and  the 
procedures  that  will  be  followed 
regarding  a  public  hearing,  if  one  is 
requested. 

DATES:  Written  comments  must  be 
received  on  or  before  4  p.m.  on  October 
14. 1992.  If  requested,  a  public  hearing 
on  the  proposed  amendment  will  be  held 
at  10  a.m.  on  October  9, 1992.  Requests 
to  present  oral  testimony  at  the  hearing 
must  be  received  on  or  before  4  p.m.  on 
September  29, 1992. 

ADDRESSES:  Written  comments  and 
requests  for  a  hearing  should  be  mailed 
or  hand  delivered  tcx  William  J.  Kovacic. 
Director,  Lexington  Field  Office,  Office 
of  Surface  Mining  Reclamation  and 
Enforcement,  340  Legion  Drive,  suite  28, 
Lexington.  Kentucky  40504.  Copies  of 
the  Kentucky  plan,  the  proposed 
amendment,  and  all  written  comments 
received  in  response  to  this  notice  will 
be  available  for  review  at  the  addresses 
listed  below,  Monday  through  Friday,  9 
a.m.  to  4  p.m.,  excluding  holidays.  Each 
requestor  may  receive,  free  of  charge, 
one  copy  of  the  proposed  amendment  by 
contacting  OSM’s  Lexington  Field 
Office. 

Office  of  Surface  Mining  Reclamation 
and  Enforcement,  Lexington  Field 
Office,  340  Legion  Drive,  Suite  28. 
Lexington,  Kentucky  40504, 

Telephone:  (606)  233-2896 
Office  of  Surface  Mining  Reclamation 
and  Enforcement,  Eastern  Support 
Center,  Ten  Parkway  Center, 
Pittsburgh,  Pennsylvania  15220, 
Telephone:  (412)  937-2828 
Department  for  Surface  Mining 
Reclamation  and  Enforcement,  No.  2 
Hudson  Hollow  Complex,  Frankfort, 
Kentucky  40601,  Telephone:  (502)  564- 
6940 

If  a  public  hearing  is  held,  its  location 
will  be:  The  Harley  Hotel,  2143  North 
Broadway,  Lexington,  Kentucky  40505. 

FOR  FURTHER  INFORMATION  CONTACT: 

William  J.  Kovacic,  Director,  Lexington 
Field  Office.  Telephone  (606)  233-2896. 

SUPPLEMENTARY  INFORMATION 

I.  Background 

On  May  18, 1982,  the  Secretary  of  the 
Interior  approved  the  Kentucky  AMLR 
plan.  Information  pertinent  to  the 
general  background,  revisions, 
modifications,  and  amendments  to  the 
proposed  permanent  program 
submission,  as  well  as  the  Secretary's 
findings,  the  disposition  of  comments 
and  a  detailed  explanation  of  the 
approval  can  be  found  in  the  May  18, 
1982,  Federal  Register  (47  FR  21435- 
21439).  The  plan  was  first  amended  in  a 
final  rule  published  in  the  August  24, 
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1983,  Federal  Register  (48  FR  38463- 
38464).  This  amendment  modified  the 
Chapter  8  “Right  of  Entry”  provisions  of 
the  Kentucky  AMUR  plan. 

Chapter  9  "Public  Participation"  was 
amended  on  December  17, 1984,  without 
opportunity  for  public  hearing  since  the 
proposed  revision  did  not  change  the 
objectives,  scope  or  major  policies 
followed  by  the  State.  The  third 
amendment  of  the  plan  was  published 
as  a  final  rule  in  the  July  14, 1987, 

Federal  Register  (52  FR  26299-26300). 

The  amendment  revised  provisions  of 
Chapter  4  “Project  Ranking  and 
Selection  Procedures.” 

I!.  Discussion  of  Amendment 

By  letter  dated  }une  24, 1992, 
(Administrative  Record  No.  K-83), 
Kentucky  submitted  a  proposed 
amendment  to  the  Kentucky  AMLR  plan. 
The  purpose  of  the  amendment  is  to 
modify  the  Kentucky  AMLR  plan  so  that 
coal-mined  sites  that  are  eligible  under 
the  language  of  Public  Law  101-508 
(November  5, 1990),  which  amended 
Public  Law  95-87,  may  be  reclaimed 
under  the  Kentucky  AMLR  program.  The 
amendment  consists  of  an  appropriate 
modification  of  language  contained 
within  Chapter  3  “Goals  and 
Obligations”  and  Chapter  15  “Maps  of 
Eligible  Lands  and  Waters”  of  the 
Kentucky  plan  as  follows: 

(1)  Goals  and  Objectives  (30  CFR 
884(c)(1)) 

Kentucky  is  revising  this  part  of  the 
plan  in  order  to  incorporate  a  reference 
to  Public  Law  101-508  (The  Reclamation 
Act  of  1990),  which  amends  title  IV  of 
Public  Law  95-87  (SMCRA). 

(2)  Maps  of  Eligible  Lands  and  Waters 
(30  CFR  884.13(f)(1)) 

Kentucky  is  revising  this  part  of  the 
plan  to  include  those  post-1977 
abandoned  mine  lands  and  water  made 
eligible  for  reclamation  by  the  AML 
Reclamation  Act  of  1990  which  amended 
SMCRA. 

The  full  text  of  the  proposed  program 
amendment  submitted  by  Kentucky  is 
available  for  public  inspection  at  the 
addresses  listed  above. 

III.  Public  Comment  Procedures 

In  accordance  with  the  provisions  of 
30  CFR  732.17(h),  OSM  is  now  seeking 
comment  on  whether  the  amendment 
proposed  by  Kentucky  satisfies  the 
applicable  program  approval  criteria  of 
30  CFR  732.15.  If  the  amendment  is 
deemed  adequate,  it  will  become  part  of 
the  Kentucky  AMLR  plan. 


Written  Comments 

Written  comments  should  be  specific, 
pertain  only  to  the  issues  proposed  in 
this  rulemaking,  and  include 
explanations  in  support  of  the 
commentor*s  recommendations. 
Comments  received  after  the  time 
indicated  under  “DATES”  or  at  locations 
other  than  the  Lexington  Field  Office 
will  not  necessarily  be  considered  in  the 
final  rulemaking  or  included  in  the 
Administrative  Record. 

Public  Hearing 

Persons  wishing  to  comment  at  the 
public  hearing  should  contact  the  person 
listed  under  “FOR  FURTHER  INFORMATION 
CONTACT"  by  4  p.m.  on  September  29, 
1992.  If  no  one  requests  an  opportunity 
to  comment  at  a  public  hearing,  the 
hearing  will  not  be  held.  Filing  of  a 
written  statement  at  the  time  of  the 
hearing  is  requested  as  it  will  greatly 
assist  the  transcriber.  Submission  of 
written  statements  in  advance  of  the 
hearing  will  allow  OSM  officials  to 
prepare  adequate  responses  and 
appropriate  questions. 

The  public  hearing  will  continue  on 
the  specified  date  until  all  persons 
scheduled  to  comment  have  been  heard. 
Persons  in  the  audience  who  have  not 
been  scheduled  to  comment,  and  who 
wish  to  do  so,  will  be  heard  following 
those  scheduled.  The  hearing  will  end 
after  all  persons  scheduled  to  comment 
and  persons  present  in  the  audience 
who  wish  to  comment  have  been  heard. 

Public  Meeting 

If  only  one  person  requests  an 
opportunity  to  comment  at  a  hearing,  a 
public  meeting,  rather  than  a  public 
hearing,  may  be  held.  Persons  wishing  to 
meet  with  OSM  representatives  to 
discuss  the  proposed  amendments  may 
request  a  meeting  at  the  OSM,  Lexington 
Field  Office  listed  under  “addresses” 
by  contacting  the  person  listed  under 
“FOR  FURTHER  INFORMATION  CONTACT.” 
All  such  meetings  will  be  open  to  the 
public  and,  if  possible,  notices  of 
meetings  will  be  posted  in  advance  at 
the  locations  listed  under  “ADDRESSES.” 
A  written  summary  of  each  meeting  will 
be  made  a  part  of  the  Administrative 
Record. 

Executive  Order  No.  12291 

On  March  30, 1992,  the  Office  of 
Management  and  Budget  (OMB)  grant 
OSM  an  exemption  from  sections  3, 4,  7 
and  8  of  Executive  Order  12291  for 
actions  related  to  the  approval  or 
disapproval  of  State  and  Tribal 
abandoned  mine  land  reclamation  plans 
and  revisions  thereof.  Therefore, 
preparation  of  a  regulatory  impact 


analysis  is  not  necessary  and  OMB 
regulatory  review  is  not  required. 

Executive  Order  12778 

The  Department  of  the  Interior  has 
conducted  the  reviews  required  by 
section  2  of  Executive  Order  12778  and 
has  determined  that,  to  the  extent 
allowed  by  law,  this  rule  meets  the 
applicable  standards  of  subsections  (a) 
and  (b)  of  that  section.  However,  these 
standards  are  not  applicable  to  the 
actual  language  of  State  and  Tribal 
abandoned  mine  land  reclamation  plans 
and  revisions  thereof  since  each  such 
plan  is  drafted  and  adopted  by  a 
specific  State  or  Tribe,  not  by  OSM. 
Decisions  on  proposed  State  and  Tribal 
abandoned  mine  land  reclamation  plans 
and  revisions  thereof  submitted  by  a 
State  or  Tribe  are  based  on  a 
determination  of  whether  the  submittal 
meets  the  requirements  of  Title  IV  of 
SMCRA  (30  U.S.C.  1231-1243)  and  the 
Federal  regulations  at  30  CFR  part  884. 

National  Environmental  Policy  Act 

No  environmental  impact  statement  is 
required  for  this  rule  since  agency 
decisions  on  proposed  State  and  Tribal 
abandoned  mine  land  reclamation  plans 
and  revisions  thereof  are  categorically 
excluded  from  compliance  with  the 
National  Environmental  Policy  Act  (42 
U.S.C.  4332)  by  the  Manual  of  the 
Department  of  the  Interior  (516  DM  6, 
appendix  8,  paragraph  8.4B(29). 

Paperwork  Reduction  Act 

This  rule  does  not  contain  information 
collection  requirements  which  require 
approval  by  the  Office  of  Management 
and  Budget  under  the  Paperwork 
Reduction  Act,  44  U.S.C.  3507  et  seq. 

Regulatory  Flexibility  Act 

The  Department  of  the  Interior  has 
determined  that  this  rule  will  not  have  a 
significant  economic  impact  on  a 
substantial  number  of  small  entities 
under  the  Regulatory  Flexibility  Act  (5 
U.S.C.  601  et  seq.).  The  State  [or  Tribal] 
submittal  which  is  the  subject  of  this 
rule  is  based  upon  Federal  regulations 
for  which  an  economic  analysis  was 
prepared  and  certification  made  that 
such  regulations  would  not  have  a 
significant  economic  effect  upon  a 
substantial  number  of  small  entities. 
Hence,  this  rule  will  ensure  that  existing 
requirements  established  by  SMCRA  or 
previously  promulgated  by  OSM  will  be 
implemented  by  the  State  [or  Tribe).  In 
making  the  determination  as  to  whether 
this  rule  would  have  a  significant 
economic  impact,  the  Department  relied 
upon  the  data  and  assumptions  in  the 
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analyses  for  the  corresponding  Federal 
regulations. 

List  of  Subjects  in  30  CFR  Part  917 

Intergovernmental  relations.  Surface 
mining.  Underground  mining, 
Abandoned  mine  land  reclamation. 

Dated:  August  7, 1992. 

Jeffrey  D.  Jarret, 

Acting  Assistant  Director,  Eastern  Support 
Center. 

[FR  Doc.  92-21905  Filed  9-11-92:  8:45  am] 
BILLING  CODE  4310-05-M 


DEPARTMENT  OF  TRANSPORTATION 
Coast  Guard 
33  CFR  Part  162 
1CGD  85-096] 

PIN  2115-AC03 

Navigation  on  Certain  Waterways 
Tributary  to  the  Gulf  of  Mexico 

agency:  Coast  Guard,  DOT. 
action:  Withdrawal  of  proposed 
rulemaking. 

SUMMARY:  On  September  26, 1991,  the 
Coast  Guard  published  a  notice  of 
proposed  rulemaking  (NPRM) 
concerning  navigation  on  certain 
waterways  tributary  to  the  Gulf  of 
Mexico  (56  FR  48773).  On  December  18, 
1991,  in  response  to  letters  to  the  docket, 
the  Coast  Guard  extended  the  comment- 
period  through  March  26, 1992  (58  FR 
65720).  On  March  13, 1992,  the  Coast 
Guard  extended  the  comment-period 
through  April  27, 1992  (57  FR  8852),  to 
allow  for  public  hearings  in  Corpus 
Christi,  Galveston,  and  New  Orleans. 

On  April  22, 1992,  the  Coast  Guard  again 
extended  the  comment-period,  through 
May  28, 1992  (57  FR  14682),  to  allow  for 
a  public  hearing  in  Saint  Louis.  Letters 
to  the  docket  and  statements  at  the 
public  hearings  showed  two 
diametrically  opposed  points  of  view. 

Nine  letters  to  the  docket  favored  the 
proposed  rulemaking.  One  of  those 
letters  enclosed  a  petition  signed  by  41 
towboat  pilots.  Thirty-four  letters  to  the 
docket  opposed  the  rulemaking.  One  of 
those  letters  forwarded  31  other  letters 
from  operators  of  towing  vessels.  Sixty- 
six  persons  attended  the  public 
hearings.  Testimony  at  the  hearings  was 
about  equally  divided,  although  few  in 
Corpus  Christi  and  Galveston  were  for 
the  proposal  while  few  in  Saint  Louis 
were  against  it. 

Many  objected  to  the  requirements  of 
paragraph  (c)  of  the  NPRM,  “Anchoring 
and  mooring  in  channels  or  waterways 
not  designated  for  anchoring  or 


mooring."  Most  of  those  objecting 
thought  these  were  new  requirements 
since  they  are  seldom  enforced  except  in 
cases  of  repeated  or  blatant  violation. 

But  these  requirements  are  substantially 
the  same  in  the  NPRM  as  in  the  existing 
rule,  paragraph  (b)(3),  "Anchoring  or 
mooring."  The  Coast  Guard  still 
considers  these  requirements  important 
for  safety,  and  a  deterrent  to 
unauthorized  barge-fleeting  areas. 

The  major  concern  was  the  NPRM’s 
allowing  double-wide  tows  to  operate 
without  obtaining  oversize-tow  permits. 
The  clear  division  of  opinion  was  based 
on  what  kind  of  cargo  was  being  carried. 
The  operators  and  shippers  that  move 
dry  bulk  cargoes,  such  as  salt  and  stone, 
were  for  the  proposal.  Those  that  move 
petroleum  and  hazardous  substances 
were  against  it.  The  comments  on  each 
side,  both  written  and  spoken,  were 
clear,  persuasive,  and  eloquently  stated. 
There  were  good  arguments  for  either 
case.  Many  commented  that  it  would  be 
more  economical  to  tow  six  barges 
double-wide  than  to  tow  five  barges 
single-file,  and  that  historically  they 
have  had  no  safety  problems  towing  six 
barges  double-wide.  On  the  other  hand, 
many  found  the  prospect  of  double-wide 
tows  colliding  with  hazardous-cargo 
barges  in  a  narrow  waterway — with  the 
resultant  environmental  damage,  spill 
penalties,  and  ruinous  cleanup  costs — 
alarming. 

The  Coast  Guard  has  decided  to 
withdraw  the  proposed  rulemaking 
because  of  the  overriding  concern  for 
safety.  Although  the  current  system  of 
allowing  large  numbers  of  oversize 
permits  has  proved  almost  accident-free, 
the  possibility  exists  that  granting 
universal  permission  for  double-wide 
tows  could  create  an  increased  threat  of 
collision,  environmental  damage,  and 
economic  loss.  The  risk  is  too  great  to 
accept.  The  procedures  for  reviewing 
and  granting  oversize-tow  permits  seem 
to  work:  therefore,  they  will  not  be 
revised  at  this  time.  The  proposed 
rulemaking  is  hereby  withdrawn,  and  33 
CFR  182.75  stands  without  change. 

FOR  FURTHER  INFORMATION  CONTACT: 

Mr.  Harry  C.  Robertson,  Short-Range 
Aids  to  Navigation  Division,  U.S.  Coast 
Guard  Headquarters,  (202)  267-0405;  or 
Mr.  Monty  Ledet,  Aids  to  Navigation 
Branch,  Eighth  Coast  Guard  District, 
(504)  589-4686. 

Dated:  September  8. 1992. 

W.J.  Ecker, 

Rear  Admiral,  U.S.  Coast  Guard,  Chief,  Office 
of  Navigation  Safety  and  Waterway  Services. 
(FR  Doc.  92-22129  Filed  9-11-92;  8:45  am) 

BILLING  CODE  4910-14-M 


DEPARTMENT  OF  COMMERCE 
Patent  and  Trademark  Office 
37  CFR  Part  1 
[Docket  No.  920670-2170] 

RIN  0651-AA57 

Changes  In  Procedures  for  Revival  of 
Patent  Applications  and  Reinstatement 
of  Patents 

AGENCY:  Patent  and  Trademark  Office, 
Commerce. 

ACTION:  Notice  of  proposed  rulemaking. 

SUMMARY:  The  Patent  and  Trademark 
Office  (Office)  is  proposing  to  amend  the 
rules  of  practice  in  patent  cases  to: 
Modify  the  petition  requirements  for 
reviving  abandoned  applications:  extend 
the  provisions  for  revival  under  the 
unintentional  standards  to  applications 
abandoned;  modify  the  requirements  for 
a  petition  to  accept  late  payment  of  a 
maintenance  fee  filed  more  than  six 
months  after  expiration  of  a  patent; 
modify  the  requirements  for  a  petition  to 
accept  unavoidably  delayed  payment  of 
a  maintenance  fee;  and  provide  for 
reinstatement  of  a  patent  where  the 
delay  in  timely  payment  of  a 
maintenance  fee  was  unintentional,  in 
the  event  that  proposed  statutory 
changes  are  enacted. 

DATES:  Written  comments  must  be 
received  on  or  before  November  13, 

1992,  to  ensure  consideration.  An  oral 
hearing  will  not  be  conducted. 
ADDRESSES:  Address  written  comments 
to  the  Office  of  the  Assistant 
Commissioner  for  Patents,  Box  DAC, 
Washington,  DC  20231,  marked  to  the 
attention  of  Abraham  Hershkovitz. 
Comments  may  be  sent  by  fax  to  the 
attention  of  Abraham  Hershkovitz  at 
(703)  305-8825. 

FOR  FURTHER  INFORMATION  CONTACT: 

Abraham  Hershkovitz  by  telephone  at 
(703)  305-9282  or  by  mail  marked  to  his 
attention  and  addressed  to  Office  of  the 
Assistant  Commissioner  for  Patents,  Box 
DAC,  Washington,  DC  20231. 
SUPPLEMENTARY  information:  Current 
regulations  provide  for  revival  of  patent 
applications  which  were  abandoned  for 
failure  to  timely  prosecute  or  failure  to 
timely  pay  an  issue  fee  under  the 
unavoidable  standard.  In  certain 
situations,  patent  applications  can  also 
be  revived  under  the  unintentional 
standard.  A  petition  to  revive  under  the 
unavoidable  standard  is  subject  to  a 
requirement  that  the  petition  be  filed 
promptly  after  the  applicant  is  notified 
of,  or  otherwise  becomes  aware  of,  the 
abandonment.  Under  the  unavoidable 
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standard,  any  petition  filed  more  than 
six  months  after  the  date  of 
abandonment  of  the  application  must  be 
accompanied  by  a  terminal  disclaimer 
disclaiming  the  period  of  abandonment. 
Promptness  is  not  a  requirement  for 
petitions  filed  under  the  unintentional 
standard.  The  proposed  change  would 
encourage  promptness  in  filing  petitions 
to  revive  under  the  unintentional 
standard  by  requiring  the  filing  of  a 
terminal  disclaimer  when  the  period  of 
abandonment  exceeds  six  months.  The 
Office  calculates  the  period  of 
abandonment  as  being  the  number  of 
months  from  the  date  of  abandonment 
until  the  date  of  filing  of  a  gran  table 
petition.  The  proposed  change  would 
require  that,  in  a  manner  similar  to  the 
current  practice  under  the  unavoidable 
standard,  a  grantable  petition  under  the 
unintentional  standard  would  have  to  be 
filed  within  six  months  of  the  date  of 
abandonment,  or  the  requirement  for  a 
terminal  disclaimer  would  have  to  be 
satisfied.  As  an  example,  a  petition  to 
revive,  under  the  unavoidable  or  the 
unintentional  standard,  filed  within  two 
months  from  the  date  of  abandonment,  if 
grantable,  would  not  require  a  terminal 
disclaimer.  However,  if  the  petition  to 
revive  is  dismissed  for  a  deficiency  such 
as  insufficient  showing  (for  petitions 
under  the  unavoidable  standard),  or  lack 
of  a  statement  (for  petitions  under  the 
unintentional  standard),  or  lack  of  a 
sufficient  petition  fee,  or  lack  of  a 
proposed  response,  and  a  renewed 
petition  to  revive  providing  the  lacking 
item  is  timely  filed,  but  is  filed  more 
than  six  months  after  the  date  of 
abandonment,  then  a  terminal 
disclaimer  would  be  required. 

Section  41  of  title  35,  United  States 
Code,  establishes  fees  that  the 
Commissioner  shall  charge  for  patent- 
related  matters.  A  bill  to  amend  title  35 
with  respect  to  the  late  payment  of 
maintenance  fees  has  been  introduced 
on  June  4, 1992,  in  the  House  of 
Representatives  as  H.R.  5328  (hereafter, 
Bill).  The  Bill  proposes  to: 

(1)  Amend  35  U.S.C.  41(c)(1)  to  permit 
reinstatement  of  a  patent  which  expired 
unintentionally  for  failure  to  timely  pay 
the  maintenance  fee,  provided  that  the 
payment  is  made  within  eighteen 
months  after  the  six-month  grace  period 
specified  in  35  U*5.C.  41(b);  and 

(2)  Amend  35  U.S.C.  41(a)(7)  to  require 
a  petition  fee  for  an  unintentionally 
delayed  payment  for  maintaining  a 
patent  in  force. 

The  unintentional  standard  is  not 
currently  available  for  applications 
abandoned  under  $  1.53(d)  (specifically 
excluded  in  {  1.137(b))  and  patents 
expired  for  failure  to  pay  a  maintenance 
fee.  The  proposed  changes  (some  of 


which  hinge  on  enactment  of  the  Bill) 
would  expand  the  applicability  of  the 
unintentional  standard  to  applications 
abandoned  under  §  1.53(d)  and  patents 
expired  for  failure  to  pay  a  maintenance 
fee. 

In  order  to  expedite  implementation  of 
the  proposed  legislative  changes,  the 
proposed  amendments  to  the  rules  of 
practice  include  proposals  contingent 
upon  enactment  of  the  Bill.  These 
changes  are  found  in  §§  1.17(m),  1.378(a) 
and  1.378(c). 

If  the  Bill  is  not  enacted,  the  proposed 
changes  to  §§  1.17(m),  1.378(a)  and 
1.378(c)  will  not  include  the  changes 
proposed  in  the  Bill  regarding 
acceptance  of  late  payment  of 
maintenance  fees,  where  the  delay  in 
payment  was  unintentional. 

Discussion  of  Specific  Sections  To  Be 
Changed  or  Added 

(1)  Patent  Application  Processing  Fees 
(Section  1.17) 

Paragraph  1.17(1)  is  proposed  to  be 
amended  to  provide  for  petition  fees  for 
reinstating  a  patent  under  the 
unavoidable  standard  in  a  manner 
similar  to  the  fees  charged  for  reviving 
an  abandoned  application  or  accepting 
delayed  payment  of  an  issue  fee.  In  the 
event  that  die  Bill  is  enacted,  paragraph 
1.17(m)  is  proposed  to  be  amended  to 
require  a  petition  fee  for  reinstating  a 
patent  under  the  unintentional  standard 
in  a  manner  similar  to  the  fee  charged 
for  reviving  an  abandoned  application 
or  for  accepting  delayed  payment  of  an 
issue  fee.  These  changes  are  proposed  to 
ensure  consistency  with  the  proposed 
changes  in  §  1.378. 

(2)  Unavoidable  or  Unintentional 
Abandonment  of  an  Application 

Sections  1.137, 1.155, 1.318  and  1.317 
each  provide  for  petitions  to  the 
Commissioner  for  relief  from  failure  to 
timely  comply  with  a  requirement  of  the 
Office.  Section  1.137  provides  for 
petitions  to  revive  patent  applications 
abandoned  for  failure  to  prosecute 
where  the  delay  in  prosecution  was 
unavoidable  (§  1.137(a))  or  the  delay 
was  unintentional  (§  1.137(b)).  Section 
1.155  provides  or  petitions  for 
acceptance  of  late  payment  of  issue  fees 
in  applications  for  design  patents  as 
though  no  abandonment  had  ever 
occurred  where  the  delay  in  payment 
was  unavoidable  (5  1.155(b))  or 
unintentional  (§  1.155(c)).  Section  1.316 
provides  for  petitions  for  acceptance  of 
late  payment  of  issue  fees  in 
applications  for  patent  as  though  no 
abandonment  had  ever  occurred  where 
the  delay  in  payment  was  unavoidable 
(5  1.316(b))  or  unintentional  (§  1.316(c)). 


Section  1.317  provides  for  acceptance  of 
late  payment  of  the  balance  of  issue  fees 
in  patents  as  though  no  lapse  had  ever 
occurred  where  the  delay  in  payment 
was  unavoidable  (§  1.317(b))  or 
unintentional  (5  1.317(c)). 

In  order  to  obtain  relief  under  the 
unavoidable  standard  in  the  above- 
noted  sections,  the  regulations  require 
the  filing  of  a  terminal  disclaimer  if  the 
petition  is  filed  more  than  six  months 
after  the  date  of  abandonment.  See 
§§  1.137(c),  1.155(d),  1.316(d)  and 
1.317(d).  The  terminal  period  to  be 
disclaimed  is  a  period  equivalent  to  the 
period  of  abandonment.  The  period  of 
abandonment  is  considered  to  be  the 
number  of  months  lapsed  from  the  date 
of  abandonment  until  the  date  of  filing 
of  a  grantable  petition. 

Petitions  filed  under  the  unintentional 
standard  in  the  above-noted  sections 
have  no  express  promptness 
requirement,  nor  a  terminal  disclaimer 
requirement.  This  has  led,  in  many 
cases,  to  a  practice  contrary  to  the 
intent  of  the  unintentional  provisions. 
Applicants  have  often  delayed  filing  a 
petition  under  the  unintentional 
standard  until  close  to  the  expiration  of 
the  one-year  period.  In  other  instances, 
applicants  delayed  filing  a  petition 
under  the  unintentional  standard 
because  they  miscalculated  the  one-year 
period  and  this  resulted  in  the  applicant 
being  unable  to  show  that  the  delay  was 
unavoidable  or  that  relief  was  available 
under  the  unintentional  standard.  In  re 
Application  of  S,  8  USPQ2d  1630 
(Comm’r  Pat.  1988). 

The  proposed  change  to  require 
terminal  disclaimers  for  petitions  under 
the  unintentional  standard  filed  more 
than  six  months  after  the  date  of 
abandonment  will  help  to  ensure  that 
petitions  are  filed  promptly  after 
discovery  of  abandonment.  The  same 
degree  of  promptness  is  required 
regardless  of  whether  the  petitions  are 
filed  under  the  unavoidable  or  the 
unintentional  standards.  The 
requirement  for  a  terminal  disclaimer 
should  not  be  viewed  as  a  substitute  for 
the  requirement  of  prompt  filing  of  a 
petition.  See  In  re  Application  of  Takao, 
17  USPQ2d  1155  (Comm’r  Pat  1990); 
“Diligence  in  Filing  Petitions  to  Revive 
and  Petitions  to  Withdraw  the  Holding 
of  Abandonment”,  1124  Off.  Gaz.  Pat. 
Office  33  (March  19, 1991). 

Sections  1.137(c),  1.155(d)  and  1.316(d) 
are  proposed  to  be  amended  to  reflect 
the  current  practice  that  a  terminal 
disclaimer  filed  for  the  purpose  of 
reviving  an  application  also  applies  to  a 
patent  granted  on  any  continuing 
application  entitled  to  the  benefit  of  the 
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filing  date  of  the  subject  application 
under  35  U.S.C.  120. 

Applicants  may  petition  under  the 
provisions  of  §  1.183  for  a  waiver  of  the 
requirement  that  a  period  equivalent  to 
the  period  of  abandonment  be 
disclaimed  if  it  can  be  shown  that  an 
extraordinary  situation  exists  in  which 
justice  requires  waiver  of  this 
requirement. 

In  situations  where  petitions  under  the 
above-noted  sections  were  not  grantable 
because  of  insufficient  evidence 
submitted  or  petitioner’s  failure  to 
comply  with  certain  requirements,  the 
Office  dismissed  those  petitions  with  an 
indication  as  to  the  missing  items  and 
warned  petitioners  that  if 
reconsideration  was  desired  a  renewed 
petition  supplying  the  omissions  had  to 
be  filed  promptly.  While  the  promptness 
requirement  was  not  precisely  defined, 

§  1.181(f)  requires  the  filing  of  petitions 
within  two  months  from  an  action 
complained  of  in  order  to  avoid  possible 
dismissal  of  the  petition  on  the  grounds 
that  it  was  not  timely  filed.  It  is 
proposed  that  the  above-noted  sections 
be  amended  to  specify  a  two-month 
period  or  such  time  as  may  be  set  in  the 
dismissal  as  being  the  appropriate 
deadline  for  requesting  reconsideration. 
In  those  situations  where  petitioners 
require  more  time  to  gather  additional 
evidence  or  items  needed  for 
reconsideration,  an  extension  of  time  of 
up  to  four  months  may  be  obtained 
under  the  provisions  of  §  1.136(a).  The 
filing  of  a  renewed  petition  within  the 
period  specified  in  the  decision  or 
within  the  extended  period  permitted 
under  §  1.138  will  satisfy  the  promptness 
requirement  of  petitions  under  the 
unavoidable  standard.  Upon  failure  to 
timely  file  a  renewed  petition  under  the 
unavoidable  standard,  the  Office  will 
require  a  showing  of  unavoidable  delay 
for  the  entire  period  of  abandonment. 
Upon  failure  to  timely  file  a  renewed 
petition  under  the  unintentional 
standard,  petitioner  may  be  subject  to  a 
loss  of  the  right  to  proceed  under  the 
unintentional  standard  if  more  than  one 
year  lapsed  between  the  date  of 
abandonment  and  the  date  of  the 
renewed  petition  is  filed. 

The  unintentional  provisions  specified 
in  §  1.137(b)  will  apply  to  applications 
abandoned  under  §  1.53(d).  Effective 
November  5, 1990,  the  Commissioner 
waived,  under  §  1.183,  the  exception 
specified  in  §  1.137(b)  as  to  applicability 
of  petitions  under  the  unintentional 
standards  to  applications  abandoned 
under  §  1.53(d).  See  “Petitions  to  Revive 
Patent  Applications  Waiver  of 
Provisions  of  37  CFR  1.137(b)",  1121  Off. 
Gaz.  Pat.  Office  6  (December  4, 1990). 


The  proposed  change  in  §  1.137(b)  will 
incorporate  this  new  practice  into  the 
regulations. 

The  Office  adopted  a  policy  wherein, 
under  certain  strictly  limited  conditions, 
the  one-year  period  for  requesting 
revival  of  an  unintentionally  abandoned 
application  could  be  waived. 

Accordingly,  the  prohibition  against 
requests  for  waiver  found  in  §  §  1.137(b), 
1.155(c),  1.316(c)  and  1.317(c)  is  proposed 
to  be  deleted.  See  “Petitions  Under  37 
CFR  1.183  to  Waive  the  One  Year  Time 
Period  Requirement  in  37  CFR  1.137(b), 
1.155(c)  and  1.316(c)”  at  1059  Off.  Gaz. 
Pat.  Office  4  (October  1, 1985).  However, 
applicants  are  cautioned  that  waiver  of 
the  one-year  deadline  under  the 
unintentional  standard  will  continue  to 
be  subject  to  strictly  limited  conditions. 

(3)  Issue  and  Term  of  Design  Patents 
(Section  1.155) 

Section  1.155  is  proposed  to  be 
amended  to  be  consistent  with  the 
proposed  changes  to  §  1.137.  Paragraph 
(b)  of  §  1.155  is  further  proposed  to  be 
modified  to  correct  a  typographical 
error.  In  the  reference  to  fee  section 
1.17(1),  the  letter  (1)  should  have 
appeared  instead  of  the  numeral  (1). 

(4)  Application  Abandoned  for  Failure 
to  Pay  Issue  Fee  (Section  1.316) 

Section  1.316  is  proposed  to  be 
amended  to  be  consistent  with  the 
proposed  changes  to  8  1.137.  Paragraph 
(b)  of  8  1.316  is  further  proposed  to  be 
modified  to  correct  a  typographical 
error.  In  the  reference  to  fee  8  1.17(1),  the 
letter  (1)  should  have  appeared  instead 
of  the  numeral  (1). 

(5)  Lapsed  Patents;  Delayed  Payment  of 
Balance  of  Issue  Fee  (Section  1.317) 

Section  1.317  contains  a  provision 
regarding  issue  fees  paid  prior  to 
October  1, 1982.  Prior  to  that  date,  the 
Office  charged  an  initial  base  issue  fee 
and,  depending  on  the  size  of  the 
specification  and  drawings  printed, 
billed  applicants  for  a  balance  of  issue 
fee  due.  Subsequent  to  October  1, 1982, 
applicants  were  required  to  pay  the 
same  issue  fee  regardless  of  the  size  of 
the  specification  and  drawings. 
Reference  to  the  date  in  8  1.317  may  be 
deleted  at  this  point  in  time  since  it  is  no 
longer  relevant  to  pending  applications. 
However,  practice  under  this  section 
continues  to  be  relevant  when  a  fee 
change  becomes  effective  before 
payment  is  received. 

In  order  to  satisfy  the  requirement  of 
35  U.S.C.  151,  the  Office  mails  out  a 
Notice  of  Allowance  which  specifies  the 
sum  of  the  issue  fee  due.  When  the  issue 
fee  amount  is  changed,  the  sum 
specified  on  the  Notice  of  Allowance  is 


at  times  different  from  that  required  at 
the  time  payment  is  actually  received  in 
the  Office.  If  applicants  submit  issue  fee 
payments  in  the  amount  specified  on  the 
Notice  of  Allowance  after  the  effective 
date  of  a  fee  increase,  then  a  balance  of 
issue  fee  is  due.  The  Office  will  accept 
payment  of  the  amount  specified  on  the 
Notice  of  Allowance  and  process  the 
application  into  a  patent.  In  accordance 
with  35  U.S.C.  151  and  37  CFR  1.317,  a 
notice  is  sent  to  applicants  requesting 
payment  of  the  balance  of  the  issue  fee 
due  (the  difference  between  the  fee  due 
at  time  of  receipt  of  payment  in  the 
Office  and  the  fee  specified  on  the 
Notice  of  Allowance)  and  setting  a 
three-month  period  for  payment.  See  In 
re  Mills,  12  USPQ2d  1847  (Comm’r  Pat 

1989) .  Failure  to  pay  the  balance  of  the 
issue  fee  within  the  specified  three- 
month  period  will  result  in  lapse  of  the 
patent.  Therefore,  the  reference  to 
October  1, 1982,  in  8  1.317  is  proposed  to 
be  replaced  by  language  specifying  the 
consequences  of  failure  to  pay  the  issue 
fee  due  at  the  time  payment  is  made. 

Other  amendments  are  proposed  to 
make  8  1.317  consistent  with  the 
proposed  changes  in  8  1.137.  Paragraph 
(b)  of  8  1-317  is  further  proposed  to  be 
modified  to  correct  a  typographical 
error.  In  the  reference  to  fee  8  1-17(1),  the 
letter  (1)  should  have  appeared  instead 
of  the  numeral  (1). 

(6)  Delayed  Payment  of  a  Maintenance 
Fee  (Section  1.378) 

Petitions  to  accept  delayed  payment 
of  a  maintenance  fee  in  an  expired 
patent  require  a  showing  of  unavoidable 
delay.  In  the  case  of  petitions  filed  more 
than  six  months  after  expiration  of  a 
patent,  8  1.378(c)  further  requires  a 
showing  that  the  failure  to  timely  pay 
the  maintenance  fee  was  beyond  the 
control  of  the  patentee.  The  Office  has 
determined  that  the  "beyond  the 
control"  standard  does  not  find 
adequate  support  in  the  relevant  statute 
(35  U.S.C  41(c))  or  in  the  legislative 
history  of  Public  Law  97-247.  See 
"Acceptance  of  Delayed  Payment  of 
Maintenance  Fees  in  Expired  Patents”, 
1115  Off.  Gaz.  Pat.  Office  18  (June  12, 

1990) . 

Furthermore,  the  practice  of  accepting 
late  payment  of  maintenance  fees  is 
proposed  to  be  modified  to  be  more 
analogous  to  the  practice  of  reviving 
abandoned  applications  and  accepting 
late  payment  of  issue  fees.  Additionally, 
the  public  interest  is  best  served  by 
prompt  reinstatement  of  a  patent  in 
which  there  was  an  unavoidable  or 
unintentional  delay  in  the  timely 
payment  of  the  maintenance  fee. 
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The  requirements  for  a  petition  to 
accept  late  payment  of  a  maintenance 
fee,  where  die  delay  was  unavoidable, 
are  outlined  in  paragraph  (b]  of  §  1.378. 

In  addition  to  the  maintenance  fee  and 
surcharge  previously  required, 
paragraph  (b)  is  proposed  to  be 
amended  to  require  a  petition  fee  and 
prompt  filing  of  a  petition  after  the 
patentee  is  notified,  or  otherwise 
becomes  aware,  of  the  expiration  of  the 
patent. 

The  Bill,  if  enacted,  would  amend 
subsection  41(c)(1)  of  title  35,  United 
States  Code,  to  permit  the  Commissioner 
to  accept  late  payment  of  any 
maintenance  fee  filed  within  eighteen 
months  after  the  six-month  grace  period, 
or  within  such  shorter  time  as  fixed  by 
the  Commissioner,  if  the  delay  in 
payment  is  shown  to  the  satisfaction  of 
the  Commissioner  to  have  been 
unintentional.  In  order  to  implement  the 
legislation  proposed  in  the  Bill,  if 
enacted,  paragraph  (c)  of  §  1.378  is 
proposed  to  be  modified  to  permit  the 
filing  of  a  petition  to  accept  late 
payment  of  a  maintenance  fee,  where 
the  delay  in  payment  was  unintentional. 

It  is  in  the  public's  interest  to  know  as 
soon  as  possible  if  an  expired  patent 
will  be  reinstated.  Accordingly, 
paragraph  (c)  of  §  1.378  is  proposed  to 
be  amended  to  permit  reinstatement  of 
an  unintentionally  expired  patent, 
provided  that  the  petition  is  filed  within 
six  months  of  the  end  of  the  grace  period 
specified  at  35  U.S.C.  41(b),  or  within 
two  months  of  the  date  patentee  became 
aware  of  the  expiration  of  the  patent, 
but  not  later  than  eighteen  months  after 
the  grace  period. 

In  addition  to  the  timeliness  deadlines 
set  forth  in  the  preceding  paragraph,  it  is 
proposed  that  a  petition  filed  under  the 
unintentional  standard  of  §  1.378(c) 
would  have  to  include  the  petition  fee 
set  forth  in  §  1.17(m)(3),  the  required 
maintenance  fee  set  forth  in  §  1.20  (e) 
through  (g),  the  surcharge  for  an  expired 
patent  as  set  forth  in  §  1.20(i)  and  a 
statement  that  the  delay  in  timely 
payment  of  the  maintenance  fee  was 
unintentional. 

For  a  transitional  period  of  two 
months  from  the  date  of  enactment  of 
the  Bill,  the  requirement,  specified  in 
proposed  §  1.378(c)(5),  that  any  petition, 
be  filed  within  six  months  of  the  end  of 
the  grace  period,  or  within  two  months 
of  the  date  patentee  became  aware  of 
the  expiration  of  the  patent,  will  be 
waived,  sua  sponte,  pursuant  to  §  1.183 
to  allow  consideration  of  any  petition 
filed  within  eighteen  months  of  the  end 
of  the  grace  period. 

If  the  Bill  is  not  enacted,  the  proposed 
changes  to  §§  1.17, 1.378(a)  and  1.378(c) 
will  not  include  the  changes  proposed  in 


the  Bill  relative  to  acceptance  of  late 
payment  of  maintenance  fees  under  the 
unintentional  standard. 

Other  Considerations 

The  proposed  rule  change  is  in 
conformity  with  the  requirements  of  the 
Regulatory  Flexibility  Act  (5  U.S.C.  601 
et  seq.),  Executive  Orders  12291  and 
12612  and  the  Paperwork  Reduction  Act 
of  1980,  44  U.S.C.  3501  et  seq. 

The  General  Counsel  of  the 
Department  of  Commerce  has  certified 
to  the  Chief  Counsel  for  Advocacy, 

Small  Business  Administration,  that 
these  proposed  rule  changes  will  not 
have  a  significant  adverse  economic 
impact  on  a  substantial  number  of  small 
entities  (Regulatory  Flexibility  Act,  5 
U.S.C.  605(b)).  The  principal  impact  of 
these  proposed  changes  is  to  incorporate 
existing  Office  policy  into  the 
regulations  and  to  provide  a  more 
efficient  procedure  to  revive  abandoned 
applications. 

The  Office  has  determined  that  this 
proposed  rule  change  is  not  a  major  rule 
under  Executive  Order  12291.  The 
annual  effect  on  the  economy  will  be 
less  than  $100  million.  There  will  be  no 
major  increase  in  costs  or  prices  for 
consumers;  individuals;  industries; 
Federal,  state  or  local  government 
agencies;  or  geographic  regions  because 
most  of  the  proposed  changes  reduce 
procedural  burdens.  There  will  be  no 
significant  adverse  effects  on 
competition,  employment,  investment, 
productivity,  innovation,  or  on  the 
ability  of  United  States-based 
enterprises  to  compete  with  foreign- 
based  enterprises  in  domestic  or  export 
markets. 

The  Office  has  also  determined  that 
this  notice  has  no  Federalism 
implications  affecting  the  relationship 
between  the  National  Government  and 
the  States  as  outlined  in  Executive 
Order  12612. 

These  proposed  rule  changes  contain 
a  collection  of  information  requirements 
subject  to  the  Paperwork  Reduction  Act 
of  1980, 44  U.S.C.  3501  et  seq.,  which  has 
previously  been  approved  by  the  Office 
of  Management  and  Budget  under 
Control  No.  0651-0011. 

List  of  Subjects  in  37  CFR  Part  1 

Administrative  practice  and 
procedure,  Freedom  of  information, 
inventions  and  patents.  Reporting  and 
record  keeping  requirements. 

For  the  reasons  set  out  in  the 
preamble,  and  pursuant  to  the  authority 
contained  in  35  U.S.C.  6,  the  Office 
proposes  to  amend  37  CFR  part  1  as 
follows,  wherein  deletions  are  indicated 
by  brackets  ((])  and  additions  by  arrows 
(><): 


PART  1— RULES  OF  PRACTICE  IN 
PATENT  CASES 

1.  The  authority  citation  for  37  CFR 
part  1  would  continue  to  read  as 
follows: 

Authority:  35  U.S.C.  6,  unless  otherwise 
noted. 

2.  Section  1.17  is  proposed  to  be 
amended  by  revising  paragraphs  (1)  and 
(m)  to  read  as  follows: 

§  1.17  Patent  application  processing  fees 
and  surcharge. 

***** 

(1)  For  filing  a  petition: 

(1)  For  [the]  revival  of  an  unavoidably 
abandoned  application  under  35  U.S.C. 
sections  111,  133,  364,  or  371,  or 

(2)  For  >the  unavoidably  <  delayed 
payment  of  the  issue  fee  under  35  U.S.C. 
151  >,  or 

(3)  For  the  unavoidably  delayed 
payment  of  the  maintenance  fee  under 
35  U.S.C  41(c)(1)  <: 


By  a  small  entity  (5  1.9(f)) - -  $55.00 

By  other  than  a  small  entity - «...  110.00 


(m)  For  filing  a  petition: 

(1)  For  revival  of  an  unintentionally 
abandoned  application,  or 

(2)  For  the  unintentionally  delayed 
payment  of  the  fee  for  issuing  a  patent 
>.  or 

(3)  For  the  unintentionally  delayed 
payment  of  the  fee  for  maintaining  a 
patent  <: 


By  a  small  entity  (5  1.9(f)) .  $585.00 

By  other  than  a  small  entity .... — ..  1,170.00 


***** 

3.  Section  1.137  is  proposed  to  be 
amended  by  revising  paragraphs  (a)-(c) 
and  adding  paragraphs  (d)  and  (e)  to 
read  as  follows: 

§  1.137  Revival  of  abandoned  application. 

(a)  An  application  abandoned  for 
failure  to  prosecute  may  be  revived  as  a 
pending  application  if  it  is  shown  to  the 
satisfaction  of  the  Commissioner  that 
the  delay  was  unavoidable.  A  petition  to 
revive  an  abandoned  application  must 
be  promptly  filed  after  the  applicant  is 
notified  of,  or  otherwise  becomes  aware 
of,  the  abandonment,  and  must  be 
accompanied  by  > : 

(1)  A  proposed  response  to  continue 
prosecution  of  that  application,  or  the 
filing  of  a  continuing  application,  unless 
either  has  been  previously  filedf 

(2)  The  petition  fee  as  set  forth  in 
§  1.17(1);  and 
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(3)  A  showing  that  the  delay  was 
unavoidable.  <  [a  showing  of  the  causes 
of  the  delay,  by  the  proposed  response 
unless  it  has  been  previously  filed,  and 
by  the  petition  feet  set  forth  in  §  1.17(1). 
Such  >The<  showing  must  be  a 
verified  showing  if  made  by  a  person 
not  registered  to  practice  before  the 
Patent  and  Trademark  Office. 

(b)  An  application  unintentionally 
abandoned  for  failure  to  prosecute  [, 
except  pursuant  to  §  1.53(d),]  may  be 
revised  as  a  pending  application  if  the 
delay  was  unintentional.  (A  petition  to 
revive  an  unintentionally  abandoned 
application  must  be  filed  within  one 
year  of  the  date  on  which  the 
application  became  abandoned  or  be 
filed  within  three  months  of  the  date  of 
the  first  decision  on  a  petition  to  revive 
under  paragraph  (a)  of  this  section 
which  was  filed  within  one  year  of  the 
date  of  abandonment  of  the  application.] 
A  petition  to  revive  an  unintentionally 
abandoned  application  must  be 
[accompanied  by]: 

(1)  >  Accompanied  by  a  proposed 
response  to  continue  prosecution  of  that 
application,  or  the  filing  of  a  continuing 
application,  unless  either  has  been 
previously  filed; 

(2)  Accompanied  by  the  petition  fee  as 
set  forth  in  §  1.17(m); 

(3)  Accompanied  by  a  statement  that 
the  abandonment  was  unintentional.  < 
[A  statement  that  the  abandonment  was 
unintentional;  (2)  A  proposed  response 
unless  it  has  been  previously  filed,  and 
(3)  a  petition  fee  as  set  forth  in  §  1.17(m). 
Such]  >The<  statement  must  be  a 
verified  statement  if  made  by  a  person 
not  registered  to  practice  before  the 
Patent  and  Trademark  Office.  The 
Commission  may  require  additional 
information  where  there  is  a  question 
whether  the  abandonment  was 
unintentional  >;  and 

(4)  Filed: 

(i)  Within  one  year  of  the  date  on 
which  the  application  became 
abandoned;  or 

(ii)  Within  three  months  of  the  date  of 
the  first  decision  on  a  petition  to  revive 
under  paragraph  (a)  of  this  section 
which  was  filed  within  one  year  of  the 
date  on  which  the  application  became 
abandoned  <. 

[The  three  month  period  set  forth  in  this 
paragraph  may  be  extended  under  the 
provisions  of  §  1.136(a),  but  no  further 
extensions  under  8  1.136(b)  will  be 
granted.  Petitions  to  the  Commissioner 
under  8  1.183  to  waive  any  time  periods 
for  requesting  revival  of  an 
unintentionally  abandoned  application 
will  not  be  considered,  but  will  be 
returned  to  the  applicant] 


(c)  Any  petition  pursuant  to 
[paragraph]  >  paragraphs  <  (a)  >or 

(b)  <  of  this  section  not  filed  within  six 
months  of  the  date  of  abandonment  >of 
the  application,  <  must  be  accompanied 
by  a  terminal  disclaimer  with  fee  under 
§  1.321  dedicating  to  the  public  a 
terminal  part  of  the  term  of  any  patent 
granted  thereon  equivalent  to  the  period 
of  abandonment  of  the  application. 

>The  terminal  disclaimer  must  also 
apply  to  any  patent  granted  on  any 
continuing  application  entitled  under  35 
U.S.C.  8  120  to  the  benefit  of  the  filing 
date  of  the  application  for  which  revival 
is  sought. 

(d)  Any  request  for  reconsideration  or 
review  of  a  decision  refusing  to  revive 
an  application  upon  petition  filed 
pursuant  to  paragraphs  (a)  or  (b)  of  this 
section,  to  be  considered  timely,  must  be 
filed  within  two  months  of  the  decision 
refusing  to  revive  or  within  such  time  as 
set  in  the  decision. 

(e)  The  time  periods  set  forth  in  this 
section  cannot  be  extended,  except  that 
the  three-month  period  set  forth  in 
paragraph  (b)(4)(ii)  and  the  time  period 
set  forth  in  paragraph  (d)  of  this  section 
may  be  extended  under  the  provisions 
of  8  1136.  > 

4.  Section  1.155  is  proposed  to  be 
amended  by  revising  paragraphs  (bHd) 
and  adding  paragraphs  (e)  and  (f)  to 
read  as  follows: 

§  1.155  Issue  and  term  of  design  patents. 
***** 

(b)  The  Commissioner  may  accept  the 
payment  of  the  issue  fee  later  than  three 
months  after  the  mailing  of  the  notice  of 
allowance  as  though  no  abandonment 
had  ever  occurred  if  upon  petition  the 
delay  in  payment  is  shown  to  have  been 
unavoidable.  The  petition  to  accept  the 
delayed  payment  must  be  promptly  filed 
after  the  applicant  is  notified  of,  or 
otherwise  becomes  aware  of,  the 
abandonment,  and  must  be 
accompanied  by  <:> 

(1)  The  issue  fee,  unless  it  has  been 
previously  submitted  [,]  >;< 

(2)  The  fee  for  delayed  payment 
[(§1.17(1)),]  > (8  1.17(1));  <  and 

(3)  A  showing  that  the  delay  was 
unavoidable.  [Such]  >The<  showing 
must  be  a  verified  showing  if  made  by  a 
person  not  registered  to  practice  before 
the  Patent  and  Trademark  Office. 

(c)  The  Commissioner  may,  upon 
petition,  accept  the  payment  of  the  issue 
fee  later  than  three  months  after  the 
mailing  of  the  notice  of  allowance  as 
though  no  abandonment  had  ever 
occurred  if  the  delay  is  payment  was 
unintentional  [The  petition  to  accept  the 
delayed  payment  must  be  filed  within 
one  year  of  the  date  on  which  the 
application  became  abandoned  or  be 


filed  within  three  months  of  the  date  of 
the  first  decision  on  a  petition  under 
paragraph  (b)  of  this  section  which  was 
filed  within  one  year  of  the  date  of 
abandonment  of  the  application.]  The 
petition  to  accept  the  delayed  payment 
must  be  [accompanied  by]  >:< 

(1)  >  Accompanied  by<  the  issue  fee, 
unless  it  has  been  previously  submitted 

>  '•<  M 

(2)  >  Accompanied  by<  the  fee  for 
unintentionally  delayed  payment 

(§  1.17(m))  [,  and]  >;< 

(3)  >  Accompanied  by<  a  statement 
that  the  delay  was  unintentional.  [Such] 
>The<  statement  must  be  a  verified 
statement  if  made  by  a  person  not 
registered  to  practice  before  the  Patent 
and  Trademark  Office.  The 
Commissioner  may  require  additional 
information  where  there  is  a  question 
whether  the  abandonment  was 
unintentional  >;  and 

(4)  Filed: 

(i)  Within  one  year  of  the  date  on 
which  the  application  became 
abandoned;  or 

(ii)  Within  three  months  of  the  date  of 
the  first  decision  on  a  petition  under 
paragraph  (b)  of  this  section  which  was 
filed  within  one  year  of  the  date  on 
which  the  application  became 
abandoned  <• 

[The  three  month  period  from  the  date  of 
the  first  decision  referred  to  in  this 
paragraph  may  be  extended  under  the 
provisions  of  §  1.136(a),  but  no  further 
extensions  under  §  1.136(b)  will  be 
granted.  Petitions  to  the  Commissioner 
under  8  1-183  to  waive  any  time  periods 
for  requesting  revival  of  an 
unintentionally  abandoned  application 
will  not  be  considered,  but  will  be 
returned  to  the  applicant.] 

(d)  Any  petition  pursuant  to 
[paragraph]  >  paragraphs  <  (b)  >or 
(c)  <  of  this  section  not  filed  within  six 
months  of  the  date  of  abandonment  >of 
the  application,  <  must  be  accompanied 
by  a  terminal  disclaimer  with  fee  under 
8  1.321  dedicating  to  the  public  a 
terminal  part  of  the  term  of  any  patent 
granted  thereon  equivalent  to  the  period 
of  abandonment  of  the  application. 

>The  terminal  disclaimer  must  also 
apply  to  any  patent  granted  on  any 
continuing  application  entitled  under  35 
U.S.C.  8  120  to  the  benefit  of  the  filing 
date  of  the  application  for  which  revival 
is  sought 

(e)  Any  request  for  reconsideration  or 
review  of  a  decision  refusing  to  accept 
the  delayed  payment  upon  petition  filed 
pursuant  to  paragraphs  (b)  or  (c)  of  this 
section,  to  be  considered  timely,  must  be 
filed  within  two  months  of  the  decision 
refusing  to  accept  the  delayed  payment 
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or  within  such  time  as  set  in  the 
decision. 

(f)  The  time  periods  set  forth  in  this 
section  cannot  be  extended,  except  that 
the  three-month  period  set  forth  in 
paragraph  (c)(4)(ii)  and  the  time  period 
set  forth  in  paragraph  (e)  of  this  section 
may  be  extended  under  the  provisions 
of  §  1.136.  < 

5.  Section  1.316  is  proposed  to  be 
amended  by  revising  paragraphs  (b)— (d) 
and  adding  paragraphs  (e)  and  (f)  to 
read  as  follows: 

§  1.316  Application  abandoned  for  failure 
to  pay  issue  fee. 

*  *  *  A  * 

(b)  The  Commissioner  may  accept  the 
payment  of  the  issue  fee  later  than  three 
months  after  the  mailing  of  the  notice  of 
allowance  as  though  no  abandonment 
had  ever  occurred  if  upon  petition  the 
delay  in  payment  is  shown  to  have  been 
unavoidable.  The  petition  to  accept  the 
delayed  payment  must  be  promptly  filed 
after  the  applicant  is  notified  of,  or 
otherwise  becomes  aware  of,  the 
abandonment,  and  must  be 
accompanied  by  >:< 

(1)  The  issue  fee,  unless  it  has  been 
previously  submitted  [,]  >;< 

(2)  The  fee  for  delayed  payment 
[(§1.17(1)),]  >(§  1.17(1));  <  and 

(3)  A  showing  that  the  delay  was 
unavoidable.  [Such]  >The<  showing 
must  be  a  verified  showing  if  made  by  a 
person  not  registered  to  practice  before 
the  Patent  and  Trademark  Office. 

(c)  The  Commissioner  may,  upon 
petition,  accept  the  payment  of  the  issue 
fee  later  than  three  months  after  the 
mailing  of  the  notice  of  allowance  as 
though  no  abandonment  had  ever 
occurred  if  the  delay  in  payment  was 
unintentional.  [The  petition  to  accept  the 
delayed  payment  must  be  filed  within 
one  year  of  the  date  on  which  the 
application  became  abandoned  or  be 
filed  within  three  months  of  the  date  of 
the  first  decision  on  a  petition  under 
paragraph  (b)  of  this  section  which  was 
filed  within  one  year  of  the  date  of 
abandonment  of  the  application.]  The 
petition  to  accept  the  delayed  payment 
must  be  [accompanied  by]  >:< 

(1)  >  Accompanied  by<  the  issue  fee, 
unless  it  has  been  previously  submitted 

U  >:< 

(2)  >  Accompanied  by<  the  fee  for 
unintentionally  delayed  payment 

(§  1.17(m))  [,  and]  >;< 

(3)  >  Accompanied  by<  a  statement 
that  the  delay  was  unintentional.  [Such] 
>The<  statement  must  be  a  verified 
statement  if  made  by  a  person  not 
registered  to  practice  before  the  Patent 
and  Trademark  Office.  The 
Commissioner  may  require  additional 
information  where  there  is  a  question 


whether  the  abandonment  was 
unintentional  >;  and 

(4)  Filed: 

(i)  Within  one  year  of  the  date  on 
which  the  application  became 
abandoned;  or 

(ii)  Within  three  months  of  the  date  of 
the  first  decision  on  a  petition  under 
paragraph  (b)  of  this  section  which  was 
filed  within  one  year  of  the  date  on 
which  the  application  became 
abandoned <. 

[The  three-month  period  from  the  date 
of  the  first  decision  referred  to  in  this 
paragraph  may  be  extended  under  the 
provisions  of  §  1.136(a),  but  no  further 
extensions  under  §  1.136(b)  will  be 
granted.  Petitions  to  the  Commissioner 
under  §  1.183  to  waive  any  time  periods 
for  requesting  revival  of  an 
unintentionally  abandoned  application 
will  not  be  considered,  but  will  be 
returned  to  the  applicant.] 

(d)  Any  petition  pursuant  to 
[paragraph]  >  paragraphs  <  (b)  >or 
(c)  <  of  this  section  not  filed  within  six 
months  of  the  date  of  abandonment  >of 
the  application,  <  must  be  accompanied 
by  a  terminal  disclaimer  with  fee  under 
§  1.321  dedicating  to  the  public  a 
terminal  part  of  the  term  of  any  patent 
granted  thereon  equivalent  to  the  period 
of  abandonment  of  the  application. 

>The  terminal  disclaimer  must  also 
apply  to  any  patent  granted  on  any 
continuing  application  entitled  under  35 
U.S.C.  120  to  the  benefit  of  the  filing 
date  of  the  application  for  which  revival 
is  sought. 

(e)  Any  request  for  reconsideration  or 
review  of  a  decision  refusing  to  accept 
the  delayed  payment  upon  petition  filed 
pursuant  to  paragraphs  (b)  or  (c)  of  this 
section,  to  be  considered  timely,  must  be 
filed  within  two  months  of  the  decision 
refusing  to  accept  the  delayed  payment 
or  within  such  time  as  set  in  the 
decision. 

(f)  The  time  periods  set  forth  in  this 
section  cannot  be  extended,  except  that 
the  three-month  period  set  forth  in 
paragraph  (c)(4)(ii)  and  the  time  period 
set  forth  in  paragraph  (e)  of  this  section 
may  be  extended  under  the  provisions 
of  §1.136.  < 

6.  Section  1.317  is  proposed  to  be 
amended  by  revising  paragraphs  (a)— (d) 
and  adding  new  paragraphs  (e)  and  (f) 
to  read  as  follows: 

§  1.317  Lapsed  patents;  delayed  payment 
of  balance  of  Issue  fee. 

(a)  If  the  issue  fee  [was]  paid  [prior  to 
October  1, 1982]  >is  the  amount 
specified  in  the  Notice  of  Allowance,  but 
a  higher  amount  is  required  at  the  time 
the  issue  fee  is  paid<,  any  remaining 
balance  of  the  issue  fee  is  to  be  paid 
within  three  months  from  the  date  of 


notice  thereof  and,  if  not  paid,  the  patent 
will  lapse  at  the  termination  of  the  three 
month  period. 

(b)  The  Commissioner  may  accept  the 
payment  of  the  remaining  balance  of  the 
issue  fee  later  than  three  months  after 
the  mailing  of  the  notice  thereof  as 
though  no  lapse  had  ever  occurred  if 
upon  petition  the  delay  in  payment  is 
shown  to  have  been  unavoidable.  The 
petition  to  accept  the  delayed  payment 
must  be  promptly  filed  after  the 
applicant  is  notified  of,  or  otherwise 
becomes  aware  of,  the  lapse,  and  must 
be  accompanied  by  >:< 

(1)  The  remaining  balance  of  the  issue 
fee,  unless  it  has  been  previously 
submitted  [,]  >;< 

(2)  The  fee  for  delayed  payment 
[§1.17(1)),]  >(§  1.17(1)); <  and 

(3)  A  showing  that  the  delay  was 
unavoidable.  [Such]  >The<  showing 
must  be  a  verified  showing  if  made  by  a 
person  not  registered  to  practice  before 
the  Patent  and  Trademark  Office. 

(c)  The  Commissioner  may,  upon 
petition,  accept  the  payment  of  the 
remaining  balance  of  the  >  issue  <  fee 
later  than  three  months  after  the  mailing 
of  the  notice  thereof  as  though  no  lapse 
had  ever  occurred  if  the  delay  in 
payment  was  unintentional.  [The 
petition  to  accept  the  delayed  payment 
must  be  filed  within  one  year  of  the  date 
on  which  the  patent  lapsed  or  be  filed 
within  three  months  of  the  date  of  the 
first  decision  on  a  petition  under 
paragraph  (b)  of  this  section  which  was 
filed  within  one  year  of  the  date  of  lapse 
of  the  patent.]  The  petition  to  accept  the 
delayed  payment  must  be  [accompanied 
by]  >:< 

(1)  >  Accompanied  by  <  the 
remaining  balance  of  the  issue  fee, 
unless  it  has  been  previously  submitted 
[.]  >:< 

(2)  >  Accompanied  by<  the  fee  for 
unintentionally  delayed  payment 

(§  1.17(m))  [,  and]  >;< 

(3)  >  Accompanied  by<  a  statement 
that  the  delay  was  unintentional.  [Such] 
>The<  statement  must  be  a  verified 
statement  if  made  by  a  person  not  • 
registered  to  practice  before  the  Patent 
and  Trademark  Office.  The 
Commissioner  may  require  additional 
information  where  there  is  a  question 
whether  the  delay  in  payment  was 
unintentional  >;  and 

(4)  Filed: 

(i)  Within  one  year  of  the  date  on 
which  the  patent  lapsed;  or 

(ii)  Within  three  months  of  the  date  of 
the  first  decision  on  a  petition  under 
paragraph  (b)  of  this  section  which  was 
filed  within  one  year  of  the  date  on 
which  the  patent  lapsed  <.  [The  three- 
month  period  from  the  date  of  the  first 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Proposed  Rules 


41905 


decision  referred  to  in  this  paragraph 
may  be  extended  under  the  provisions 
of  9  1.136(a),  but  no  further  extensions 
under  §  1.136(b)  will  be  granted. 

Petitions  to  the  Commissioner  under 
9  1.183  to  waive  any  time  periods  for 
requesting  acceptance  of  an 
unintentionally  delayed  payment  will 
not  be  considered,  but  will  be  returned 
to  the  applicant.] 

(d)  Any  petition  pursuant  to 
[paragraph]  >  paragraphs  <  (b)  >or 
(c)  <  of  this  section  not  filed  within  six 
months  of  the  date  of  lapse  >of  the 
patent,  <  must  be  accompanied  by  a 
terminal  disclaimer  with  fee  under 
9  1.321  dedicating  to  the  public  a 
terminal  part  of  the  term  of  the  patent 
equivalent  to  the  period  of  lapse  of  the 
patent 

>(e)  Any  request  for  reconsideration 
or  review  of  a  decision  refusing  to 
accept  the  delayed  payment  upon 
petition  filed  pursuant  to  paragraphs  (b) 
or  (c)  of  this  section,  to  be  considered 
timely,  must  be  filed  within  two  months 
of  the  decision  refusing  to  accept  the 
delayed  payment  or  within  such  time  as 
set  in  the  decision. 

(f)  The  time  periods  set  forth  in  this 
section  cannot  be  extended,  except  that 
the  three-month  period  set  forth  in 
paragraph  (c)(4)(ii)  and  the  time  period 
set  forth  in  paragraph  (e)  of  this  section 
may  be  extended  under  the  provisions 
of  9  1138.  < 

7.  Section  1.378,  paragraphs  (a),  (b).  (c) 
and  (e)  are  proposed  to  be  revised  to 
read  as  follows: 

§  1.378  Acceptance  of  delayed  payment  of 
maintenance  fee  In  expired  patent  to 
reinstate  patent 

(a)  The  Commissioner  may  accept  the 
payment  of  any  maintenance  fee  due  on 
a  patent  after  expiration  of  the  patent  if, 
upon  petition,  the  delay  in  payment  of 
the  maintenance  fee  is  shown  to  the 
satisfaction  of  the  Commissioner  to  have 
been  unavoidable  [and  if  the  surcharge 
required  by  9  1.20(i)  is  paid  as  a 
condition  of  accepting  payment  of  the 
maintenance  fee]  >or  unintentional  <. 

If  the  Commissioner  accepts  payment  of 
the  maintenance  fee  upon  petition,  the 
patent  shall  be  considered  as  not  having 
expired,  but  will  be  subject  to  the 
conditions  set  forth  in  35  U.S.C.  41(c)(2). 

(b)  Any  petition  to  accept  [the]  >an 
unavoidably  <  delayed  payment  of  a 
maintenance  fee  filed  under  paragraph 
(a)  of  this  section  [within  six  months  of 
the  expiration  of  the  patent]  must 
include: 

(1)  >The  petition  fee  set  forth  in 
§  1.17(1)(3); 

(2)  <  The  required  maintenance  fee 
set  forth  in  9  1.20(e)-{g); 


[(2)]  >  (3)  <  The  surcharge  set  forth  in 
§  1.20(i);  and 

((3)]  >  (4)  <  A  showing  that  the  delay 
was  unavoidable  since  reasonable  care 
was  taken  to  ensure  that  the 
maintenance  fee  would  be  paid  timely 
>and  that  the  petition  was  filed 
promptly  after  the  patentee  was  notified 
of.  or  otherwise  became  aware  of,  the 
expiration  of  the  patent  <.  The  showing 
must  enumerate  the  steps  taken  to 
ensure  timely  payment  of  the 
maintenance  fee  >,  the  date  and  the 
manner  in  which  patentee  became 
aware  of  the  expiration  of  the  patent, 
and  the  steps  taken  to  file  the  petition 
promptly  <. 

(c)  Any  petition  to  accept  [the]  >an 
unintentionally  <  delayed  payment  of  a 
maintenance  fee  filed  under  paragraph 
(a)  of  this  section  [more  than  six  months 
after  the  expiration  of  the  patent]  must 
[include]  >be<: 

(1)  >  Accompanied  by  the  petition  fee 
set  forth  in  9  1.17(m)(3); 

(2)  Accompanied  by  the  <  [The] 
required  maintenance  fee  set  forth  in 
§  1.20(e) — (g)  [,]  >;< 

1(2)]  >  (3)  Accompanied  by  the< 

[The]  surcharge  set  forth  In  9  1.20(i); 

[and 

(3)  A  showing  that  the  delay  was 
unavoidable  since  reasonable  care  was 
taken  to  ensure  that  the  maintenance  fee 
would  be  paid  timely  and  the  failure  to 
timely  pay  the  maintenance  fee  was  due 
entirely  to  circumstances  outside  of  the 
control  of  the  patentee.  The  showing 
must  enumerate  the  steps  taken  to 
ensure  timely  payment  of  the 
maintenance  fee  and  the  circumstances 
which  were  outside  of  the  control  of  the 
patentee  and  those  acting  on  behalf  of 
the  patentee  in  paying  the  maintenance 
fee.  The  showing  must  be  sufficient  in 
scope  and  content  to  meet  the  heavy 
burden  on  proof  required  to  show  that  a 
delay  in  payment  of  the  maintenance  fee 
of  more  than  six  months  after  expiration 
of  the  patent  was  unavoidable.] 

>  (4)  Accompanied  by  a  statement 
that  the  delay  was  unintentional;  and 

(5)  Filed; 

(i)  Within  six  months  of  the  end  of  the 
grace  period  specified  at  35  U.S.C.  41(b); 
or 

(ii)  Within  two  months  of  the  date 
patentee  became  aware  of  the 
expiration  of  the  patent  and  within 
eighteen  months  of  the  end  of  the  grace 
period.  < 

(d)  *  *  * 

(e)  Reconsideration  of  a  decision 
refusing  to  accept  a  maintenance  fee 
upon  petition  filed  pursuant  to 
paragraph  (a)  of  this  section  may  be 
obtained  by  filing  a  petition  for 
reconsideration  within  two  months  of.  or 
such  other  time  as  set  in,  the  decision 


refusing  to  accept  the  delayed  payment 
of  the  maintenance  fee.  Any  such 
petition  for  reconsideration  must  be 
accompanied  by  the  petition  fee  set 
forth  in  §  1.17(h).  After  decision  on  the 
petition  for  reconsideration,  no  further 
reconsideration  or  review  of  the  matter 
will  be  undertaken  by  the 
Commissioner.  If  the  delayed  payment 
of  the  maintenance  fee  is  not  accepted, 
the  maintenance  fee  and  the  surcharge 
set  forth  in  §  1.20(i)  will  be  refunded 
following  the  decision  on  the  petition  for 
reconsideration,  or  after  the  expiration 
of  the  time  for  filing  such  a  petition  for 
reconsideration,  if  none  is  filed.  [The] 
>Any  petition  <  fee  [set  forth  in 
§  1.17(h)  for  filing  the  petition  for 
reconsideration]  >  under  this  section  < 
will  not  be  refunded-unless  the  refusal 
to  accept  and  record  the  maintenance 
fee  is  determined  to  result  from  an  error 
by  the  Patent  and  Trademark  Office. 

Dated:  September  B,  1992. 

Douglas  B.  Comer, 

Acting  Assistant  Secretary  and  Acting 
Commissioner  of  Patents  and  Trademarks. 
(FR  Doc.  92-22142  Filed  9-11-92:  8:45  am] 
BILUNG  CODE  3510- 16-M 


FEDERAL  EMERGENCY 
MANAGEMENT  AGENCY 

44  CFR  Part  67 

[Docket  No.  FEMA-7050] 

Proposed  Flood  Elevation 
Determinations 

agency:  Federal  Insurance 
Administration,  FEMA. 
action:  Proposed  rule. 

summary:  Technical  information  or 
comments  are  requested  on  the 
proposed  base  (100-year)  flood 
elevations  and  proposed  base  flood 
elevation  modifications  for  the 
communities  listed  below.  The  base 
(100-year)  flood  elevations  are  the  basis 
for  the  floodplain  management  measures 
that  the  community  is  required  either  to 
adopt  or  to  show  evidence  of  being 
already  in  effect  in  order  to  qualify  or 
remain  qualified  for  participation  in  the 
National  Flood  Insurance  Program 
(NFIP). 

DATES:  The  comment  period  is  ninety 
(90)  days  following  the  second 
publication  of  this  proposed  rule  in  a 
newspaper  of  local  circulation  in  each 
community. 

ADDRESSES:  The  proposed  base  flood 
elevations  for  each  community  are 
available  for  inspection  at  the  office  of 
the  Chief  Executive  Officer  of  each 
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community.  The  respective  addresses 
are  listed  in  the  following  table. 

FOR  FURTHER  INFORMATION  CONTACT: 

William  R.  Locke,  Chief,  Risk  Studies 
Division,  Federal  Insurance 
Administration,  500  C  Street  SW., 
'v„shington,  DC  20472,  (202)  646-2754. 

SUPPLEMENTARY  INFORMATION:  The 

Federal  Emergency  Management 
Agency  (FEMA  or  Agency)  gives  notice 
of  the  proposed  determinations  of  base 
(100-year)  flood  elevations  and  modified 
base  flood  elevations  for  each 
community  listed,  in  accordance  with 
section  110  of  the  Flood  Disaster 
Protection  Act  of  1973,  42  U.S.C.  4104, 
and  44  CFR  67.4(a). 

These  base  flood  and  modified  base 
flood  elevations,  together  with  the 
floodplain  management  criteria  required 
by  44  CFR  60.3,  are  the  minimum  that 
are  required.  They  should  not  be 
construed  to  mean  that  the  community 
must  change  any  existing  ordinances 
that  are  more  stringent  in  their  flood- 
plain  management  requirements.  The 
community  may  at  any  time  enact 
stricter  requirements  of  its  own,  or 
pursuant  to  policies  established  by  other 
Federal,  state  or  regional  entities.  These 
proposed  elevations  will  also  be  used  to 
calculate  the  appropriate  flood 
insurance  premium  rates  for  new 
buildings  and  their  contents. 

National  Environmental  Policy  Act 

This  proposed  rule  is  categorically 
excluded  from  the  requirements  for  44 
CFR  part  10,  Environmental 
consideration.  No  environmental  impact 
assessment  has  been  prepared. 

Regulatory  Flexibility  Act 

This  rule  will  not  have  a  significant 
economic  impact  on  a  substantial 
number  of  small  entities  in  accordance 
with  the  Regulatory  Flexibility  Act,  5 
U.S.C.  601  et  seq. 

Regulatory  Impact  Analysis 

This  rule  is  not  a  major  rule  under 
Executive  Order  12291,  February  17, 
1981.  No  regulatory  impact  analysis  has 
been  prepared. 

Executive  Order  12612,  Federalism 

This  rule  involves  no  policies  that 
have  federalism  implications  under 
Executive  Order  12812,  Federalism, 
dated  October  26, 1987. 

Executive  Order  12778,  Civil  Justice 
Reform 

This  rule  meets  the  applicable 
standards  of  section  2(b)(2)  of  Executive 
Order  12778. 


List  of  Subjects  in  44  CFR  Part  67 

Administrative  practice  and 
procedure,  Flood  insurance.  Reporting 
and  recordkeeping  requirements. 

Accordingly,  44  CFR  part  67  is 
proposed  to  be  amended  as  follows: 

PART  67— (AMENDED] 

1.  The  authority  citation  for  part  67 
continues  to  read  as  follows: 


#  Depth 

In  leet 
above 


Source  of  flooding  and  location 


ground. 
'Eleva¬ 
tion  In 
feet 
(NGVO) 


Maps  available  for  Inspection  at  the  Weare 
Town  Office,  15  Flanders  Memorial  Drive. 


Weare,  New  Hampshire  03281. 


Send  comments  to  Mr.  William  Herman,  Chairman 
of  the  Town  of  Weare  Board  of  Selectmen, 
Hillsborough  County,  P.O.  Box  190,  Weare,  New 
Hampshire  03281-0190. 


Authority:  42  U.S.C.  4001  et  seq.; 
Reorganization  Plan  No.  3  of  1978,  3  CFR, 
1978  Comp.,  p.  329;  E.0. 12127,  44  FR  19367,  3 
CFR,  1979  Comp.,  p.  376. 

2.  Section  67.4  is  proposed  to  be 
amended  as  follows: 

§67.4  [Amended] 


Source  ot  flooding  and  location 

#  Depth 
in  feet 
above 
ground. 
‘Eleva¬ 
tion  in 
leet 

(NGVD) 

MAINE 

Robbinston  (Town),  Washington  County 

St.  Croix  River 

*17 

Shoreline  at  southern  most  corporate  limits - 

*25 

Boyden  Lake  Entire  shoreline  within  community — 

*79 

Maps  available  for  Inspection  at  the  Bobbin- 

ston  Town  Halt,  Ridge  Road,  Robbins  ton. 

Malr>^ 

Send  comments  to  Mr.  Philip  Stanhope,  First 

Selectman  of  the  Town  of  Robbinston,  Wash- 

ington  County,  Box  308,  Robbinston,  Maine 

04671. 

NEW  HAMPSHIRE 

Jeffrey  (Town),  Cheshire  County 

Contoocook  Lake:  Entire  shoreline  within  com- 

*1,013 

Mountain  Brook  Reservoir  Entire  shoreline  within 

•1,019 

Contoocook  River 

At  downstream  corporate  limits . _ . 

*852 

*1,013 

Mountain  Brook: 

*1,022 

Approximately  100  feet  upstream  of  State 

*1.063 

Mead  Brook 

At  confluence  with  Mountain  Brook 

*1,039 

Approximately  100  feet  upstream  of  State  Route 

124 

*1,1090 

Black  Reservoir  Outlet  Stream 

Approximately  50  feel  downstream  of  Contoo- 

*1.013 

Approximately  35  teet  upstream  of  Black  Reser- 

*1.087 

Maos  available  for  Inspection  at  the  Jattrey 

Town  Hall,  69  Main  Street.  Jattrey,  New  Hamp- 

shire  03452. 

Send  comments  to  Mr.  WHItam  Efoot,  Chairman  of 

the  Town  ot  Jattrey  Board  ot  Selectmen, 

Cheshire  County,  69  Mam  Street  Jeffrey,  New 

Hampshire. 

Weare  (Town),  Hillsborough  County 

Piscataquog  River 

*302 

Approximately  100  teet  upstream  of  Reservoir 

*623 

Weare  Reservoir 

Entire  shoreline  within  community _ 

*416 

Entire  shoreline  within  community .... . — . . 

•657 

Daniels  Lake:  Entire  shoreline  within  community . 

*377 

Webster  (Town),  Merrimack  County 

Blackwaler  River. 

At  the  downstream  corporate  Imlts. - 

Approximately  1.7  miles  upstream  ot  Clothespin 
Road _ _ _ _ 

Maps  available  for  Inspection  at  the  Town 
Clerk's  Office,  RJ-D.  #5,  Box  325,  Webster, 
New  Hampshire. 

Send  comments  to  Mr.  George  Cummings,  Chair¬ 
man  ot  the  Town  ot  Webster  Board  of  Select¬ 
men,  Merrimack  County,  R.F.D.  #5,  Box  325, 
Penacook,  New  Hampshire  03303. 


NEW  YORK 


Champion  (Town),  Jefferson  County 

Black  River 

Approximately  160  feet  downstream  of  Detenet 

At  corporate  limits  with  Village  ot  West  Carth¬ 
age - - 

Maps  available  for  Inspection  at  the  Champion 
Town  Clerk's  Office.  7  North  Main  Sheet.  West 
Carthage,  New  York  13619. 

Send  comments  to  Mr  Mark  Freeman,  Champion 
Town  Supervisor.  Jefferson  County.  RL  1,  Bax 
308  A.  Black  River,  New  York  13612 


Milton  (Town),  Saratoga  County 

Glowegee  Creek: 

At  the  confluence  with  Kayaderosseras  Creek 

(upper  reach) - 

Approximately  0.2  mile  upstream  of  Private  Dam 
Kayaderosseras  Creak  (.lower  reach): 
Approximately  0.2  mile  downstream  of  Delaware 

and  Hudson  Railroad  Bridge - - 

Approximately  0.3  mile  upstream  ot  Delaware 

and  Hudson  Railroad  Bridge.. - - - 

Kayaderosseras  Creek  (upper  reach): 

At  the  downstream  corporate  limits - 

Approximately  200  feet  upstream  ot  corporate 

limits . . — . - . — - 

Mapa  available  for  inspection  at  the  Mitt  on 
Town  Halt,  Building  Department,  5C3  Guyser 
Road,  Balaton  Spa,  New  York. 

Send  comments  to  Mr.  Wilbur  L  Tribble,  Town 
Supervisor  tor  the  Town  of  Milton,  Saratoga 
County,  503  Guyser  Road,  Ballston  Spa,  New 
York  12020. 


Schoharie  (Town),  Schoharie  County 

Schoharie  Creek 

Approximately  600  feet  downstream  ot  the 

downstream  coiporate  limits - 

At  the  upstream  corporate  limits - 

Fox  Creek: 

At  its  confluence  with  Schoharie  Creek - 

Approximately  400  feet  upstream  ot  the  corpo¬ 
rate  limits _ 

CobtesUK  Creek 

At  ks  confluence  with  Schoharie  Creek . — . . 

At  the  upstream  corporate  limits - 

Maps  available  for  Inspection  at  the  Town  Ha*. 
Schoharie,  New  York. 

Send  comments  to  Mr  Peter  Lopez,  Supervisor  ot 
the  Town  of  Schoharie,  P.O.  Box  544,  Scho¬ 
harie,  New  York  12157. 


Schoharie  (Village),  Schoharie  County 

Schoharie  Creek: 

Approximately  1.52  miles  downstream  of  Bridge 

Street - - - - 

Approximately  0.74  mile  upstream  of  Bridge 
StreeL _ _ 


*360 

*472 


*661 


*389 

*436 

*229 

*232 

*269 

•523 


•593 

•616 

*605 

*650 

*595 

•719 


*605 

•612 
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Source  of  flooding  and  location 

#  Depth 
In  feet 
above 
ground. 
‘Eleva¬ 
tion  in 
feet 

(NGVD', 

Source  of  flooding  and  location 

#  Depth 
in  feet 
above 
ground. 
‘Eleva¬ 
tion  in 
feet 
(NGVD) 

Fox  Creek: 

Approximately  0.36  rmie  downstream  of  State 

*605 

Send  comments  to  The  Honorable  Floyd  Guern¬ 
sey,  Mayor  of  the  Village  of  Schoharie.  Scho¬ 
harie  County,  P.O.  Box  219,  Schoharie,  New 
York  12157. 

Approximately  335  feet  upstream  of  Covered 

*605 

Maps  available  for  Inspection  at  the  Village  Hal. 
Schoharie,  New  York 

§67.4  [Amended] 

3.  The  tables  published  under  the 
authority  of  §  67.4  are  proposed  to  be 
amended  as  follows: 


State 

City/town/county 

Source  of  flooding 

Location 

#  Depth  in  feet  above 
ground  *  Elevation  in  feet 
(NGVD) 

Existing 

Modified 

Arizona . 

Town  of  St  Johns. 

Little  Colorado  River . 

Approximately  5,800  feet  downstream  of  U.S. 

None 

*5,655 

Apache  County. 

Highway  668. 

Approximately  100  feet  downstream  of  U.S. 

None 

*5,679 

highway  666. 

At  the  upstream  corporate  limits  located  ap- 

None 

*5,700 

proximatety  4,100  feel  upstream  of  U.S. 

Highway  666. 

Maps  are  available  for  review  at  Apache  County  Development  Community  Services,  75  West  Cleveland,  St.  Johns,  Arizona. 
Send  comments  to  The  Honorable  Russell  Burdick.  Mayor.  City  of  St.  Johns,  P.O.  Box  455,  St  Johns,  Arizona  85936. 


Arkansas..., . j 

None 

*262 

Lawrence  County. 

Free  Street 

Approximately  2,400  feet  upstream  of  U.S. 

None 

*267 

Highway  67. 

Highland  Creek  North . .... 

Entire  reach  between  Northwest  Front  Street 

None 

*268 

and  Village  Creek. 

Highland  Creek  South . 

Approximately  120  feet  upstream  of  U.S.  High- 

None 

*267 

way  412. 

Just  downstream  of  Northeast  Front  Street . 

None 

*268 

Maps  are  available  for  review  at  City  Han,  105  Southeast  Front  Street,  Walnut  Ridge,  Arkansas. 

Send  comments  to  The  Honorable  Thomas  Holland,  Mayor.  City  of  Walnut  Ridge,  105  Southeast  Front  Street,  Walnut  Ridge,  Arkansas  72476. 


Connecticut 


Stamford,  City,  Fairfield 
County. 


Mianus  River . 

East  Branch  Mianus  River 
Rippowam  River . 


Approximately  400  feet  downstream  of  West 
Glen  Drive. 

Approximately  .4  mile  upstream  of  Farms  Road.. 

At  confluence  with  Mianus  River - - 

Approximately  75  feet  upstream  of  Mill  Road . 

At  50  feet  downstream  of  Main  Street - 

Approximately  60  feet  upstream  of  Interlaken 


Road. 


Toilsome  Brook.. 

Noroton  River . 

Springdale  Book. 


At  confluence  with  Rippowam  River . . 

Approximately  1,373  feet  upstream  of  Daniel 
Drive. 

Upstream  side  of  U.S.  Route  1 _ 

Approximately  1.1  miles  upstream  of  Woodway 
Road. 

At  confluence  with  Noroton  River . . . 

At  upstream  corporate  limits - 


*74 

*75 

None 

*196 

*160 

*181 

None 

*320 

*16 

*15 

*183 

*181 

*27 

*30 

None 

*132 

*11 

*12 

None 

*110 

*75 

*77 

None 

*204 

Maps  available  for  Inspection  at  the  Environmental  Protection  Board,  Stamford  Government  Center,  888  Washington  Boulevard,  Stamford,  Connecticut 
Send  comments  to  The  Honorable  Stanley  J.  Esposito.  Mayor  of  the  City  of  Stamford.  Fairfield  County.  Stamford  Government  Center,  888  Washington  Boulevard. 
Stamford,  Connecticut  06904-2152. 


Florida . . . 

None 

*9 

Charlotte  County. 

Just  downstream  of  Bachmann  Boulevard . 

None 

*15 

None 

*10 

Just  downstream  of  Bachmann  Boulevard . 

None 

*13 

None 

*10 

Just  downstream  of  Bachmann  Boulevard . 

None 

*19 

None 

*6 

Just  upstream  of  Alfred  Boulevard . 

None 

*22 

None 

*15 

None 

*21 

None 

*6 

None 

*20 

None 

*19 

Just  downstream  of  County  Highway  74 . 

None 

*25 

*8 

*8 

About  1.0  mile  upstream  of  confluence  of  Trib- 

None 

*13 

utary  1  to  Shell  Creek 

I 
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State 

City/town/county 

Source  of  flooding 

Location 

#  Depth  in  feet  above 
ground  ’Elevation  in  feet 
(NGVD) 

Existing 

Modified 

None 

*11 

Just  downstream  of  Prairie  Creek  Boulevard . 

None 

*25 

None 

*9 

About  2.1  miles  upstream  of  Washington  Loop 

None 

*16 

Road. 

At  mouth _ _ _ _ _ _ _ 

*8 

*8 

Just  downstream  of  U.S.  Highway  17 . _ . 

None 

•14 

Map*  available  ter  Inspection  at  the  Zoning  Department  18500  Murdock  Circle,  Port  Charlotte,  Florida. 


Send  comments  to  The  Honorable  Thomas  W.  Frame,  County  Administrator,  Charlotte  County,  18500  Murdock  Circle,  Port  Charlotte,  Florida  33948-1094. 


At  mouth . 

*8 

*8 

Lee  County. 

At  county  boundary - 

None 

*27 

*8 

*8 

Just  upstream  of  St  Paul  Road - 

None 

*24 

*8 

*8 

Just  upstream  of  NaHe  Grade  Road - 

None 

*26 

At  mouth . _ . .. . 

None 

*8 

Just  upstream  of  Rich  Road . 

None 

*22 

At  IIS  Route  41 . 

None 

*8 

Just  downstream  of  Bayshore  Road - - 

None 

*13 

None 

*8 

Just  downstream  of  Bayshore  Road.. - 

None 

*15 

At  Brooks  Road . . . 

*8 

*8 

Just  downstream  of  Tucker  Lane  NE . . 

None 

•16 

Powell  Creek  Tributary  No.  1 _ 

At  mouth - ... - .... - 

None 

*12 

About  4.47  miles  upstream  of  mouth . . 

None 

*19 

Powell  Creek  Tributary  No.  2.... 

At  mouth . . . .  — . . . 

None 

*15 

About  3.16  miles  upstream  of  mouth . 

None 

*20 

*8 

*8 

Just  upstream  of  Tucker  Lane  NE . . . 

None 

*17 

*8 

*8 

Just  upstream  of  Rich  Road . 

None 

*21 

*8 

*8 

About  500  feet  upstream  of  Disconte  Lane . 

None 

*23 

Bayshore  Tributary _ 

At  mouth . . . . . . . 

None 

*14 

None 

•18 

*8 

*8 

Just  downstream  of  Ruben  Road ...._ . 

None 

*22 

None 

*13 

About  1.24  miles  upstream  of  mouth . . 

None 

*21 

Maps  available  for  Inspection  at  the  Lee  County  Building  Department  1735  Hendry  Street  Ft  Myers,  Florida 
Send  comments  to  the  Honorable  Julio  Avaet  County  Administrator,  Lee  County,  P.O.  Box  398,  Ft  Myers,  Florida  33902. 


Kansas . 

Unincorporated  areas  of 

None 

*967 

Shawnee  County. 

Just  downstream  of  Urish  Road _ 

None 

*1,018 

Just  upstream  of  Urish  Road - - - - 

None 

*1,024 

Just  downstream  of  SW  69th  Street . . 

None 

*1,041 

Just  upstream  of  SW  69th  Street . . 

None 

*1.049 

Just  downstream  of  SW  61st  Street..- . 

None 

*1,081 

Maps  available  for  inspection  at  the  County  Engineer's  Office,  3137  SE  29th  Street  Topika,  Kansas. 

Send  comments  to  The  Honorable  Winnie  Kingman,  Chairman,  Board  of  Commissioners,  Shawnee  County,  200  East  7th,  Room  B11,  Topeka  Kansas  66603. 


Kentucky _ 

City  of  Covington, 

*503 

*499 

Kenton  County. 

About  0.55  mile  upstream  of  Bullock  Pen  Road.. 

None 

*525 

Licking  River.... . . . 

Within  community . - . - . 

*501 

*499 

Maps  available  for  Inspection  at  the  Engineering  Department  City  Hall,  638  Madison  Avenue,  Covington,  Kentucky. 

Send  comment  to  The  Honorable  Denny  Bowman,  Mayor,  City  of  Covington,  City  Hall,  638  Madison  Avenue,  Covington,  Kentucky  4101 1-2298. 


Kentucky . . . 

About  2.16  miles  downstream  of  Interstate  275.. 

*503 

*499 

Kenton  County. 

About  0.82  mile  upstream  of  State  Route  17 . 

None 

*503 

Bank  lick  Creek  Tributary . 

*503 

$499 

About  600  feet  downstream  of  State  Route  17 ... 

*503 

*503 

Horse  Branch . „ . 

*503 

•499 

About  600  feet  downstream  of  Interstate  275 . 

*503 

.  *503 

Horse  Branch  Tributary . 

*503 

*499 

About  790  feet  upstream  of  SPCA  Shelter 

*506 

*506 

Road. 
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State 

City/town/county 

Source  of  flooding 

Location 

#  Depth  in  feet  above 
|  ground  ‘Elevation  in  feet 
(NGVO) 

Existing 

Modified 

Maps  available  for  inspection  at  City  Hall,  409  Kyle  Lane,  Ft  Wright,  Kentucky. 

Send  comments  to  The  Honorable  Donald  Martin,  Mayor,  City  of  Ft  Wright,  City  Hall,  409  Kyles  Lane,  FL  Wright  Kentucky  41011. 


Louisiana . 

East  Baton  Rouge 

Draughans  Creek . 

Approximately  180  feet  upstream  of  Magnolia 

*59 

*58 

Parish  unincorporated 

Bridge  Road. 

areas. 

Approximately  150  feet  upstream  of  Wax  Road.. 

*62 

*58 

Maps  available  for  inspection  at  the  Flood  Office,  Engineering  Department  4th  Floor,  Municipal  Building,  North  Street  Baton  Rouge,  Louisiana. 

Send  comments  to  The  Honorable  Tom  Ed  McHugh,  Mayor-President  of  the  City  of  Baton  Rouge  and  East  Baton  Rouge  Parish,  P.O.  Box  1471,  Baton  Rouge, 
Louisiana  70821 . 


Michigan . 


Township  of  Baldwin, 
Iosco  County. 

Lake  Huron/Tawas  Bay . 

Along  Tawas  Bay  shoreline,  around  Tawas 
Point  and  north  along  Lake  Huron  shoreline, 
to  about  4,800  feet  due  East  of  intersection 
of  Baldwin  Resort  Road  and  Tawas  Beach 
Road. 

Along  Lake  Huron  shoreline  from  about  550 

None 

Late  Huron . 

None 

Shall  flooding  from  Lake 

feet  north  of  intersection  of  Scott  Road  and 
Forest  Street  down  to  about  1,900  feet 
south  of  intersection  of  Scott  Road  and 
Forest  Street. 

About  1,500  feet  east  of  intersection  of  Bald- 

None 

Huron. 

Tawas  Lake . . . 

win  Resort  Road  and  U.S.  23. 

About  3,800  feet  northeast  of  intersection  of 
U.S.  23  and  Birchcrest  Drive,  approximately 
190  feet  northwest  of  lake  Huron  shoreline. 
Entire  shoreline . 

None 

None 

*584 

*589 

#1 

#2 

*588 


Maps  available  for  inspection  at  Township  Had,  1119  Monument  Road,  Tawas  City,  Michigan. 

Send  comments  to  The  Honorable  Floyd  M.  Peters,  Township  Supervisor,  Township  of  Baldwin,  Township  Halt,  1119  Monument  Road,  Tawas  City,  Michigan 
48763. 


Along  Tawas  Bay  shoreline,  from  about  400 
feet  west  of  Alice  Street  to  about  2,600  feet 
east  of  Alice  Street. 

*584 

Iosco  County. 

Along  Tawas  Bay  shoreline,  from  Newman 
Street  to  about  1,200  feet  east  of  Newman 
Street 

*584 

Michigan.. 


*587 

*584 


Maps  available  for  Inspection  at  the  City  Manager's  Office,  City  Hall,  120  West  Westover  Street  East  Tawas,  Michigan. 

Send  comments  to  The  Honorable  Robert  Bolen,  Mayor,  City  of  East  Tawas,  City  Hall,  120  West  Westover  Street  East  Tawas,  Michigan  48730. 


Michigan _ 

Township  of  Fraser,  Bay 

Saginaw  Bay/Lake  Huron . 

Along  shoreline  from  northernmost  township 

*585 

*586 

County. 

Hmit,  to  confluence  of  Tebo  Drain. 

Along  shoreline  from  about  1,500  feet  north- 

*585 

*589 

east  of  the  intersection  of  Scheurman  Road 

and  Bay  Avenue  to  the  southernmost  town- 

ship  limit. 

*585 

*586 

About  3,000  feet  upstream  of  mouth . 

*586 

*586 

*585 

*586 

Just  upstream  of  Elevator  Road . 

*586 

*586 

Maps  available  for  Inspection  at  the  Budding  Zoning  Administrative  Office,  1474  North  MacKinaw  Road,  Linwood,  Michigan. 

Send  comments  to  The  Honorable  Richard  Gromaski,  Township  Supervisor,  Township  of  Fraser,  Township  Hall,  1474  North  MacKinaw  Road,  Linwood,  Michigan 
48634. 


Michigan . City  of  Tawas  City,  Iosco  Tawas  Bay  (Lake  Huron) _  About  50  feet  east  of  Intersection  of  Hemlock  *584  *587 

County.  Street  and  Lake  Street  along  Tawas  Bay 

shoreline. 

About  50  feet  east  of  intersection  of  Whitte-  *584  *584 

more  Street  and  Lake  Street  along  Tawas 
Bay  shoreline. 

Shallow  hooding  from  Tawas  About  130  feet  south  of  intersection  of  Fourth  *584  #1 

Bay  (Lake  Huron).  Avenue  and  Lake  Street. 

Maps  available  for  Inspection  at  the  City  Manager's  Office,  City  Halt,  815  Lake  Street,  Tawas  City,  Michigan. 

Send  comments  to  The  Honorable  James  Lansky.  Sr.,  Mayor,  City  of  Tawas  City,  City  Hall.  815  Lake  Street  Box  568,  Tawas  City,  Michigan  48764-0568. 


Minnesota . 

*862 

*859 

Hennepin  County. 

1  About  4.95  miles  upstream  of  Beming  Mill  Dam.J  *891  |  *888 

Maps  available  for  Inspection  at  the  Township  Halt,  25000  Hassan  Parkway,  Rogers,  Minnesota. 

Send  comments  to  The  Honorable  Richard  Sherman,  Township  Supervisor,  Township  of  Hassan,  Township  Hall,  25000  Hassan  Parkway,  Rogers,  Minnesota 

55374. 

Mississippi . 

None 

*306 

k 

Rankin  County. 

About  0.98  mite  upstream  of  mouth . 

None 

*315 
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Clty/town/county 


Source  of  flooding 


#Depth  in  feet  above 
ground  *  Elevation  in  feet 
(NGVD) 


Hog  Creek . .  About  2,300  feet  upstream  of  Illinois  Central  None 

railroad. 

About  3,800  feet  upstream  of  luckney  Road .  None 

Hog  Creek  Tributary _  At  mouth - ..... None 

Just  downstream  of  Luckney  Road - -  None 

MHI  Creek _ _  About  400  fe«t  upstream  of  Spillway  Road -  None 

Just  downstream  of  State  Highway  471 -  None 

Mai  Creek  Tributary _  At  mouth _ None 

Just  downstream  of  private  road. . .  None 

Plummer  Slough _ _  Just  upstream  of  State  Highway  471 . .  None 

About  3,200  feet  upstream  of  Oakdale  Road .  None 

Petahatchie  Creek. . .  Just  upstream  of  State  Highway  471 -  None 

About  2.88  miles  upstream  of  confluence  of  None 

Clark  Creek. 

Clark  Creek . . .  At  mouth _ ... _  None 

Just  downstream  of  Stull  Road . .  None 

Clark  Creek  Tributary -  At  mouth _  None 

About  3,600  feet  upstream  of  Mt.  Helen  Road....  None 

Spring  Branch .  About  3,300  feet  upstream  of  mouth . _ .  None 

About  3,100  feet  upstream  of  Church  Road.. .  None 

Petahatchie  Creek  Tributary _  Just  downstream  of  State  Highway  25 _ _  None 

About  3,100  feet  upstream  of  Hollybush  Road  .  ..  None 

Peart  River  (Ross  Barnett  Downstream  of  State  Highway  43 _ _ _  None 

Reservoir). 

Upstream  of  State  Highway  43 _ _  None 

Pearl  River™ _ _  At  county  boundary _ None 

About  9.0  miles  upstream  of  State  Highway  25..J  *283 

Maps  available  for  Inspection  at  the  Rankin  County  Tax  Assessor's  Office,  105  North  Street  Brandon,  Mississippi. 

Send  comments  to  The  Honorable  Lynn  Wealhersby,  President  Rankin  County  Board  of  Supervisors,  110  Timber  Street  Brandon,  Mississippi  39042. 


None 

*290 

None 

*341 

None 

*312 

None 

*331 

None 

*302 

None 

*352 

None 

*316 

None 

*328 

None 

*303 

None 

*324 

None 

*303 

None 

*315 

None 

*309 

None 

*339 

None 

*314 

None 

*332 

None 

*306 

None 

*331 

None 

*306 

None 

*325 

None 

*300 

None 

*301 

None 

*251 

*283 

*286 

City  of  Jennings,  St 

M  aime  Creek . 

About  1,650  feet  downstream  of  Halls  Ferry 

None 

*449 

Louis  County. 

Road. 

About  1,225  feet  downstream  of  Lucas-Hunt 

*457 

*454 

Road. 

About  740  feet  upstream  of  Lucas-Hunt  Road  ...J 

457 

*456 

Maps  available  for  inspection  at  the  City  Halt  Bulking  Department  2120  Hord  Avenue,  Jennings,  Missouri. 

Send  Comments  to  The  Honorable  William  D.  Tharp.  Mayor,  City  of  Jennings,  City  Hall,  2120  Hord  Avenue,  Jennings,  Missouri  63136. 


New  York.... -  Lyme,  Town  Jefferson 

County. 


Chaumont  River .  At  Village  of  Chaumont  corporate  limits - - 


At  upstream  corporate  limits _  N 

Lake  Ontario _  Entire  shoreline  within  the  community _  N> 

I  Chaumont  Bay _  Entire  shoreline  wtthm  the  community -  N 

Maps  available  for  Inspection  at  the  Lyme  Town  Office,  Main  Street  Chaumont,  New  York. 

Send  comments  to  Mr  James  Golden,  Supervisor  of  the  Town  of  Lyme,  Jefferson  County,  North  Shore  Road,  Three  Mile  Bay,  New  York  13893 


None 

*250 

None 

*251 

None 

*250 

None 

*250 

City  of  Nashville  and  CoHins  Creek. 
Davidson  County. 


At  mouth - 


Mill  Creek  Tributary  A... 


MIS  Creek  Tributary  B.. 


Sorghum  Branch. 


Stoners  Creek . 
Scotts  Hollow.. 


About  750  feet  upstream  of  Interstate  24 . 

At  mouth..„ _ ... _ 

Just  downstream  of  Una-Anticoch  Pike - 

Just  upstream  of  Una-Antlcoch  Pike _ 

About  4,860  feet  upstream  of  Radar  Ridge . 

At  mouth _ _ _ _ — - - 

Just  downstream  of  Private  Dam _ 

Just  upstream  of  Private  Dam - - - 

About  500  feet  upstream  of  Una-Anticoch  Pike... 

At  mouth _ _ _ 

Just  downstream  of  Perimeter  Place  Drive . 

Just  upstream  of  Perimeter  Place  Drive - 

Just  downstream  of  Interstate  Route  40 . 

About  0.5  mHe  upstream  of  Haywood  Lane _ 

At  mouth . . . . . . . 

Just  upstream  of  Paragon  Mills  Road _ 

About  0.5  mile  upstream  of  Haywood  Lane . 

At  mouth - 

Just  upstream  of  Harding  Pike _ _ 

About  1,100  feet  upstream  of  Coronada  En¬ 
trance  Road. 

At  mouth _ _ _ 

At  county  boundary . . . . . 

At  mouth . 

Just  downstream  of  Lebanon  Pike . . 

Just  upstream  of  Lebanon  Pike . . 1 

At  county  boundary . . . . . 

At  mouth . . . . 

At  county  boundary . . . . 


*514 

*515 

*525 

*526 

*492 

*492 

None 

*519 

None 

*526 

None 

*557 

None 

*496 

None 

*506 

None 

*511 

None 

*527 

*418 

*418 

*433 

*432 

*434 

*438 

*449 

*449 

*560 

*560 

*476 

*476 

482 

*484 

*560 

*560 

*559 

*559 

*607 

*605 

*671 

*671 

*425 

*425 

*460 

*462 

None 

*474 

None 

*475 

None 

*481 

None 

*511 

*444 

*444 

None 

*488 
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State 


City /town/county 


Source  o!  flooding 


Overall  Creek . 


Hurricane  Creek _ 

West  Branch  Hurricane  Creek 


West  Fork - 

Browns  Creek . . 


Pages  Branch.. 


At  mouth _ _ . _ 

Just  upstream  ol  River  Road  Pike - 

Just  downstream  of  U.S.  Highway  70 . 

About  4700  feet  downstream  of  U.S.  Route  41 ... 

j  Just  upstream  of  CSX  Railroad  Spur _ 

At  mouth _ 

About  650  feet  upstream  of  Heil  Quaker  Boule¬ 
vard. 

At  mouth . . . . . . 

Just  downstream  of  Battery  Lane _ 

Just  upstream  of  Battery  Lane _ 

Just  upstream  of  Sewanee  Road . _. 

At  mouth _ _ _ _ 

About  450  feet  downstream  of  Interstate  65 . 

About  300  feet  upstream  of  Interstate  65 _ 

Just  downstream  of  Jones  Avenue . . 

Just  upstream  of  Jones  Avenue . . . . 

Just  downstream  of  Oakwood  Drive . . . 

Just  upstream  of  Oakwood  Drive _ _ _ 

About  1150  feet  upstream  of  Oakwood  Drive . 

|  At  mouth _ _ _ 

Just  downstream  of  Dellway  Avenue _ 

Just  upstream  of  Dellway  Avenue . 

About  475  feet  upstream  of  Jones  Avenue . 

About  650  feet  downstream  of  Brooklyn 
Avenue. 

About  600  feet  upstream  of  Brooklyn  Avenue _ 

Maps  available  for  Inspection  at  the  Department  of  Public  Works,  720  South  5th  Street  Nashville,  Tennessee. 

Send  comments  to  The  Honorable  Philip  Bredesen,  Mayor,  Metro  Government  of  Nashville  Davidson  County,  107  Metropolitan  Courthouse, 
37201. 


Location 


#  Depth  in  feet  above 
ground  ‘Elevation  in  feet 
(NGVD) 


Existing 


Pages  Branch  Tributary  A... 


Pages  Branch  Tributary  B _ 


*407 

*407 

*452 

*510 

*576 

*575 

*589 

*488 

None 

None 

None 

*413 

*413 

*418 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 


ModHted 


*407 

*410 

*452 

•510 

*574 

*575 

*588 

*489 

*580 

*585 

*603 

*413 

*413 

*429 

*504 

*511 

•523 

*531 

*556 

*467 

*492 

*497 

*575 

*478 

*512 


Nashville,  Tennessee 


Tennessee _ 

Unincorporated  areas  of 

South  Fork  Holston  River 

About  3.200  feet  downstream  of  State  Highway 

None 

*1,413 

Sullivan  County. 

(Near  South  Holston  Dam). 

358. 

At  Tailrace  of  South  Holston  Dam . 

None 

*1,496 

i  available  for  Inspection  at  the  Planning  and  Zoning  Department,  Blountville,  Tennessee. 

Send  comments  to  The  Honorable  William  H.  McKamey,  County  Executive,  Sullivan  County,  P.O.  Box  509,  Blountville,  Tennessee  37617. 


Wisconsin . 

*854 

Dane  County. 

Just  downstream  of  Riverside  Road . 

*920 

*855 

*920 


Maps  available  for  inspection  at  the  Dane  County  Courthouse,  210  Martin  Luther  King  Jr.  Boulevard,  Madison,  Wisconsin. 

Send  comments  to  The  Honorable  Richard  J.  Phelps,  County  Executive,  Dane  County,  County  Courthouse,  210  Martin  Luther  King  Jr.  Boulevard,  Madison, 
Wisconsin  53709. 


Wisconsin . 

City  of  New  Berfin, 
Waukesha  County. 

About  1,900  feet  downstream  of  Arcadian 
Avenue. 

*830 

*831 

*851 

*851 

*859 

*872 

Just  downstream  of  Coffee  Road . 

*868 

*872 

Maps  available  for  Inspection  at  Ptanning  Department,  3805  S.  Casper  Drive,  New  Berlin,  Wisconsin. 

Send  comments  to  The  Honorable  Tim  Tully,  Mayor.  City  of  New  Berlin,  3805  S.  Casper  Drive,  New  Berlin,  Wisconsin  53151. 


(Catalog  of  Federal  Domestic  Assistance 
No.  83.100,  "Flood  Insurance.") 

Issued:  September  8, 1992. 

C.M.  “Bud"  Schauerte, 

Administrator,  Federal  Insurance 
Administration. 

[FR  Doc.  92-22104  Filed  9-11-B2;  8:45  am) 

BILUNG  CODE  671S-03-M 


FEDERAL  COMMUNICATIONS 
COMMISSION 

47  CFR  Part  73 

[MM  Docket  No.  92-203,  RM-6057] 

Radio  Broadcasting  Services; 
Indiantown  and  Okeechobee,  FL 

agency:  Federal  Communications 
Commission. 


action:  Proposed  rule. 


summary:  This  document  requests 
comments  on  a  petition  by  Okeechobee 
Broadcasters,  Inc.,  licensee  of  Station 
WOKC(FM),  Channel  276C2, 
Okeechobee,  Florida,  seeking  the 
reallotment  of  Channel  278C2  from 
Okeechobee  to  Indiantown,  Florida,  and 
the  modification  of  its  license  to  specify 
Indiantown  as  its  community  of  license, 
in  accordance  with  §  1.420(i)  of  the 
Commission’s  rules.  The  coordinates  are 
North  Latitude  27-12-55  and  West 
Longitude  80-31-50. 

DATES:  Comments  must  be  filed  on  or 
before  October  28, 1992,  and  reply 
comments  on  or  before  November  10, 
1992. 

ADDRESSES:  Federal  Communications 
Commission,  Washington,  DC  20554.  In 


addition  to  filing  comments  with  the 
FCC,  interested  parties  should  serve  the 
petitioner,  or  its  counsel  or  consultant, 
as  follows:  John  M.  Spencer,  Leibowitz  & 
Spencer,  One  S.E.  Third  Avenue,  suite 
1450,  Miami,  Florida  33131.  (Counsel  for 
Okeechobee  Broadcasters,  Inc.). 

FOR  FURTHER  INFORMATION  CONTACT: 
Nancy  J.  Walls,  Mass  Media  Bureau, 
(202)  634-6530. 

SUPPLEMENTARY  INFORMATION:  This  is  a 
synopsis  of  the  Commission's  Notice  of 
Proposed  Rule  Making,  MM  Docket  No. 
92-203,  adopted  August  19, 1992,  and 
released  September  4, 1992.  The  full  text 
of  this  Commission  decision  is  available 
for  inspection  and  copying  during 
normal  business  hours  in  the  FCC 
Dockets  Branch  (room  230),  1919  M 
Street,  NW.,  Washington,  DC.  The 
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complete  text  of  this  decision  may  also 
be  purchased  from  the  Commission’s 
copy  contractors,  Downtown  Copy 
Center,  (202)  452-1422, 1990  M  Street, 
NW.,  suite  640,  Washington,  DC  20038. 

Provisions  of  the  Regulatory 
Flexibility  Act  of  1980  do  not  apply  to 
this  proceeding. 

Members  of  the  public  should  note 
that  from  the  time  a  Notice  of  Proposed 
Rule  Making  is  issued  until  the  matter  is 
no  longer  subject  to  Commission 
consideration  or  court  review,  all  ex 
parte  contacts  are  prohibited  in 
Commission  proceedings,  such  as  this 
one.  which  involve  channel  allotments. 
See  47  CFR  1.1204(b)  for  rules  governing 
permissible  ex  parte  contacts. 

For  information  regarding  proper  filing 
procedures  for  comments,  see  47  CFR 
1.415  and  1.420. 

List  of  Subjects  in  47  CFR  Part  73 

Radio  Broadcasting. 

Federal  Communications  Commission. 

Michael  C.  Ruger, 

Chief,  Allocations  Branch,  Policy  and  Rules 
Division,  Mass  Media  Bureau. 

[FR  Doc.  92-22010  Filed  9-11-92;  8:45  am) 

BILLING  CODE  6712-01-M 


47  CFR  Part  73 

(MM  Docket  No.  92-204,  RM-8058] 

Radio  Broadcasting  Services;  Lincoln, 
IL 

AGENCY:  Federal  Communications 

Commission. 

action:  Proposed  rule. 

SUMMARY:  This  document  requests 
comments  on  a  petition  by  L  &  M 
Broadcasting  Company,  Inc.,  requesting 
the  substitution  of  Channel  230B1  for 
Channel  230A  at  Lincoln,  Illinois,  and 
the  modification  of  Station  WESZ  (FM)’s 
license  to  specify  operation  on  Channel 
230B1.  The  proposed  coordinates  for 
Channel  230B1  at  Lincoln  are  North 
Latitude  40-01-11  and  West  Longitude 
89-18-16. 

DATES:  Comments  must  be  filed  on  or 
before  October  26, 1992,  and  reply 
comments  on  or  before  November  10. 
1992. 

ADDRESSES:  Federal  Communications 
Commission,  Washington,  DC  20554.  In 
addition  to  filing  comments  with  the 
FCC,  interested  parties  should  serve  the 
petitioner,  or  its  counsel  or  consultant, 
as  follows:  Mark  N.  Lipp,  Mullin.  Rhyne, 
Emmons  and  Topel,  P.C.,  1000 
Connecticut  Avenue,  NW.,  suite  500, 
Washington,  DC  20036  (Counsel  for  L  & 
M  Broadcasting  Company,  Inc.). 


FOR  FURTHER  INFORMATION  CONTACT: 

Nancy  J.  Walls,  Mass  Media  Bureau, 

(202)  634-6530. 

SUPPLEMENTARY  INFORMATION:  This  is  a 
synopsis  of  the  Commission’s  Notice  of 
Proposed  Rule  Making,  MM  Docket  No. 
92-204,  adopted  August  19, 1992,  and 
released  September  4, 1992.  The  full  text 
of  this  Commission  decision  is  available 
for  inspection  and  copying  during 
normal  business  hours  in  the  FCC 
Dockets  Branch  (room  230),  1919  M 
Street,  NW.,  Washington,  DC.  The 
complete  text  of  this  decision  may  also 
be  purchased  from  the  Commission’s 
copy  contractors,  Downtown  Copy 
Center,  (202)  452-1422, 1990  M  Street, 
NW.,  suite  640,  Washington,  DC  20036. 

Provisions  of  the  Regulatory 
Flexibility  Act  of  1980  do  not  apply  to 
this  proceeding. 

Members  of  the  public  should  note 
that  from  the  time  a  Notice  of  Proposed 
Rule  Making  is  issued  until  the  matter  is 
no  longer  subject  to  Commission 
consideration  or  court  review,  all  ex 
parte  contacts  are  prohibited  in 
Commission  proceedings,  such  as  this 
one,  which  involve  channel  allotments. 
See  47  CFR  1.1204(b)  for  rules  governing 
permissible  ex  parte  contacts. 

For  information  regarding  proper  filing 
procedures  for  comments,  see  47  CFR 
1.415  and  1.420. 

List  of  Subjects  in  47  CFR  Part  73 
Radio  broadcasting. 

Federal  Communications  Commission. 
Michael  C.  Ruger. 

Chief,  Allocations  Branch,  Policy  and  Rules 
Division,  Mass  Media  Bureau. 

(FR  Doc.  92-22011  Filed  9-11-92;  8:45  am] 

BILLING  CODE  6712--01-M 


DEPARTMENT  OF  TRANSPORTATION 

National  Highway  Traffic  Safety 
Administration 

49  CFR  Part  571 

[Docket  No.  92-48,  Notice  01  ] 

RIN  2127-AE55 

Federal  Motor  Vehicle  Safety 
Standards;  New  Pneumatic  Tires 

AGENCY:  National  Highway  Traffic 
Safety  Administration  (NHTSA), 
Department  of  Transportation  (DOT). 
ACTION:  Notice  of  proposed  rulemaking. 

summary:  This  notice  proposes  to 
implement  the  petition  by  the  European 
Tire  and  Rim  Technical  Organization 
(ETRTO)  requesting  that  NHTSA  amend 
Standard  No.  109,  New  Pneumatic 
Tires — Passenger  Cars,  to  permit  the 


testing  of  18  inch  and  19  inch  tires. 
Currently,  Standard  No.  109  does  not 
permit  tires  of  these  sizes  since  the 
standard  requires  each  tire  to  meet  all  of 
its  requirements  but  provides  no  way  to 
conduct  certification  tests  of  these  sized 
tires  to  the  bead  unseating  requirements. 
DATES:  Comment  closing  date: 

Comments  on  this  notice  must  be 
received  on  or  before  October  29. 1992. 

Proposed  Effective  Date:  If  adopted, 
the  amendments  proposed  in  this  notice 
would  become  effective  30  days 
following  publication  of  a  final  rule  in 
the  Federal  Register. 
addresses:  Comments  should  refer  to 
the  docket  and  notice  numbers  above 
and  be  submitted  to;  Docket  Section, 
National  Highway  Traffic  Safety 
Administration,  room  5109,  400  Seventh 
Street,  SW.,  Washington,  DC  20590. 
Docket  Room  hours  are  9:30  a.m.-4  p.m., 
Monday  through  Friday. 

FOR  FURTHER  INFORMATION  CONTACT: 

Mr.  Larry  Cook,  Office  of  Vehicle  Safety 
Standards,  National  Highway  Traffic 
Safety  Administration,  400  Seventh 
Street,  SW.,  Washington,  DC  20590. 
Telephone:  (202)  366-4803. 
SUPPLEMENTARY  INFORMATION:  Federal 
Motor  Vehicle  Safety  Standard  No.  109, 
New  Pneumatic  Tires,  (49  CFR  571.109) 
contains  several  performance 
requirements  and  tests  related  to 
pneumatic  tires.  Section  S4.2.2.3 
specifies  force  levels  that  a  pneumatic 
tire  must  withstand  before  the  tire  bead 
is  unseated.  For  a  tire  that  has  a 
maximum  inflation  pressure  other  than 
60  psi,  the  force  levels  are  related  to  the 
tire’s  designated  section  width. 
(S4.2.2.3.1)  For  a  tire  that  has  a 
maximum  inflation  pressure  of  60  psi 
(i.e.,  a  T-Type  temporary  spare  tire),  the 
force  levels  required  to  unseat  the  bead 
are  determined  by  the  tire’s  maximum 
load  rating  (S4.2.2.3.2). 

Section  S5.2  sets  forth  test  procedures 
related  to  the  bead  unseating  resistance 
requirements.  In  preparation  for  the  test, 
the  tire  to  be  tested  must  be  washed, 
dried,  and  inflated  to  one  of  the  inflation 
pressures  specified  in  table  II  of  the 
standard.  11160  after  mounting  the  wheel 
and  tire  in  a  fixture  described  in  figure  1 
of  the  standard,  a  load  is  applied  at  not 
less  than  four  places  equally  spaced 
around  the  tire's  circumference  through 
a  testing  block  until  the  bead  unseats  or 
the  specified  value  is  reached. 

Figure  1  specifies  dimensions  of  the 
bead  unseating  fixture  for  the  “wheel 
size’’  and  "dimension  A  for  tires  with 
maximum  inflation  pressure.”  On  the 
bead  unseating  fixture,  dimension  A  is 
the  distance  from  the  center  of  the 
mounted  wheel  and  tire  combination  to 
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the  point  at  which  the  test  anvil  contacts 
the  tire  at  the  beginning  of  the  bead 
unseating  seat.  The  point  of  contact  is 
the  maximum  section  width  of  a 
properly  inflated  tire.  Dimension  A  is 
currently  specified  for  wheel  sizq§ 
ranging  from  10  inches  to  17  inches  for 
standard  and  T  Type  (temporary  spare) 
tires  and  18  inches  for  T  Type  tires  only. 
Since  dimension  A  is  not  specified  for 
either  the  18  inch  wheel  for  standard 
tires  or  19  inch  wheels  for  either  tire, 
tires  for  those  wheels  cannot  be  tested. 

The  European  Tire  and  Rim  Technical 
Organization  (ETRTO)  petitioned  the 
agency  to  amend  the  dimensions  in  the 
bead  unseating  fixture  in  figure  1.  For 
tires  other  than  60  lbs/in  2,  it  requested 
that  in  figure  1,  the  standard  include  a 
12.5  inch  dimension  A  for  18  inch  tires 
and  a  13.0  inch  dimension  A  for  19  inch 
tires.  For  60  lbs/in  2  tires,  it  requested 
that  in  Figure  1,  the  standard  include  a 
12.0  inch  dimension  A  for  19  inch  tires. 
The  petition  stated  that  the  new 
dimension  A’s  are  required  for  18  and  19 
inch  tires  which  have  been  standardized 
by  ETRTO. 

After  reviewing  the  petition,  the 
agency  has  decided  to  grant  the  petition 
and  to  issue  this  notice  of  proposed 
rulemaking  to  amend  Standard  No.  109. 
The  agency  tentatively  concludes  that  it 
would  be  appropriate  to  adopt  the 
requested  amendments  to  Figure  1  in 
Standard  No.  109  and  make  possible  the 
testing  of  18  and  19  inch  standard  tires 
and  19  inch  T  Type  temporary  tires.  The 
standard  currently  does  not  specify  the 
dimensions  necessary  to  make  it 
possible  to  test  tires  of  these  sizes.  The 
agency  believes  that  the  proposal  would 
facilitate  the  introduction  of  18  and  19 
inch  tires. 

Section  103(c)  of  the  Vehicle  Safety 
Act  requires  that  each  order  shall  take 
effect  no  sooner  than  180  days  from  the 
date  the  order  is  issued  unless  "good 
cause”  is  shown  that  an  earlier  effective 
date  is  in  the  public  interest.  Since  this 
amendment  would  facilitate  the 
introduction  of  certain  tires  without 
imposing  additional  requirements  on 
manufacturers  and  since  the  public 
interest  would  be  served  by  not  delaying 
the  introduction  of  these  alternative  tire 
designs,  the  agency  has  determined  that 
there  is  good  cause  to  propose  an 
effective  date  30  days  after  publication 
of  the  final  rule. 

This  proposed  rule  would  not  have 
any  retroactive  effect.  Under  section 
103(d)  of  the  National  Traffic  and  Motor 
Vehicle  Safety  Act  (15  U.S.C.  1392(d)), 
whenever  a  Federal  motor  vehicle  safety 
standard  is  in  effect,  a  state  may  not 
adopt  or  maintain  a  safety  standard 
applicable  to  the  same  aspect  of 
performance  which  is  not  identical  to 


the  Federal  standard.  Section  105  of  the 
Act  (15  U.S.C.  1394)  sets  forth  a 
procedure  for  judicial  review  of  final 
rules  establishing,  amending  or  revoking 
Federal  motor  vehicle  safety  standards. 
That  section  does  not  require 
submission  of  a  petition  for 
reconsideration  or  other  administrative 
proceedings  before  parties  may  file  suit 
in  court. 

Rulemaking  Analyses  and  Notices 

Executive  Order  12291  (Federal 
Regulation)  and  DOT  Regulatory 
Policies  and  Procedures 

NHTSA  has  examined  the  impact  of 
this  rulemaking  action  and  determined 
that  it  is  neither  major  within  the 
meaning  of  Executive  Order  12291,  nor 
significant  within  the  meaning  of  the 
Department  of  Transportation’s 
regulatory  policies  and  procedures. 
NHTSA  has  found  that  its  effect  would 
be  so  minimal  as  not  to  warrant 
preparation  of  a  full  regulatory 
evaluation.  NHTSA  has  evaluated  this 
proposal  and  believes  that  it  would 
impose  no  mandatory  costs  on 
manufacturers.  This  amendment  would 
merely  permit  manufacturers  to 
introduce  tires  of  larger  dimensions.  For 
those  manufacturers,  the  costs  would  be 
minimal.  It  would  not  have  an  impact  on 
the  economy  in  excess  of  $100  million. 
Similarly,  it  would  not  result  in  a  major 
change  in  costs  or  prices  for  consumers, 
individuals,  industries,  government,  or 
any  geographic  region.  Nor  would  this 
action  significantly  affect  competition. 

Regulatory  Flexibility  Act 

NHTSA  has  also  considered  the 
impacts  of  this  rulemaking  action  under 
the  Regulatory  Flexibility  Act.  I  hereby 
certify  that  the  proposed  amendments 
would  not  have  a  significant  economic 
impact  on  a  substantial  number  of  small 
entities.  Accordingly,  the  agency  has  not 
prepared  a  preliminary  regulatory 
flexibility  analysis. 

The  agency  believes  that  few,  if  any, 
tire  manufacturers  qualify  as  small 
businesses.  Small  businesses,  small 
organizations  and  small  governmental 
units  would  be  affected  by  the  proposed 
management  amendment  only  to  the 
extent  that  they  purchase  vehicles  for 
which  the  tires  in  question  are 
specifically  designed. 

National  Environmental  Policy  Act 

NHTSA  has  analyzed  this  rulemaking 
action  for  purposes  of  the  National 
Environmental  Policy  Act.  The  agency 
has  determined  that  implementation  of 
this  action  would  not  have  any 
significant  impact  on  the  quality  of  the 
human  environment. 


Executive  Order  12612  (Federalism) 

NHTSA  has  analyzed  this  proposal  in 
accordance  with  the  principles  and 
criteria  contained  in  Executive  Order 
12612.  The  agency  has  determined  that 
this  proposal  does  not  have  sufficient 
federalism  implications  to  warrant  the 
preparation  of  a  Federalism 
Assessment. 

Request  for  Comments 

Interested  persons  are  invited  to 
submit  comments  on  the  proposal.  It  is 
requested  but  not  required  that  10  copies 
be  submitted. 

All  comments  must  not  exceed  15 
pages  in  length.  (49  CFR  553.21). 
Necessary  attachments  may  be 
appended  to  these  submissions  without 
regard  to  the  15-page  limit.  This 
limitation  is  intended  to  encourage 
commenters  to  detail  their  primary 
arguments  in  a  concise  fashion. 

If  a  commenter  wishes  to  submit 
certain  information  under  a  claim  of 
confidentiality,  three  copies  of  the 
complete  submission,  including 
purportedly  confidential  business 
information,  should  be  submitted  to  the 
Chief  Counsel,  NHTSA,  at  the  street 
address  given  above,  and  seven  copies 
from  which  the  purportedly  confidential 
information  has  been  deleted  should  be 
submitted  to  the  Docket  Section.  A 
request  for  confidentiality  should  be 
accompanied  by  a  cover  letter  setting 
forth  the  information  specified  in  the 
agency's  confidential  business 
information  regulation.  49  CFR  part  512. 

All  comments  received  before  the 
close  of  business  on  the  comment 
closing  date  indicated  above  for  the 
proposal  will  be  considered,  and  will  be 
available  for  examination  in  the  docket 
at  the  above  address  both  before  and 
after  that  date.  To  the  extent  possible, 
comments  filed  after  the  closing  date 
will  also  be  considered.  Comments 
received  too  late  for  consideration  in 
regard  to  the  final  rule  will  be 
considered  as  suggestions  for  further 
rulemaking  action.  Comments  on  the 
proposal  will  be  available  for  inspection 
in  the  docket.  The  NHTS  will  continue 
to  file  relevant  information  in  the  docket 
after  the  closing  date,  and  it  is 
recommended  that  interested  persons 
continue  to  examine  the  docket  for  new 
material. 

Those  persons  desiring  to  be  notified 
upon  receipt  of  their  comments  in  the 
rules  docket  should  enclose  a  self- 
addressed,  stamped  postcard  in  the 
envelope  with  their  comments.  Upon 
receiving  the  comments,  the  docket 
supervisor  will  return  the  postcard  by 
mail. 
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List  of  Subjects  in  49  CFR  Part  571 

Imports,  Motor  vehicle  safety,  Motor 
vehicles.  Rubber  and  rubber  products. 
Tires. 

In  consideration  of  the  foregoing,  49 
CFR  Parts  571  would  be  amended  as 
follows: 

PART  571— [AMENDED] 

1.  The  authority  citation  for  part  571 
would  continue  to  read  as  follows: 

Authority:  15  U.S.C.  1392. 1401. 1403, 1407; 
delegation  of  authority  at  49  CFR  1.50. 

§571.109  [Amended] 

2.  The  table  showing  dimension  “A" 
in  Figure  1  of  §  571.109  would  be  revised 
to  appear  as  follows: 


Wheel  size 


Dimension  "A”  (or  tires  with 
maximum  inflation  pressure 


Other  than  60 
Ibs/in  1 


60  Ibs/in  * 


Wheel  size 


Dimension  "A”  for  tires  with 
maximum  inflation  pressure 


Other  than  60 
Ibs/in  * 


60  Ibs/in  * 


19 _ _ 

18 _ _ 

14 _ _ 

13 . 

ill _ ’ 

320mm... _ 

340mm _ 

345mm _ _ 

365mm - - 

370mm _ 

390mm _ _ — 

415mm _ 

400mm(l) . 


13.00 

12.00 

12.50 

11.40 

12.00 

10.60 

11.50 

9.90 

11.00 

9.40 

10.50 

8.90 

10.00 

840 

9.50  . 

9.00  . 

8.50  . 

8.50  . . 

9.00  . 

9.25  . 

9.75  . 

10.00  . 

11  00  . 

11.50  . 

10.25  . 

— 

425mm[^) _ 

450mm(1) - 

475mm(1) _ 

500mm(1)__ . . 


10.75  _ 

11.25  _ 

11.75  _ 

12.25  . . . 


(1)  for  CT  tires  only 
*  *  •  *  * 

Issued  on:  September  9, 1992. 

Barry  Felrice, 

Associate  Administrator  for  Rulemaking. 
[FR  Doc.  92-22127  Filed  9-11-92;  8:45  am} 
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DEPARTMENT  OF  AGRICULTURE 

Human  Nutrition  information  Service 

DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Office  of  the  Assistant  Secretary  for 
Health 

National  Nutrition  Monitoring  Advisory 
Council:  Meeting 

SUMMARY:  The  National  Nutrition 
Monitoring  Advisory  Council  will  hold 
its  third  meeting  on  September  24, 1992, 

1  p.m.  to  5  p.m.  and  September  25, 1992, 

9  aon.  to  4  p.m.  in  the  U.S.  Department  of 
Agriculture’s  Administration  Building, 
room  107 A,  located  at  14th  Street  and 
Independence  Avenue,  SW. 

Washington,  DC  20250.  The  meeting  is 
open  to  the  public. 

FOR  FURTHER  INFORMATION  CONTACT: 

Alanna  J.  Moshfegh,  Co-Executive 
Secretary  to  the  Council  from  USDA, 
Human  Nutrition  Information  Service, 
U.S.  Department  of  Agriculture,  6505 
Belcrest  Road,  room  366,  Hyattsville, 

MD  20782,  (301)  436-8457;  or  Linda 
Meyers,  Ph.D.,  Co-Executive  Secretary 
to  the  Council  from  HHS,  Public  Health 
Service,  Office  of  Disease  Prevention 
and  Health  Promotion,  room  2132, 
Switzer  Building,  330  C  Street  SW., 
Washington,  DC  20201,  (202)  205-9007. 
SUPPLEMENTARY  INFORMATION:  The 
responsibilities  of  the  National  Nutrition 
Monitoring  Advisory  Council  are  to 
evaluate  the  scientific  and  technical 
quality  of  the  ten-year  comprehensive 
plan  and  the  effectiveness  of  the 
coordinated  National  Nutrition 
Monitoring  and  Related  Research 
Program  and  to  provide  guidance  to  the 
Secretaries  of  USDA  and  HHS.  This 
Council  is  also  required  by  Public  Law 
101-445  to  prepare  annual  reports  to  the 
Secretaries  of  both  USDA  and  HHS  that 
include  recommendations  for 
improvement  of  the  Program. 


The  Council  meeting  agenda  will 
include  nutrition  monitoring 
presentations  and  in-depth  discussion 
on  two  topics — monitoring  high-risk 
population  subgroups  and  food 
composition  data.  The  Council  will  also 
discuss  its  annual  report  to  the 
Secretaries.  The  public  may  file 
statements  with  the  Council  before  or 
after  the  meeting  by  addressing  them  to 
either  of  the  contact  persons  listed 
above. 

Done  at  Washington,  DC,  this  3rd  of 
September,  1992. 

Sue  Ann  Ritchko, 

Administrator,  Human  Nutrition  Information 
Service,  U.S.  Department  of  Agriculture. 

Dated:  September  3, 1992. 

James  A.  Harrell, 

Deputy  Director,  Office  of  Disease  Prevention 
and  Health  Promotion,  Office  of  the  Assistant 
Secretary  for  Health,  US.  Department  of 
Health  and  Human  Services. 

(FR  Doc.  92-22080  Filed  9-11-92;  8:45  am] 
BILLING  CODE  3410-KE-M 


DEPARTMENT  OF  COMMERCE 
Foreign-Trade  Zones  Board 
[Order  No.  598] 

Expansion  of  Foreign-Trade  Zone  72 
Indianapolis,  IN 

Pursuant  to  the  authority  granted  in 
the  Foreign-Trade  Zones  Act  of  June  18, 
1934,  as  amended  (19  U.S.C.  81a-81u) 

(the  Act),  and  the  Foreign-Trade  Zones 
Board  Regulations  (15  CFR  part  400),  the 
Foreign-Trade  Zones  Board  (the  Board) 
adopts  the  following  Resolution  and 
Order: 

Whereas,  an  application  from  the 
Indianapolis  Airport  Authority,  Grantee 
of  Foreign-Trade  Zone  No.  72,  for 
authority  to  expand  its  general-purpose 
zone  in  Indianapolis,  Indiana,  within  the 
Indianapolis  Customs  port  of  entry,  was 
filed  by  the  Board  on  August  7, 1991,  and 
notice  inviting  public  comment  was 
given  in  the  Federal  Register  on  August 
16, 1991  (Docket  45-91,  56  FR  40862); 

Whereas,  an  examiners  committee 
has  investigated  the  application  in 
accordance  with  the  Board’s  regulations 
and  recommends  approval; 

Whereas,  the  expansion  is  necessary 
to  improve  and  expand  zone  services  in 
the  Indianapolis  area;  and, 


Whereas,  the  Board  has  found  that 
the  requirements  of  the  Act  and  the 
Board's  regulations  are  satisfied,  and 
that  approval  subject  to  an  activation  , 
limit  is  in  the  public  interest; 

Now,  Therefore,  the  Board  hereby  1 
orders: 

That  the  Grantee  is  authorized  to 
expand  its  zone  in  accordance  with  the 
application  filed  on  August  7, 1991, 
subject  to  the  Act  and  the  Board’s 
regulations  (as  revised,  56  FR  50790- 
50808, 10-8-91),  including  §  400.28,  and 
subject  to  the  further  requirement  that 
Board  approval  is  required  before  the 
activated  area  may  exceed  2,000  acres. 

Signed  at  Washington,  DC,  this  2d  day  of 
September,  1992. 

Rolf  Th.  Lundberg,  Jr., 

Acting  Assistant  Secretary  of  Commerce  for 
Import  Administration,  Chairman,  Committee 
of  Alternates  Foreign-Trade  Zones  Board. 
Attest: 

John  J.  Da  Ponte,  Jr„ 

Executive  Secretary. 

[FR  Doc.  92-22039  Filed  9-11-92;  8:45  am] 

BILLING  CODE  3510-DS-M 


International  Trade  Administration 

[A-588-405] 

Cellular  Mobile  Telephones  and 
Subassemblies  From  Japan;  Notice  of 
Court  of  International  Trade  Decision 

AGENCY:  International  Trade 
Administration,  Import  Administration, 
Department  of  Commerce. 

ACTION:  Notice  of  Court  of  International 
Trade  Decision. 

summary:  On  August  21, 1992,  the 
United  States  Court  of  International 
Trade  (CIT)  ruled  that  Mitsubishi 
Electric  Corporation  (MELCO)  RF  power 
semiconductors  are  not  within  the  scope 
of  the  antidumping  duty  order  on 
cellular  mobile  telephones  and 
subassemblies  from  Japan.  If  the  CIT s 
opinion  in  this  case  is  not  appealed,  or  is 
affirmed  on  appeal,  then  the  Department 
of  commerce  (the  Department)  will 
consider  MELCO  RF  power 
semiconductors  outside  the  scope  of  the 
order  and  instruct  customs  to  liquidate 
the  entries  without  regard  to 
antidumping  duties. 

FOR  FURTHER  INFORMATION  CONTACT: 
Cameron  Cardozo  or  Maria  MacKay, 
Office  of  Countervailing  Compliance, 
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International  Trade  Administration,  U.S. 
Department  of  Commerce,  14th  Street 
and  Constitution  Ave.,  NW., 

Washington,  DC  20230,  telephone:  (202) 
377-2788. 

SUPPLEMENTARY  INFORMATION: 

Background 

On  November  26, 1990,  the 
Department  of  initiated  a  scope  inquiry 
to  determine  whether  RF  power 
semiconductors  produced  and  imported 
by  MELCO  are  covered  under  the  scope 
of  the  antidumping  duty  order  on 
cellular  mobile  telephones  and 
subassemblies  from  Japan.  The  scope 
inquiry  was  conducted  in  the  context  of 
the  fourth  administrative  review  of  the 
antidumping  duty  order  covering  the 
period  December  1, 1988  through 
November  30, 1989. 

On  April  15, 1991,  the  Department 
determined  that  MELCO’s  RF  power 
semiconductors  were  subassemblies 
within  the  scope  of  the  antidumping 
duty  order  on  cellular  mobile  telephones 
and  subassemblies  from  Japan.  See 
Notice  of  Scope  Rulings,  56  FR  36,774 
(August  1, 1991).  As  a  result,  in  order  to 
proceed  with  its  antidumping  duty 
administrative  review,  the  Department 
required  MELCO  to  answer  a 
questionnaire  regarding  RF  power 
semiconductors.  On  March  4, 1992,  the 
Department  published  the  final  results 
of  its  administrative  review  (57  FR  7728) 
and  determined  that  MELCO’s  dumping 
.  margin  was  de  minimis  for  the  review 
period. 

On  April  23, 1991,  MELCO  appealed 
the  Department’s  scope  ruling  to  the 
CIT.  On  August  21, 1992,  the  CIT 
overturned  the  Department’s  ruling  and 
determined  that  MELCO’s  RF  power 
semiconductors  are  not  within  the  scope 
of  the  antidumping  duty  order  on 
cellular  mobile  telephones  and 
subassemblies  from  Japan.  See 
Mitsubishi  Electric  Corp.  et.  al.  v. 

United  States  and  Motorola,  Inc.,  Court 
No.  91-04-00301.  Slip  Op.  92-138  (CIT 
August  21, 1992). 

In  its  decision  in  Timken  Co.  v.  United 
States.  893  F.2d  337  (Fed.  Cir.  1990),  the 
Court  of  Appeals  for  the  Federal  Circuit 
held  that,  pursuant  to  19  U.S.C.  section 
1516a(e),  the  Department  must  publish  a 
notice  of  a  Court  decision  which  is  not 
“in  harmony"  with  an  International 
Trade  Commission  or  Department 
determination  and  must  suspend 
liquidation  of  entries  pending  a 
"conclusive”  court  decision.  The  Court 
of  International  Trade’s  decision  of 
August  21, 1992  constitutes  a  decision 
not  in  harmony  with  a  Department 
decision. 


Absent  an  appeal,  or,  if  appealed, 
upon  a  “conclusive"  decision  by  the 
Court  of  Appeals  for  the  Federal  Circuit, 
affirming  the  CIT,  the  Department  will 
consider  MELCO  RF  power 
semiconductors  outside  the  scope  of  the 
antidumping  duty  order  on  cellular 
mobile  telephones  and  subassemblies 
from  Japan  and  instruct  Customs  to 
liquidate  the  entries  without  regard  to 
antidumping  duties. 

Dated:  September  4, 1992. 

Alan  M.  Dunn, 

Assistant  Secretary  for  Import 
Administration. 

[FR  Doc.  92-22040  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  3510-OS-M 


[A-559-802] 

Industrial  Belts  and  Components  and 
Parts  Thereof,  Whether  Cured  or 
Uncured,  From  Singapore;  Final 
Results  of  Antidumping  Duty 
Administrative  Review 

AGENCY:  International  Trade 
Administration/Import  Administration, 
Department  of  Commerce. 
action:  Notice  of  Final  Results  of 
Antidumping  Duty  Administrative 
Review. 

SUMMARY:  On  May  29, 1991,  the 
Department  of  Commerce  published  the 
preliminary  results  of  its  administrative 
review  of  the  antidumping  duty  order  on 
industrial  belts  and  components  and 
parts  thereof,  whether  cured  or  uncured, 
from  Singapore  (56  FR  24172).  The 
review  covers  one  manufacturer/ 
exporter  of  the  subject  merchandise, 
Mitsuboshi  Belting  (Singapore)  Pte.,  Ltd., 
and  the  period  February  1, 1989  through 
May  31, 1990. 

As  a  result  of  the  review,  the 
Department  has  determined  to  assess 
antidumping  duties  based  on  the  best 
information  available. 

EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 
Millie  Mack  or  Jean  C.  Kemp,  Office  of 
Agreements  Compliance,  International 
Trade  Administration,  U.S.  Department 
of  Commerce,  Washington,  DC  20230; 
telephone  (202)  377-3793. 
SUPPLEMENTARY  INFORMATION: 

Scope  of  the  Review 

The  products  covered  by  this  review 
are  shipments  of  industrial  belts  and 
components  and  parts  thereof,  whether 
cured  or  uncured,  from  Singapore.  The 
covered  merchandise  consists  of  certain 
industrial  V-belts  used  for  power 
transmission.  These  include  V-belts,  in 
part  or  wdiolly  of  rubber  or  plastic,  and 
containing  textile  fiber  (including  glass 


fiber)  or  steel  wire,  cord  or  strand,  and 
whether  in  endless  [i.e.,  closed  loops) 
belts,  or  in  belting  in  lengths  or  links. 

This  review  excludes  conveyor  belts 
and  automotive  belts  as  well  as  front 
engine  drive  belts  found  on  equipment 
powered  by  internal  combustion 
engines,  including  trucks,  tractors, 
buses,  and  lift  trucks. 

During  the  review  period,  the 
merchandise  was  classifiable  under 
Harmonized  Tariff  System  (HTS) 
subheadings  3926.90.55, 4010.10.10, 
4010.10.50,  5910.00.10,  5910.00.90,  and 
7326.20.00. 

The  HTS  subheadings  are  provided 
for  convenience  and  Customs  purposes. 
The  written  description  remains 
dispositive. 

The  review  covers  the  shipments  of 
one  manufacturer/exporter  of  industrial 
belts  from  Singapore  to  the  United 
States,  Mitsuboshi  Belting  (Singapore) 
Pte.,  Ltd.  (MBS),  and  the  period  February 
1, 1989  through  May  31, 1990. 

Background 

On  July  26, 1990,  in  accordance  with 
19  CFR  353.22(c),  the  Department  of 
Commerce  (the  Department)  initiated  an 
administrative  review  of  the 
antidumping  duty  order  (54  FR  25315, 
June  14, 1989)  on  industrial  belts  and 
components  and  parts  thereof  from 
Singapore  (55  FR  30490)  for  the  period 
February  1, 1989  through  May  31, 1990. 
On  May  29, 1991,  we  published  the 
preliminary  results  of  this 
administrative  review  (56  FR  24172).  We 
gave  interested  parties  an  opportunity  to 
comment  on  our  preliminary  results,  and 
we  received  comments  and  rebuttal 
comments  from  both  petitioner  and 
respondent.  At  the  request  of  petitioner. 
Gates  Rubber  Company  (Gates),  we 
held  a  public  hearing  on  July  25, 1991. 
The  Department  has  now  completed  this 
review  in  accordance  with  section  751  of 
the  Tariff  Act  of  1930,  as  amended  (the 
Tariff  Act). 

Gates'  primary  comment  was  that  the 
home  market  was  not  viable.  In  the 
preliminary  results,  we  found  the 
Singapore  home  market  to  be  viable, 
based  on  our  determination  that  home 
market  sales  were  greater  than  five 
percent,  by  value,  of  third-country  sales 
other  than  U.S.  sales.  Gates  pointed  out 
that  quantity  is  the  appropriate  basis  for 
testing  viability,  not  value,  and  that 
when  viability  was  tested  on  a  quantity 
basis,  home  market  sales  accounted  for 
slightly  less  than  five  percent  of  total 
third-country  sales. 

The  Department  agreed  with  Gates, 
and  determined  that  the  home  market 
was  not  viable.  Therefore,  on  February 
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10, 1992,  we  requested  third-country 
(Canadian)  sales  information. 

Because  MBS  refused  to  provide  the 
information  requested,  we  used  best 
information  available  (BIA).  As  BIA,  we 
used  the  rate  from  the  less-than-fair- 
value  (LTFV)  investigation,  which  was 
31.73  percent. 

Analysis  of  Comments  Received 

Due  to  the  Department's 
determination  that  the  home  market  was 
not  viable,  all  comments  filed  in 
response  to  our  preliminary  results  were 
rendered  moot  because  they  addressed 
either  the  completeness  of  the  original 
response  or  aspects  of  our  analysis 
based  on  use  of  home  market  sales.  As  a 
result  of  our  decision  to  issue  the  third- 
country  sales  questionnaire,  we  received 
a  comment  from  respondent  and 
rebuttal  comments  from  petitioner. 

Comment:  In  its  response  to  our 
request  for  Canadian  sales  information, 
MBS  alleged  that  the  Department’s 
request  for  this  information  after  the 
preliminary  results  were  issued  was  not 
in  accordance  with  the  statute. 

Moreover,  because  MBS  had  informed 
the  Department  that  it  could  not  provide 
Canadian  data  when  the  Department 
previously  requested  it  for  certain 
models,  MBS  asserted  that  the 
Department's  decision  to  request  it  at 
this  stage  of  the  review  was  devised  to 
result  in  the  use  of  BIA.  Furthermore, 
MBS  contended  that  the  Department  has 
only  two  "legal”  courses  of  action — 
either  use  the  home  market  information 
on  the  record  or  request  constructed 
value  (CV)  information. 

Department’s  Position:  The  purpose  of 
issuing  preliminary  results  is  to  allow 
parties  to  provide  comments  on  our 
analysis.  In  this  case,  the  necessity  of 
the  Canadian  sales  information  was  not 
evident  until  we  received  these 
comments.  We  requested  this 
information  in  accordance  with  19  CFR 
353.31(b)(1),  which  provides  that  the 
Department  may  request  any  person  to 
submit  factual  information  at  any  time 
during  a  proceeding.  We  chose  Canada 
as  the  basis  of  foreign  market  value 
(FMV)  when  the  home  market  was 
found  not  to  be  viable.  Contrary  to 
respondent’s  allegation  that  our  decision 
to  request  Canadian  sales  data  was 
"devised”  to  result  in  our  use  of  BIA,  we 
were  simply  following  section 
773(a)(1)(B)  of  the  Turin  /\ci  aim  jl»  i^rn. 
353.48,  which  indicate  a  preference  for 
the  use  of  third-country  sales  over  CV  as 
the  basis  of  FMV  when  the  home  market 
is  not  viable. 

The  Department  could  not  use  home 
market  sales  for  the  final  results  of 
review  because  the  home  market  was 
not  viable.  The  Department  has 


discretion  in  the  application  of  the  five- 
percent  viability  guideline  when  the 
facts  of  a  case  warrant  divergence  from 
it.  In  this  case,  however,  MBS  did  not 
provide  any  information  that  would 
compel  the  Department  to  deviate  from 
the  five-percent  guideline. 

Because  MBS  refused  to  provide  the 
information  requested,  we  used  BIA,  in 
accordance  with  section  770(c)  of  the 
Tariff  Act,  which  requires  the 
Department  to  use  BIA  “whenever  a 
party  or  any  other  person  refuses  or  is 
unable  to  produce  information  requested 
in  a  timely  manner  or  in  the  form 
required,  or  otherwise  significantly 
impedes  an  investigation." 

Contrary  to  MBS’s  assertion,  MBS’s 
situation  is  not  analogous  to  that 
disapproved  in  Olympic  Adhesives,  Inc . 
v.  United  States,  899  F.2d  1565  (Fed.  Cir. 
1990),  in  which  the  Federal  Circuit  Court 
held  that  the  Department  may  not 
"characterize  a  party’s  failure  to  list  and 
give  details  of  sales  as  a  ‘refusal’  or 
‘inability’  to  give  an  answer  where,  in 
fact,  there  are  no  sales.”  Olympic 
Adhesives,  899  F.2d  at  1572. 

In  its  response  to  our  request  for 
Canadian  sales  information,  MBS  stated 
that  it  could  not  provide  the  information 
due  to  changes  in  the  computer  and 
accounting  systems  at  MBL-Canada,  an 
affiliate  of  MBS,  in  January  1990.  MBS 
stated  that  the  data  files  containing  the 
information  are  on  the  old  computer 
system  and  cannot  be  accessed  by  the 
new  system. 

MBS  first  raised  this  issue  in  October 
1990,  when  we  requested  Canadian 
sales  information  for  certain  belt  models 
with  no  home  market  model  matches.  At 
that  time,  MBS  explained  that,  in  order 
to  provide  information  on  Canadian 
sales,  it  would  have  to  retrieve  and 
compile  the  data  manually  because  the 
old  and  new  computer  systems  were 
incompatible.  Because  this  exercise 
would  be  very  costly  in  time  and 
resources,  MBS  suggested  that  the 
Department  use  CV  for  the  unmatched 
sales.  MBS  found  home  market  matches 
for  all  of  the  models  sold  in  the  United 
States,  however,  so  the  Canadian  sales 
information  was  no  longer  needed  by 
the  Department. 

MBS  has  never  denied  that  the 
Canadian  sales  information  exists,  it 
states  only  that  the  data  files  are  not 
accessible  hv  MBL-Canada’s  new 
computer  system,  ivino  indicated  in 
October  1990  that  it  could  compile  the 
requested  information  manually.  The 
respondent  is  not  relieved  of  its 
obligation  to  furnish  information  the 
Department  determines  to  be  necessary 
merely  because  the  respondent  finds  the 
Department’s  request  burdensome.  To 
allow  such  an  exception  would  provide 


respondents  with  an  incentive  to  deem  it 
burdensome  to  compile  unfavorable 
information,  which  would  permit 
respondents  to  direct  the  results  of 
reviews.  If  MBS  needed  more  time  to 
prepare  its  response,  it  could  have 
requested  an  extension  of  time. 

However,  in  its  response  to  our 
February  1992  request  for  Canadian 
sales  information,  MBS  did  not  request 
an  extension  of  time  for  the  compilation 
of  this  data.  Furthermore,  MBS  should 
reasonably  have  known  that  the  data 
files  would  be  necessary  in 
administrative  reviews,  because  in  the 
LTFV  investigation,  the  Singapore 
market  was  found  not  to  be  viable,  and 
Canadian  sales  information  was  used  to 
calculate  FMV. 

When  a  respondent  refuses  to 
cooperate  with  the  Department,  it  is  the 
Department’s  policy  to  use  as  BIA  the 
higher  of:  (1)  the  highest  of  the  rates 
found  for  any  firm  in  the  LTFV 
investigation  or  prior  administrative 
reviews,  or  (2)  the  highest  rate  found  in 
this  review.  Antifriction  Bearings  (other 
than  Tapered  Roller  Bearings)  and  Parts 
thereof  from  France,  Germany,  Italy, 
Japan,  Romania,  Singapore,  Sweden, 
Thailand,  and  the  United  Kingdom,  Final 
Results  of  Antidumping  Duty 
Administrative  Reviews,  57  FR  28380, 
28379,  June  24, 1992.  As  BIA,  we  used  the 
rate  from  the  LTFV  investigation,  which 
was  31.73  percent. 

Final  Results  of  the  Review 

As  BIA,  we  used  the  rate  from  the 
original  investigation  of  sales  at  less- 
than-fair-value,  which  was  31.73 
percent. 

The  Department  shall  determine,  and 
the  U.S.  Customs  Service  shall  assess, 
antidumping  duties  on  all  appropriate 
entries.  The  Department  will  issue 
appraisement  instructions  directly  to  the 
Customs  Service. 

Because  the  final  results  for  a  period 
of  review  more  recent  than  the  review 
period  covered  by  this  notice  have  been 
issued,  the  dumping  margin  determined 
in  this  notice  of  final  results  of  review 
will  have  no  impact  on  the  current  cash 
deposit  rate.  The  Customs  Service  shall 
continue  to  require  a  cash  deposit  for  all 
merchandise  produced  or  exported  by 
MBS  of  estimated  antidumping  duties 
based  on  the  final  rate  published  for  the 
company’s  most  recent  administrative 
review  period.  Normally,  for  any  future 
entries  of  this  merchandise  from  a  new 
exporter  not  covered  in  this  or  in  prior 
reviews,  and  who  is  unrelated  to  any 
previously  reviewed  firm,  a  cash  deposit 
of  estimated  antidumping  duties,  equal 
to  the  highest  non-BIA  rate  for  any  firm 
with  shipments  during  the  most  recent 
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period  for  which  a  review  has  been 
completed,  would  be  required.  However, 
because  the  only  firm  in  the  only 
previous  review  received  a  BLA.  rate, 
and  there  is  therefore  no  previous 
review  in  which  a  non-BIA  rate  was 
established,  the  “all  other"  rate  will  be 
the  “all  other"  rate  from  the  original 
investigation  of  sales  at  less-than-fair- 
value,  This  is  the  same  “all  other"  rate 
as  in  the  most  recently  completed 
review. 

This  notice  also  serves  as  a  final 
reminder  to  importers  of  their 
responsibility  under  19  CFR  353.28  to  file 
a  certificate  regarding  the 
reimbursement  of  antidumping  duties 
prior  to  liquidation  of  the  relevant 
entries  during  this  review  period.  Failure 
to  comply  with  this  requirement  could 
result  in  the  Secretary's  presumption 
that  reimbursement  of  antidumping 
duties  occurred  and  the  subsequent 
assessment  of  double  antidumping 
duties. 

In  addition,  this  notice  serves  as  the 
only  reminder  to  parties  subject  to 
administrative  protective  order  (APO)  of 
their  responsibility  concerning  the 
return  or  destruction  of  proprietary 
information  disclosed  under  APO  in 
accordance  with  19  CFR  353JJ5(d). 
Failure  to  comply  is  a  violation  of  the 
APO. 

This  administrative  review  and  notice 
are  in  accordance  with  section  751(a)(1) 
of  the  Tariff  Act  (19  U.S.C.  1675(a)(1)) 
and  19  CFR  353.22. 

Dated;  September  4. 1992. 

Alan  M.  Dunn, 

Assistant  Secretary  for  Import 
Administration. 

[FR  Doc.  92-22042  Filed  9-11-92;  8:45  am] 

BILLING  CODE  3510-OS-M 


IC-307-702] 

Certain  Electrical  Conductor  Aluminum 
Redraw  Rod  From  Venezuela;  Final 
Results  of  Countervailing  Duty 
Administrative  Review 

AGENCY:  International  Trade 
Administration/Import  Administration 
Department  of  Commerce. 
action:  Notice  of  final  results  of 
countervailing  duty  administrative 
review. 


SUMMARY:  On  May  28, 1992,  the 
Department  of  Commerce  published  the 
preliminary  results  of  its  administrative 
review  of  die  countervailing  duty  order 
on  certain  electrical  conductor 
aluminum  redraw  rod  from  Venezuela 
(57  FR  22459;  May  28, 1992).  We  have 
now  completed  that  review  and 
determine  that  there  are  no  known 


entries  during  the  period  January  1, 1990 
through  December  31, 1990.  However, 
because  of  a  program-wide  change,  we 
are  changing  the  rate  of  cash  deposit  of 
estimated  countervailing  duties  to  0.50 
percent  ad  valorem. 

EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 
Gayle  Longest  or  Kelly  Parkhill,  Office 
of  Countervailing  Compliance, 
International  Trade  Administration,  U.S. 
Department  of  Commerce,  Washington, 
DC  20230;  telephone:  (202)  377-2788. 
SUPPLEMENTARY  INFORMATION: 

Background 

On  May  28, 1992,  the  Department  of 
Commerce  (the  Department)  published 
in  the  Federal  Register  (57  FTR  22459)  the 
preliminary  results  of  its  administrative 
review  of  the  countervailing  duty  order 
on  certain  electrical  conductor 
aluminum  redraw  rod  from  Venezuela 
(53  FR  31904;  August  22, 1988).  The 
Department  has  now  completed  that 
administrative  review  in  accordance 
with  section  751  of  the  Tariff  Act  of 
1930,  as  amended  (the  Act). 

Scope  of  Review 

Imports  covered  by  this  review  are 
shipments  of  certain  electrical  conductor 
aluminum  redraw  rod  (EC  rod)  from 
Venezuela,  which  is  wrought  rod  of 
aluminum  electrically  conductive  and 
containing  not  less  than  99  percent  of 
aluminum  by  weight.  This  merchandise 
is  classifiable  under  item  numbers 
7604.10.3010,  7604.10.3050,  7604.29.3010, 
7604.29.3050,  7605.11.0030,  7605.11.0090, 
7605.19.0000,  7605.21.0030,  7605.21.0090 
and  7605.29.0000  of  the  Harmonized 
Tariff  Schedule  (HTS).  The  HTS  item 
numbers  are  provided  for  convenience 
and  Customs  purposes.  The  written 
description  remains  dispositive. 

The  review  covers  the  period  January 
1, 1990  through  December  31, 1990  and 
eight  programs. 

In  its  questionnaire  response,  the 
Government  of  Venezuela  reported  no 
shipments  of  the  subject  merchandise  to 
the  United  States  during  the  review 
period.  We  subsequently  confirmed  with 
the  United  States  Customs  Service  that 
there  w’ere  no  known  entries  of  this 
merchandise  during  the  review  period. 
Furthermore,  at  verification,  we  found 
no  evidence  of  shipments  of  subject 
merchandise  to  the  United  States  during 
the  review  period. 

Analysis  of  Comments  Received 

We  gave  interested  parties  an 
opportunity  to  comment  on  the 
preliminary  results.  We  received 
comments  from  SURAL,  C.A.,  a 


respondent  company,  and  the  petitioner. 
Southwire  Company. 

Comment  1:  Petitioner  argues  that  the 
elimination  of  the  Export  Bond  Program 
should  not  result  in  a  reduction  in  the 
cash  deposit  rate  because  the  aubsidy 
provided  by  that  program  has  been 
replaced  by  the  partial  duty  drawback 
program.  To  support  this  claim, 
petitioner  cites  several  publications 
which  state  that  the  partial  duty 
drawback  program  was  intended  to 
compensate  exporters  for  the  loss  of 
benefits  provided  by  the  Export  Bond 
Program.  Moreover,  since  the  partial 
duty  drawback  owed  is  a  fixed  amount 
that  can  be  calculated  based  on  the  FOB 
value  of  exports,  the  Department  need, 
not  wait  for  payments  to  be  made,  in 
order  to  determine  the  existence  and 
amount  of  benefits  under  the  program. 
Petitioner  claims  that  in  Final 
Affirmative  Countervailing  Duty 
Determination  and  Countervailing  Duty 
Order,  Certain  Steel  Wire  Nails  From 
New  Zealand,  (Steel  Wire  Nails  From 
New  Zealand),  (52  FR  37196;  October  5, 
1987)  the  Department  determined  that  a 
duty  can  be  assessed  for  a  subsidy  that 
has  not  yet  been  issued. 

Respondent  counters  that  there  is  no 
basis  for  petitioner’s  claim  that  the 
partial  duty  drawback  program  is  a 
replacement  for  the  export  bond 
program.  The  press  reports  upon  which 
tills  claim  is  based  are  not  meaningful 
evidence  to  determine  the  rationale  or 
nature  of  a  government  program. 
Furthermore,  the  partial  duty  drawback 
program  cannot  be  found 
countervailable  because  no  payments 
have  yet  been  made  under  this  program, 
and  it  is  uncertain  whether  any 
payments  will  be  made. 

Department’s  Position:  Although  we 
found  that  redraw  rod  producers  applied 
for  benefits  under  the  partial  duty 
drawback  program,  the  applications 
have  yet  to  be  processed.  Furthermore, 
no  payments  to  any  exporter  have  been 
made  to  date  under  this  program,  which 
was  established  over  one  year  ago.  This 
is  in  contrast  to  the  program  cited  by 
petitioner  in  Steel  Wire  Nails  From  New 
Zealand  under  which  the  companies 
investigated  were  actually  claiming  and 
receiving  income  tax  credits.  In  this 
case,  although  applications  have  been 
made,  no  drawback  certificates  have 
been  issued  by  the  Venezuelan 
government  through  the  Central  Bank. 
Until  this  partial  duty  drawback 
program  has  been  implemented  by  the 
Venezuelan  government,  it  is 
inappropriate  to  make  a  determination 
on  its  countervailability.  We  will 
examine  this  program  in  future  reviews 
and  make  a  determination  if  and  when 
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the  government  implements  the  program 
by  issuing  certificates. 

Comment  2:  Respondent  claims  that 
the  Government  of  Venezuela  does  not 
provide  preferential  pricing  of  primary 
aluminum  used  to  produce  export  goods. 
The  pricing  policy  for  primary  aluminum 
is  established  by  the  Corporation 
Venezolana  de  Guayana  (CVG)  and  is 
based  on  market  prices.  There  is  no 
difference  in  prices  of  primary  aluminum 
used  to  produce  domestic  or  export 
goods.  Therefore,  there  can  be  no 
benefit  from  this  program,  and  the 
Department  should  adjust  the  deposit 
rate  accordingly. 

Department's  Position:  We  disagree. 

In  the  first  administrative  review  of  this 
countervailing  duty  order,  the 
Department  rejected  identical  arguments 
raised  by  respondent  because,  in  Final 
Affirmalive  Countervailing  Duty 
Determination;  Certain  Electrical 
Conductor  Aluminum  Redraw  Rod  from 
Venezuela  (Final  Determination)  (53  FR 
24763;  June  30, 1988),  the  Department 
found  that  the  pricing  formula  reported 
in  the  questionnaire  response  was  not, 
in  fact,  used  to  determine  the  domestic 
price  of  primary  aluminum.  Moreover, 
the  Department  found  that  the  price  for 
primary  aluminum  incorporated  in 
export  products  included  certain 
discounts,  (see,  Certain  Electrical 
Conductor  Aluminum  Redraw  Rod  From 
Venezuela;  Final  Results  of 
Countervailing  Duty  Administrative 
Review,  (56  FR  14232;  April  8, 1991), 
Comment  2).  Since  there  were  no 
shipments  of  redraw  rod  to  the  United 
States  during  the  current  administrative 
review  period  as  in  the  prior  review 
period,  we  are  unable  to  confirm  on  the 
basis  of  a  revised  pricing  formula  that 
preferential  pricing  of  inputs  has  been 
eliminated.  Furthermore,  we  have  no 
basis  for  adjusting  the  cash  deposit  rate 
without  having  examined  the 
application  of  the  current  pricing 
formula. 

Comment  3:  Respondent  contends  that 
the  short-term  F1NEXPO  financing 
program  has  undergone  a  significant 
program-wide  change  that  the 
Department  should  recognize  in  this 
administrative  review.  As  of  November 
22, 1990,  the  FINEXPO  program  provides 
bolivar-denominated  loans  tied  to 
interest  rates  that  are  set  at  90  percent 
of  the  average  commercial  lending  rate 
charged  by  the  six  largest  Venezuelan 
banks.  Dollar-denominated  loans  are 
also  provided  on  terms  which  tie  the 
interest  rate  for  one-half  of  the  loan  to 
the  commercial  bank's  lending  rate  for 
international  transactions  and  the  other 
half  of  the  loan  to  the  six-month  LIBOR 
rate  plus  one  percent.  Furthermore,  the 


respondent  argues  that  no  Venezuelan 
producers  or  exporters  of  redraw  rod 
used  short-term  FINEXPO  financing 
during  the  review  period. 

Department's  Position:  We  agree  that 
there  were  program-wide  changes  in  the 
short-term  FlNEXPO  financing  program 
during  the  1990  review  period.  However, 
the  new  interest  rates  under  the  1990 
short-term  FINEXPO  financing  are  still 
preferential,  and  we  have  no  basis  to 
measure  the  change  in  the  benefit  from 
this  program.  Section  355.50  of  the 
Department's  proposed  regulations  (54 
FR  23366;  May  31, 1989)  states  that,  in 
order  to  take  into  account  a  program¬ 
wide  change  in  establishing  the 
estimated  countervailing  duty  cash 
deposit  rate,  a  change  needs  to  be 
measurable  as  well  as  program-wide. 
Furthermore,  since  there  were  no 
shipments  of  redraw  rod  to  the  United 
States  during  the  current  review  period, 
the  lack  of  use  of  this  program  during 
the  review  period  does  not  provide  a 
basis  for  assuming  that  it  would  not  be 
used  if  shipments  were  resumed. 

Comment  4:  Respondent  claims,  as  in 
prior  reviews,  that  official  changes  in 
aluminum  supplier  policies  require  a 
penalty  fee  for  any  late  payment. 
Furthermore,  since  the  Department  did 
not  ask  any  further  questions  on  this 
program  during  verification,  the 
Department  should  acknowledge  that 
this  program  has  been  completely 
terminated  and  adjust  the  cash  deposit 
rate  accordingly. 

Department’s  Position:  In  Certain 
Electrical  Conductor  Aluminum  Redraw 
Rod  From  Venezuela;  Final  Results  of 
Countervailing  Duty  Administrative 
Review  (56  FR  14232;  April  8, 1991, 
Comment  3),  we  addressed  a  similar 
comment.  Respondent  has  not  provided 
any  new  arguments  which  convince  us 
to  change  our  position.  Furthermore, 
since  there  was  no  shipments  of  redraw 
rod  to  the  United  States  during  the  1990 
review  period,  we  were  unable  to 
examine  and  determine  at  verification  if 
late  payment  fees  of  redraw  rod 
producers  on  shipments  of  the  subject 
merchandise  to  the  United  States  are 
consistent  with  commercial 
considerations  or  provide  a  benefit 
through  preferential  interest  rates. 

Final  Results  of  Review 

As  a  result  of  our  review,  we 
determine  that  there  are  no  known 
entries  of  the  subject  merchandise 
exported  to  the  United  States  from  the 
period  January  1, 1990  through 
December  31. 1990.  After  reviewing  all 
of  the  comments  received,  we 
recommend  changing  the  rate  of  cash 
deposit  of  estimated  countervailing 
duties  to  0.50  percent  ad  valorem. 


Because  of  a  program-wide  change  in 
the  benefit  from  the  Export  Bond 
Program,  the  Department  will  instruct 
the  Customs  Service  to  collect  a  cash 
deposit  of  estimated  countervailing 
duties  of  0.50  percent  of  the  f.o.b.  invoice 
price  on  all  shipments  of  this 
merchandise  entered,  or  withdrawn 
from  warehouse,  for  consumption  on  or 
after  the  date  of  publication  of  these 
final  results  of  administrative  review. 
This  deposit  requirement  shall  remain  in 
effect  until  publication  of  the  final 
results  of  the  next  administrative 
review. 

This  administrative  review  and  notice 
are  in  accordance  with  section  751(a)(1) 
of  the  Tariff  Act  (19  U.S.C.  1675(a)(1)) 
and  19  CFR  355.22. 

Dated:  September  2, 1992. 

Alan  M.  Dunn, 

Assistant  Secretary  for  Import 
Administration. 

(FR  Doc.  92-22041  Filed  9-11-92;  8:45  am) 
BILLING  CODE  3510-OS-M 


Export  Trade  Certificate  of  Review 

action:  Notice  of  Issuance  of  an  Export 
Trade  Certificate  of  Review,  Application 
No.  92-00008. 


summary:  The  Department  of 
Commerce  has  issued  an  Export  Trade 
Certificate  of  Review  to  the 
International  Exlm  Corporation  ("IEC"). 
This  notice  summarizes  the  conduct  for 
which  certification  has  been  granted. 

FOR  FURTHER  INFORMATION  CONTACT. 
George  Muller,  Director,  Office  of  Export 
Trading  Company  Affairs,  International 
Trade  Administration,  (202)  377-5131. 
This  is  not  a  toll-free  number. 
SUPPLEMENTARY  INFORMATION:  Title  III 
of  the  Export  Trading  Company  Act  of 
1982  (15  U.S.C.  4001-21)  authorizes  the 
Secretary  of  Commerce  to  issue  Export 
Trade  Certificates  of  Review.  The 
regulations  implementing  title  III  are 
found  at  15  CFR  part  325  (1991)  (50  FR 
1804,  January  11, 1985). 

The  Office  of  Export  Trading 
Company  Affairs  ("OETCA")  is  issuing 
this  notice  pursuant  to  15  CFR  325.6(b), 
which  requires  the  Department  of 
Commerce  to  publish  a  summary  of  a 
Certificate  in  the  Federal  Register. 

Under  section  305(a)  of  the  Act  and  15 
CFR  325.11(a),  any  person  aggrieved  by 
the  Secretary's  determination  may, 
within  30  days  of  the  date  of  this  notice, 
bring  an  action  in  any  appropriate 
district  court  of  the  United  States  to  set 
aside  the  determination  on  the  grounds 
that  the  determination  is  erroneous. 
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Description  of  Certified  Conduct 

Export  Trade 

1.  Products 

All  Products. 

2.  Services 

All  Services. 

Export  Markets 

The  Export  Markets  include  all  parts 
of  the  world  except  the  United  States 
(the  fifty  states  of  the  United  States,  the 
District  of  Columbia,  the 
Commonwealth  of  Puerto  Rico,  the 
Virgin  Islands,  American  Samoa.  Guam, 
the  Commonwealth  of  the  Northern 
Mariana  Islands,  and  the  Trust  Territory 
of  the  Pacific  Islands). 

Export  Trade  Activities  and  Methods  of 
Operation 

1.  With  respect  to  the  sale  of  Products 
and  Services.  IEC,  subject  to  the  terms 
and  conditions  listed  below,  may: 

a.  Export  specific  Products  and/or 
Services  in  response  to  specific  orders 
from  Suppliers; 

b.  Enter  into  exclusive  distributorship 
agreements  with  Suppliers  for  the  export 
of  Products  and  Services  to  the  Export 
Markets;  and 

c.  Enter  into  exclusive  agreements  to 
grant  distributorships  to  foreign  entities 
and  oblige  such  entities  not  to  deal  in 
goods  competing  with  those  supplied  by 
IEC. 

2.  IEC  and  individual  Suppliers  may 
regularly  exchange  information  on  a 
one-on-one  basis  regarding  that 
Supplier’s  inventories  and  near-term 
production  schedules  in  order  that  the 
availability  of  Products  for  export  can 
be  determined  and  effectively 
coordinated  by  IEC  with  its  distributors 
in  Export  Markets. 

Terms  and  Conditions  of  Certificate 

1.  In  engaging  in  Export  Trade 
Activities  and  Methods  of  Operation, 

IEC  will  not  intentionally  disclose, 
directly  or  indirectly,  to  any  Supplier 
any  information  about  any  other 
Supplier's  costs,  production,  capacity, 
inventories,  domestic  prices,  domestic 
sales,  or  U.S.  business  plans,  strategies, 
or  methods  that  is  not  already  generally 
available  to  the  trade  or  public. 

2.  EIC  will  comply  with  requests  made 
by  the  Secretary  of  Commerce  on  behalf 
of  the  Secretary  of  Commerce  or  the 
Attorney  General  for  information  or 
documents  relevant  to  conduct  under 
the  Certificate.  The  Secretary  of 
Commerce  will  request  such  information 
or  documents  when  either  the  Attorney 
General  or  the  Secretary  of  Commerce 
believes  that  the  information  or 
documents  are  required  to  determine 
whether  the  Export  Trade,  Export  Trade 


Activities,  and  Methods  of  Operation  of 
a  person  protected  by  this  Certificate 
continue  to  comply  with  the  standards 
of  Section  303(a)  of  the  Act. 

Definition 

“Supplier"  means  a  person  who 
produces,  provides,  or  sells  a  Product  or 
Service. 

A  copy  of  this  certificate  will  be  kept 
in  the  International  Trade 
Administration’s  Freedom  of 
Information  Records  Inspection  Facility, 
room  4102,  U.S.  Department  of 
Commerce,  14th  Street  and  Constitution 
Avenue,  NW.,  Washington,  DC  20230. 

Dated:  September  8, 1992. 

George  Muller, 

Director,  Office  of  Export  Trading  Company 
Affairs. 

[FR  Doc.  92-22137  Filed  9-11-92;  8:45  am] 

BILUNQ  CODE  3510-DR-M 

Export  Trade  Certificate  of  Review 

ACTION:  Notice  of  Issuance  of  an 
Amended  Export  Trade  Certificate  of 
Review,  Application  No.  92-A0001. 

SUMMARY:  The  Department  of 
Commerce  has  issued  an  amendment  to 
the  Export  Trade  Certificate  of  Review 
granted  to  the  Aerospace  Industries 
Association  of  America,  Inc.  (“AIA")  on 
September  8,  1992.  Notice  of  issuance  of 
the  Certificate  was  published  in  the 
Federal  Register  on  April  17, 1992  (57  FR 
13707). 

FOR  FURTHER  INFORMATION  CONTACT: 

George  Muller,  Director,  Office  of  Export 
Trading  Company  Affairs,  International 
Trade  Administration,  (202)  377-5131. 
This  is  not  a  toll-free  number. 

SUPPLEMENTARY  INFORMATION:  Title  III 
of  the  Export  Trading  Company  Act  of 
1982  (15  U.S.C.  4001-21)  authorizes  the 
Secretary  of  Commerce  to  issue  Export 
Trade  Certificates  of  Review.  The 
regulations  implementing  title  III  are 
found  at  15  CFR  part  325  (1990)  (50  FR 
1804,  January  11, 1985). 

The  Office  of  Export  Trading 
Company  Affairs  is  issuing  this  notice 
pursuant  to  15  CFR  325.8(b),  which 
requires  the  Department  of  Commerce  to 
publish  a  summary  of  a  Certificate  in  the 
Federal  Register.  Under  section  305(a)  of 
the  Act  and  15  CFR  325.11(a),  any 
person  aggrieved  by  the  Secretary’s 
determination  may.  within  30  days  of 
the  date  of  this  notice,  bring  an  action  in 
any  appropriate  district  court  of  the 
United  States  to  set  aside  the 
determination  on  the  ground  that  the 
determination  is  erroneous. 


Description  of  Amended  Certificate 

AIA’s  Export  Trade  Certificate  of 
Review  has  been  amended  to  add  the 
Sundstrand  Corporation  of  Rockford, 
Illinois  as  a  "Member”  within  the 
meaning  of  §  325.2(1)  of  the  Regulations 
(15  CFR  325.2(1)). 

A  copy  of  the  amended  Certificate 
will  be  kept  in  the  International  Trade 
Administration’s  Freedom  of 
Information  Records  Inspection  Facility, 
room  4102,  U.S.  Department  of 
Commerce,  14th  Street  and  Constitution 
Avenue,  NW.,  Washington,  DC  20230. 

Dated:  September  8. 1992. 

George  Muller, 

Director,  Office  of  Export  Trading  Company 
Affairs. 

(FR  Doc.  92-22138  Filed  9-11-92;  8:45  am] 
B4LUNQ  CODE  3510-Ofl-M 

Open  Meeting 

AGENCY:  International  Trade 
Administration,  Commerce. 

ACTION:  Notice  of  first  meeting  of  the 
Latin  America /Caribbean  Business 
Promotion  Council. 

SUMMARY:  The  Caribbean  Basin 
Business  Promotion  Council  was  re¬ 
established  on  May  3, 1991,  and 
renamed  the  Latin  America /Caribbean 
Business  Promotion  Council.  The 
Council  was  re-established  to  advise  the 
Secretary  of  Commerce  and  the  Agency 
for  International  Development 
Administrator  on  matters  pertinen  to 
the  implementation  of  the  Caribbean 
Business  Initiative  (CBI),  the  Andean 
Trade  Initiative  (ATI),  and  the 
Enterprise  for  the  Americas. 

Time  and  Place:  October  6, 1992  from 
10  a.m.  to  4:30  p.m.  The  meeting  will 
take  place  at  the  Main  Commerce 
Building,  Room  6808, 14th  Street  and 
Constitution  Avenue  NW.,  Washington. 
DC  20230. 

Agenda: 

1.  Introductory  presentations  and 
administrative  matters. 

2.  Briefings  on  CBI,  ATI,  Enterprise  for 
the  Americas  and  the  North  America 
Free  Trade  Agreement. 

3.  Discussion  and  formulation  of  Council 
work  plan. 

4.  Other  matters  as  appropriate. 

Public  Participation:  The  meeting  will 

be  open  to  public  participation  and  the 
last  thirty  minutes  will  be  set  aside  for 
oral  comments  and  questions. 
Approximately  fifteen  seats  will  be 
available  for  the  public.  Seats  will  be 
available  on  a  first  come  first-served 
basis.  Please  notify  Margaret  Almazan 
at  202/377-0841  of  your  intent  to  attend. 
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FOR  FURTHER  INFORMATION  CONTACT: 

Margaret  Almazan,  Latin  America/ 
Caribbean  Business  Development 
Center,  Main  Commerce  Building,  Room 
1235,  Washington,  DC  20230. 

Dated:  September  4, 1992. 

Walter  M.  Bastian, 

Director,  Latin  America/Caribbean  Business 
Development  Center. 

[FR  Doc.  92-22130  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  3510-0 A-M 


National  Oceanic  and  Atmospheric 
Administration 

Progress  on  Emergency  Striped  Bass 
Research  Study 

AGENCY:  National  Marine  Fisheries 
Service  (NMFS),  NOAA,  Commerce. 
action:  Notice  of  public  meeting. 

summary:  NMFS  and  the  U.S.  Fish  and 
Wildlife  Service  will  hold  a  joint 
meeting  to  discuss  progress  on  the 
Emergency  Striped  Bass  Research  Study 
as  authorized  by  the  amended 
Anadromous  Fish  Conservation  Act. 
DATES:  The  meeting  will  convene  on 
Thursday,  November  5, 1992,  at  10  a.m., 
and  will  adjourn  at  approximately  2  p.m. 
The  meeting  is  open  to  the  public. 
ADDRESSES:  Room  200,  U.S.  Fish  and 
Wildlife  Service,  4401  North  Fairfax 
Drive,  Arlington,  Virginia. 

FOR  FURTHER  INFORMATION  CONTACT: 
David  G.  Deuel,  Office  of  Fisheries 
Conservation  and  Management,  NMFS, 
1335  East-West  Highway,  Silver  Spring, 
MD  20910.  Telephone:  (301)  713-2347. 
Authority:  Pub.  L.  90-118. 

Dated:  September  4, 1992. 

David  S.  Crestin, 

Acting  Director.  Office  of  Fisheries 
Conservation  and  Management,  National 
Marine  Fisheries  Service. 

(FR  Doc.  92-22003  Filed  9-11-92;  8:45  am] 

BILLING  CODE  3S10-22-M 


Mid-Atlantic  Fishery  Management 
Council  Meeting;  Correction 

Correction  Regarding  Date  for  Public  Meeting 
of  the  Demersal  Species  Committee  (DSC) 
and  the  Summer  Flounder  Industry  Advisors 
Subcommittee  (SF1AS)  and  Public  Meeting  of 
the  Surf  Clam  and  Ocean  Quahog  Advisory 
Subcommittee 

AGENCY:  National  Marine  Fisheries 
Service,  NOAA,  Commerce. 

The  date  for  public  meetings  of  the 
Mid-Atlantic  Fishery  Management 
Council’s  (Council's)  DSC  and  the 
Council’s  SFIAS,  originally  published  in 
the  Federal  Register  at  57  FR  39670  on 
September  1, 1992,  is  corrected  as  noted 
below.  The  Council’s  Surf  Clam  and 


Ocean  Quahog  Industry  Advisory 
Subcommittee  will  also  convene  a 
separate  public  meeting  on  September 
14, 1992.  All  other  information  published 
on  September  1, 1992,  remains 
unchanged. 

Public  meeting  date  of  the  DSC  and 
SFIAS  as  published  at  57  FR  39670: 
September  16-17, 1992. 

Corrected  meeting  date:  September 
15, 1992  (at  10  a.m.). 

Public  meeting  of  the  Surf  Clam  and 
Ocean  Quahog  Industry  Advisory 
Subcommittee:  Convene  September  14, 
1992,  at  10  a.m.,  at  the  Freer  Federal 
Building,  second  floor  conference  room, 
300  South  New  Street,  Dover,  DE,  to 
review  the  proposed  penalty  schedule. 

For  more  information,  contact  John  C. 
Bryson,  Executive  Director,  Mid-Atlantic 
Fishery  Management  Council,  room 
2115,  Federal  Building,  300  South  New 
Street,  Dover,  DE  19901;  telephone:  (302) 
674-2331. 

Dated:  September  9, 1992. 

Joe  P.  Clem, 

Acting  Director,  Office  of  Fisheries 
Conservation  and  Management,  National 
Marine  Fisheries  Service. 

[FR  Doc.  92-22180  Filed  9-10-92;  8:45  am] 

BILLING  CODE  3510-22-M 


Endangered  Species;  Permits 

agency:  National  Marine  Fisheries 
Service  (NMFS),  NOAA,  Commerce. 
action:  Notice  of  receipt  of  application 
for  scientific  research/enhancement 
permit  (P211C). 

Notice  is  hereby  given  that  the  Oregon 
Department  of  Fish  &  Wildlife,  2501 
Southwest  First  Avenue,  Portland,  OR 
97207,  has  applied  in  due  form  for  a 
Permit  to  take  an  endangered  species  as 
authorized  by  the  Endangered  Species 
Act  of  1973  (16  U.S.C.  1531-1543)  and  the 
regulations  governing  endangered  fish 
and  wildlife  permits  (50  CFR  part  217- 
222). 

This  application  was  received  prior  to 
the  regulatory  deadline  of  May  22, 1992 
(50  CFR  part  227),  and  has  thus  been 
subject  to  the  regulatory  exemption 
which  allows  for  the  continuation  of 
scientific  research/enhancement 
activities  as  requested  in  the 
applications  until  NMFS  has  had 
adequate  time  in  which  to  review  the 
applications  and  to  determine  their 
sufficiency,  or  until  issuance  or  denial  of 
a  permit,  or  until  December  31, 1992, 
whichever  comes  first.  This  application 
has  now  been  determined  to  contain 
enough  information  for  complete  review, 
and  thus  a  public  comment  period  will 
be  opened  to  determine  whether  this 
work,  as  requested  in  the  application, 
should  continue. 


The  applicant  seeks  authorization  to 
conduct  six  research/enhancement 
projects  on  listed  Snake  River  spring/ 
summer  chinook  salmon  [Oncorhynchus 
tshawytscha),  as  follows: 

(1)  Sacrifice  up  to  600  juveniles  for  the 
purpose  of  gene  resource  monitoring  (2) 
inadvertently  harass  up  to  500  adults 
while  conducting  spawning  ground 
surveys  (redd  counts)  (3)  capture,  PIT 
tag  and  release  up  to  6000  juveniles  for 
smolt  migration  studies  (4)  capture, 
examine  for  species  identification  and 
size  class  estimation,  and  release,  up  to 
1000  juveniles  for  stream  fish  inventory 
and  habitat  surveys  (5)  trap  and  hold  up 
to  5000  juveniles  at  irrigation  streams 
and  release  them  into  the  main  body  of 
water  or  transfer  them  downstream,  in 
order  to  prevent  them  from  entering 
irrigation  ditches  which  eventually  take 
these  fish  to  their  death  in  irrigated 
fields  or  pump  impellers  (6)  potential 
harassment  of  up  to  6000  adults  during 
studies  to  monitor  their  movements  with 
video  equipment  as  they  pass  through 
electronic  tunnels  built  into  several 
dams  along  their  migrational  path. 

Written  data  or  views,  or  requests  for 
a  public  hearing  on  this  application 
should  be  submitted  to  the  Assistant 
Administrator  for  Fisheries,  National 
Marine  Fisheries  Service,  U.S. 
Department  of  Commerce,  1335  East- 
West  Hwy.,  room  7324,  Silver  Spring, 

MD  20910,  within  30  days  of  the 
publication  of  this  notice.  Those 
individuals  requesting  a  hearing  should 
set  forth  the  specific  reasons  why  a 
hearing  on  this  particular  application 
would  be  appropriate.  The  holding  of 
such  hearing  is  at  the  discretion  of  the 
Assistant  Administrator  for  Fisheries. 

All  statements  and  opinions  contained 
in  this  application  are  summaries  of 
those  of  the  Applicant  and  do  not 
necessarily  reflect  the  views  of  the 
National  Marine  Fisheries  Service. 

Documents  submitted  in  connection 
with  the  above  application  are  available 
for  review  by  interested  persons  in  the 
following  offices  by  appointment: 

Office  of  Protected  Resources, 
National  Marine  Fisheries  Service,  1335 
East-West  Hwy.,  Suite  7324,  Silver 
Spring,  MD  20910  (301/713-2289);  and 

Environmental  and  Technical  Services 
Division,  National  Marine  Fisheries 
Service,  911  North  East  11th  Ave.,  Room 
620,  Portland,  OR  97232  (503/230-5400). 

Dated:  September  8, 1992. 

Nancy  Foster, 

Director,  Office  of  Protected  Resources, 
National  Marine  Fisheries  Service. 

(FR  Doc.  92-22008  Filed  9-11-92;  8:45  am] 
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Endangered  Species;  Permits 

AGENCY:  National  Marine  Fisheries 
Service  (NMFS),  NOAA,  Commerce. 
ACTION:  Notice  of  receipt  of  application 
for  scientific  research  permit  (P498). 

Notice  is  hereby  given  that  Dr.  David 
Bennett,  The  Idaho  Cooperative  Fish  & 
Wildlife  Research  Unit,  University  of 
Idaho,  Moscow,  Idaho,  83843,  has 
applied  in  due  form  for  a  Permit  to  take 
endangered  species  as  authorized  by  the 
Endangered  Species  Act  of  1973  (16 
U.S.C.  1531-1543)  and  the  National 
Marine  Fisheries  Service  regulations 
governing  endangered  fish  and  wildlife 
permits  (50  CFR  part  217-222). 

This  application  was  received  prior  to 
the  regulatory  deadline  of  May  22, 1992 
(50  CFR  part  227),  and  has  thus  been 
subject  to  the  regulatory  exemption 
which  allows  for  the  continuation  of 
scientific  research/enhancement 
activities  as  requested  in  the 
applications  until  NMFS  has  had 
adequate  time  in  which  to  review  the 
applications  and  to  determine  their 
sufficiency,  or  until  issuance  or  denial  of 
a  permit,  or  until  December  31, 1992, 
whichever  comes  first.  This  application 
has  now  been  determined  to  contain 
enough  information  for  complete  review, 
and  thus  a  public  comment  period  will 
be  opened  to  determine  whether  this 
work,  as  requested  in  the  application, 
should  continue. 

The  applicant  seeks  authorization  to 
conduct  a  study  of  abundance  and 
habitat  parameters  of  listed  wild  Snake 
River  fall  chinook  salmon 
[Oncorhynchus  tshawytscha ).  This  work 
would  entail  the  incidental  capture  of 
listed  wild  Snake  River  spring/summer 
chinook  salmon  [O.  tshawytscha )  and 
listed  wild  Snake  River  sockeye  salmon 
[O.  nerka),  as  follows: 

The  applicant  proposes  to  capture 
each  year  over  a  five-year  period,  up  to 
750  fall  and  125  spring/summer  chinook 
salmon  smolts  and  50  sockeye  salmon 
smolts  in  Lower  Granite  Reservoir, 
where  they  will  be  measured,  PIT  tagged 
and  released  near  the  collection  site.  Up 
to  15  adult  listed  spring/summer  and  5 
adult  listed  fall  chinook  salmon  may 
also  be  taken  incidental  to  the  above 
captures.  Additionally,  up  to  500  fall  and 
30  spring/summer  chinook  salmon 
smolts,  and  up  to  15  sockeye  salmon 
smolts  would  be  captured,  measured, 

PIT  tagged  and  released  in  Little  Goose, 
Lower  Monumental  and  Ice  Harbor 
reservoirs  each  year.  Finally,  the 
applicant  proposes  to  obtain  stomach 
samples  by  lavage  from  up  to  150  of  the 
above  fall  chinook  salmon  smolts  each 
year. 

Written  data  or  views,  or  requests  for 
a  public  hearing  on  this  application 


should  be  submitted  to  the  Assistant 
Administrator  for  Fisheries,  National 
Marine  Fisheries  Service,  U.S. 
Department  of  Commerce,  1335  East- 
West  Highway,  room  7324,  Silver  Spring, 
MD  20910,  within  30  days  of  the 
publication  of  this  notice.  Those 
individuals  requesting  a  hearing  should 
set  forth  the  specific  reasons  why  a 
hearing  on  this  particular  application 
would  be  appropriate.  The  holding  of 
such  hearing  is  at  the  discretion  of  the 
Assistant  Administrator  for  Fisheries. 
All  statements  and  opinions  contained 
in  this  application  are  summaries  of 
those  of  the  Applicant  and  do  not 
necessarily  reflect  the  views  of  the 
National  Marine  Fisheries  Service. 

Documents  submitted  in  connection 
with  the  above  application  are  available 
for  review  by  interested  persons  in  the 
following  offices  by  appointment: 

Office  of  Protected  Resources,  National 
Marine  Fisheries  Service,  1335  East- 
West  Highway,  suite  7324,  Silver 
Spring,  MD  20910  (301/713-2289):  and 
Environmental  and  Technical  Services 
Division,  National  Marine  Fisheries 
Service,  911  North  East  11th  Ave., 
room  620,  Portland,  OR  97232  (503/ 
230-5400). 

Dated:  September  8, 1992. 

Nancy  Foster, 

Director,  Office  of  Protected  Resources, 
National  Marine  Fisheries  Service. 

[FR  Doc.  92-22069  Filed  9-11-92;  8:45  am) 

BILUNG  CODE  3S10-22-M 


Endangered  Species;  Permits 

AGENCY:  National  Marine  Fisheries 
Service  (NMFS),  NOAA,  Commerce. 
ACTION:  Receipt  of  Application  for 
Permit  (P45K). 

Notice  is  hereby  given  that  the  NMFS 
Northwest  Fisheries  Science  Center, 

2725  Montlake  Boulevard  East,  Seattle, 
WA  98112-2097,  has  applied  in  due  form 
for  a  Permit  to  take  endangered  species 
for  scientific  research /enhancement 
purposes  as  authorized  by  the 
Endangered  Species  Act  of  1973  (16 
U.S.C.  1531-1543)  and  the  National 
Marine  Fisheries  Service  regulations 
governing  endangered  fish  and  wildlife 
permits  (50  CFR  Part  217-222). 

This  application  was  received  prior  to 
the  regulatory  deadline  of  May  22, 1992 
(50  CFR  part  227),  and  has  thus  been 
subject  to  the  regulatory  exemption 
which  allows  for  the  continuation  of 
scientific  research/enhancement 
activities  as  requested  in  the 
applications  until  NMFS  has  had 
adequate  time  in  which  to  review  the 
applications  and  to  determine  their 
sufficiency,  or  until  issuance  or  denial  of 


a  permit,  or  until  December  31, 1992, 
whichever  comes  first.  This  application 
has  now  been  determined  to  contain 
enough  information  for  complete  review, 
and  thus  a  public  comment  period  will 
be  opened  to  determine  whether  this 
work,  as  requested  in  the  application, 
should  continue. 

The  applicant  proposes  to  conduct  the 
following  activities  on  listed  Snake 
River  fall  chinook  salmon,  as  part  of  a 
spawning  and  rearing  study:  capture 
and  release  up  to  64  juveniles,  capture, 
PIT  tag  and  release  up  to  540  fry,  and 
capture,  PIT  tag  and  release  up  to  1365 
juveniles.  The  applicant  also  requests 
authorization  for  the  lethal  taking  of  up 
to  66  juvenile  listed  Snake  River  spring/ 
summer  chinook  salmon  annually,  over 
a  five-year  period,  for  smoltification  and 
bacterial  kidney  disease  (BKD)  studies. 

Written  data  or  views,  or  requests  for 
a  public  hearing  on  this  application 
should  be  submitted  to  the  Assistant 
Administrator  for  Fisheries,  National 
Marine  Fisheries  Service,  U.S. 
Department  of  Commerce,  1335  East- 
West  Hwy.,  room  7324,  Silver  Spring, 

MD  20910,  within  30  days  of  the 
publication  of  this  notice.  Those 
individuals  requesting  a  hearing  should 
set  forth  the  specific  reasons  why  a 
hearing  on  this  particular  application 
would  be  appropriate.  The  holding  of 
such  hearing  is  at  the  discretion  of  the 
Assistant  Administrator  for  Fisheries. 
All  statements  and  opinions  contained 
in  this  application  are  summaries  of 
those  of  the  Applicant  and  do  not 
necessarily  reflect  the  views  of  the 
National  Marine  Fisheries  Service. 

Documents  submitted  in  connection 
with  the  above  application  are  available 
for  review  by  interested  persons  in  the 
following  offices  by  appointment: 

Office  of  Protected  Resources,  National 
Marine  Fisheries  Service,  1335  East- 
West  Hwy.,  suite  7324,  Silver  Spring, 
MD  20910  (301/713-2289):  and 
Environmental  and  Technical  Services 
Division,  National  Marine  Fisheries 
Service,  911  North  East  11th  Ave., 
Room  620,  Portland,  OR  97232  (503/ 
230-5400). 

September  8, 1992. 

Nancy  Foster, 

Director,  Office  of  Protected  Resources, 
National  Marine  Fisheries  Service. 

[FR  Doc.  92-22070  Filed  9-11-92;  8:45  amj 
BILUNG  CODE  3510-22-M 


Endangered  Species;  Permits 

agency:  National  Marine  Fisheries 
Service  (NMFS),  NOAA,  Commerce 
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action:  Receipt  of  Application  for 
Permit  (P77#60). 

Notice  is  hereby  given  that  the  NMFS 
Northwest  Fisheries  Science  Center, 

2725  Montlake  Boulevard  East,  Seattle, 
WA  98112-2097,  has  applied  in  due  form 
for  a  Permit  to  take  endangered  species 
for  scientific  research/enhancement 
purposes  as  authorized  by  the 
Endangered  Species  Act  of  1973  (16 
U.S.C.  1531-1543)  and  the  National 
Marine  Fisheries  Service  regulations 
governing  endangered  fish  and  wildlife 
permits  (50  CFR  parts  217-222). 

This  application  was  received  prior  to 
the  regulatory  deadline  of  May  22, 1992 
(50  CFR  part  227),  and  has  thus  been 
subject  to  the  regulatory  exemption 
which  allows  for  the  continuation  of 
scientific  research/enhancement 
activities  as  requested  in  the 
applications  until  NMFS  has  had 
adequate  time  in  which  to  review  the 
applications  and  to  determine  their 
sufficiency,  or  until  issuance  or  denial  of 
a  permit,  or  until  December  31, 1992, 
whichever  comes  first.  This  application 
has  now  been  determined  to  contain 
enough  information  for  complete  review, 
and  thus  a  public  comment  period  will 
be  opened  to  determine  whether  this 
work,  as  requested  in  the  application, 
should  continue. 

The  applicant  currently  holds  half  of 
the  progeny  of  the  listed  wild  Snake 
River  sockeye  salmon  ( Onchorhynchus 
nerka )  that  were  bred  by  Idaho 
Department  of  Fish  and  Game  (IDFG) 
personnel  at  Eagle  Hatchery  in  1991.  It  is 
requested  that  these  progeny  be 
maintained  and  tagged  with  coded-wire 
tags,  PIT  tags  and/or  freeze  bands  for 
identification  of  family  for  outcrossing 
purposes.  In  future  years,  up  to  3,000 
eggs  per  year,  or  one  half  the  spawn,  of 
returning  Redfish  Lake  sockeye  salmon 
(captured  by  IDFG  under  a  separate 
Permit)  may  be  transferred  to  NMFS  and 
handled  in  the  same  manner.  The 
applicant  proposes  to  rear  these  fish  to 
maturity  and  subsequently  return  spawn 
from  this  broodstock  to  Idaho  to 
complement  recovery  efforts  at  Redfish 
Lake. 

The  applicant  also  requests  to  perform 
pathological  examinations  on  any  fish 
that  die  prior  to  spawning,  in  order  to 
establish  cause  of  death,  and  on  up  to 
100  of  the  adults  resulting  from  the 
captive  broodstock,  after  spawning,  in 
order  to  determine  the  disease  status  of 
their  offspring. 

Written  data  or  views,  or  requests  for 
a  public  hearing  on  this  application 
should  be  submitted  to  the  Assistant 
Administrator  for  Fisheries,  National 
Marine  Fisheries  Service,  U.S. 
Department  of  Commerce.  135  East- 


West  Hwy.,  room  7324,  Silver  Spring, 

MD  20910,  within  30  days  of  the 
publication  of  this  notice.  Those 
individuals  requesting  a  hearing  should 
set  forth  the  specific  reasons  why  a 
hearing  on  this  particular  application 
would  be  appropriate.  The  holding  of 
such  hearing  is  at  the  discretion  of  the 
Assistant  Administrator  for  Fisheries. 

All  statements  and  opinions  contained 
in  this  application  are  summaries  of 
those  of  the  Applicant  and  do  not 
necessarily  reflect  the  views  of  the 
National  Marine  Fisheries  Service. 

Documents  submitted  in  connection 
with  the  above  application  are  available 
for  review  by  interested  persons  in  the 
following  offices  by  appointment: 

Office  of  Protected  Resources,  National 
Marine  Fisheries  Service,  135  East- 
West  Hwy.,  suite  7324,  Silver  Spring, 
MD  20910  (301/713-2289);  and 
Environmental  and  Technical  Services 
Division,  National  Marine  Fisheries 
Service,  911  North  East  11th  Ave., 
room  620,  Portland,  OR  97232  (503/ 
230-5400). 

Dated:  September  8, 1992. 

Nancy  Foster, 

Director,  Office  of  Protected  Resources, 
National  Marine  Fisheries  Service. 

(FR  Doc.  92-22072  Filed  9-11-92;  8:45  am) 

BILLING  CODE  3510-22-M 

Marine  Mammals 

AGENCY:  National  Marine  Fisheries 
Service,  NOAA,  Commerce. 

ACTION:  Receipt  of  Application  for 
Permit  (P420C). 

SUMMARY:  Notice  is  hereby  given  that 
Drs.  J.  Ward  Testa  and  Michael  A. 
Castellini,  Institute  of  Marine  Science, 
University  of  Alaska,  Fairbanks,  AK 
99775-1080,  have  applied  in  due  form  for 
a  Permit  to  take  marine  mammals  as 
authorized  by  the  Marine  Mammal 
Protection  Act  of  1972  (16  U.S.C.  1361- 
1407),  and  the  Regulations  Governing 
the  Taking  and  Importing  of  Marine 
Mammals  (50  CFR  part  216). 

The  research  activities  involve  tag/ 
release  and  take  by  harassment.  The 
applicants  request  permission  to:  Tag 
with  plastic  cattle  ear  tags,  TDRs  and 
VHF  transmitters,  and  satellite 
transmitters,  implant  a  transponder  tag 
subcutaneously  just  anterior  to  the  tail; 
conduct  physiological  activities  (i.e., 
collect  blood  samples,  weigh  animals, 
etc.);  mark  with  bleach,  and  release  up 
to  1200  Weddell  seals  [Leptonychotes 
weddellii);  incidentally  harass  up  to 
2000  Weddell  seals;  and  capture,  tag 
with  plastic  cattle  ear  tags  and  release 
30  each  of  crabeater  seal  ( Lobodon 


carcinophagus ),  leopard  seal  ( Hydrurga 
leptonyx),  Ross  seal  ( Ommatophoca 
rossii],  southern  elephant  seal 
[Mirounga  leonina),  and  Antarctic  fur 
seal  ( Arctocephalus  gazella).  Blood 
samples  and  the  salvage  and  import  of 
any  parts  from  natural  fatalities  of  the 
six  (6)  species  will  be  imported. 

ADDRESS:  Written  data  or  views,  or 
requests  for  a  public  hearing  on  this 
application  should  be  submitted  to  the 
Assistant  Administrator  for  Fisheries, 
National  Marine  Fisheries  Service,  U.S. 
Department  of  Commerce,  1335  East- 
West  Hwy.,  room  7234,  Silver  Spring, 
Maryland  20910,  within  30  days  of  the 
publication  of  this  notice. 

Those  individuals  requesting  a 
hearing  should  set  forth  the  specific 
reasons  why  a  hearing  on  this  particular 
application  would  be  appropriate.  The 
holding  of  such  hearing  is  at  the 
discretion  of  the  Assistant 
Administrator  for  Fisheries.  All 
statements  and  opinions  contained  in 
this  application  are  summaries  of  those 
of  the  Applicant  and  do  not  necessarily 
reflect  the  views  of  the  National  Marine 
Fisheries  Service. 

Documents  submitted  in  connection 
with  the  above  application  are  available 
for  review,  by  appointment,  in  the: 
Permits  Division,  Office  of  Protected 
Resources,  National  Marine  Fisheries 
Service,  NOAA,  1335  East-West  Hwy., 
suite  7324,  Silver  Spring,  Maryland 
20910  (301/713-2289); 

Director,  Alaska  Region,  National 
Marine  Fisheries  Service,  NOAA, 
Federal  Annex,  9109  Mendenhall  Mall 
Road,  suite  8,  Juneau,  AK  99802  (907/ 
586-7221);  and 

Director,  National  Marine  Mammal 
Laboratory,  National  Marine  Fisheries 
Service,  NOAA,  7600  Sand  Point  Way, 
NE  BIN  C15700,  Seattle,  WA  98115 
(206/526-4020). 

Dated:  September  4, 1992. 

David  S.  Crestin, 

Acting  Director,  Office  of  Fisheries 
Conservation  and  Management,  National 
Marine  Fisheries  Service. 

[FR  Doc.  92-22071  Filed  9-11-92;  8:45  am) 
BILUNG  CODE  S610-22-M 

National  Telecommunications  and 
Information  Administration 

National  Endowment  for  Children’s 
Educational  Television,  Advisory 
Council  on  Children’s  Educational 
Television;  Open  Meeting 

agency:  National  Telecommunications 
and  Information  Administration  (NTIA), 
Commerce. 
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action:  Notice  is  hereby  given  of  the 
first  meeting  of  the  Advisory  Council  on 
Children’s  Educational  Television, 
created  pursuant  to  the  National 
Endowment  for  Children's  Television 
Act  of  1990. 

summary:  Congress  established  the 
National  Endowment  for  Children’s 
Educational  Television  under  the 
direction  of  the  Secretary  of  Commerce. 
Authority  to  administer  this  program  is 
further  delegated  to  the  National 
Telecommunications  and  Information 
Administration.  Congress  mandated 
creation  of  the  Advisory  Council  to 
advise  on  the  making  of  contracts  and 
grants  to  aid  creation  and  production  of 
television  programming  specifically 
directed  toward  the  development  of 
fundamental  intellectual  skills. 

Authority:  Public  Law  101-437, 104  Stat. 

997,  approved  October  18, 1990,  codified  at  47 
U.S.C.  394. 

DATES:  The  meeting  will  be  held  on 
Tuesday,  September  29, 1992,  from  9:30 
ajn.  to  4:30  p.m. 

addresses:  The  meeting  will  take  place 
in  room  4830  of  the  Herbert  C.  Hoover 
Commerce  Building,  14th  Street  and 
Constitution  Avenue  NW.,  Washington, 
DC  20230. 

FOR  FURTHER  INFORMATION  CONTACT. 

Dr.  Heather  Bimie;  Acting  Director, 
National  Endowment  for  Children’s 
Educational  Television  (NECET); 
National  Telecommunications  and 
Information  Administration  (NTIA);  U.S. 
Department  of  Commerce,  room  4625; 
14th  Street  and  Constitution  Avenue 
NW.;  Washington,  DC  20230.  Telephone: 
202/377-5802. 

SUPPLEMENTARY  INFORMATION:  The 

Council  was  chartered  on  September  13, 
1991  pursuant  to  47  U.S.C.  394  to  advise 
the  Secretary  of  Commerce  on  matters 
related  to  the  making  of  contracts  and 
grants  that  would  enhance  the  education 
of  children  through  the  creation  and 
production  of  television  programming 
specifically  directed  toward  the 
development  of  fundamental  intellectual 
skills. 

Agenda 

1.  Opening  Introductions  and  Remarks 

by  participants  from  the  National 
Telecommunications  and 
Information  Administration,  and  the 
National  Endowment  for  Children’s 
Educational  Television 

2.  Review  of  the  Role  of  the  Advisory 

Council  on  Children’s  Educational 
Television  to  advise  on  the  making 
of  contracts  and  grants  to  aid  the 
creation  and  production  of 
children’s  educational  programming 


3.  Discussion  and  Recommendations  on 

Issues 

a.  Role  of  the  Endowment  and  the 
extent  of  its  involvement  in 
children's  television  research 

b.  Types  of  projects,  such  as  research, 
scripting  and  production  of 
programs  to  consider  for  funding 

c.  Number  of  possible  projects  that  the 
Endowment  could  consider  for 
funding 

d.  Age  groups  that  may  be  considered 
most  underserved  by  children’s 
television 

e.  Subject  matter  areas  related  to 
children’s  television  that  could  be 
considered  as  areas  for  possible 
funding 

4.  Future  Meeting  Dates  and  Agenda 

Items 

5.  Other  Items  for  Discussion 

Public  Participation:  The  meeting  will 
be  open  to  the  public,  with  limited 
seating  available  on  a  first-come,  first- 
served  basis. 

Gregory  F.  Chapados, 

Assistant  Secretary  for  Communications  and 
Information. 

[FR  Doc.  92-22135  Filed  9-11-92;  8:45  am] 

BILLING  CODE  3510- SO-M 


COMMITTEE  FOR  THE 
IMPLEMENTATION  OF  TEXTILE 
AGREEMENTS 

Adjustment  of  Import  Limits  for 
Certain  Cotton  and  Man-Made  Fiber 
Textile  Products  Produced  or 
Manufactured  in  the  Dominican 
Republic 

September  4. 1992. 

AGENCY:  Committee  for  the 
Implementation  of  Textile  Agreements 
(CITA). 

ACTION:  Issuing  a  directive  to  the 
Commissioner  of  Customs  increasing 
limits. 

EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Janet  Heinzen,  International  Trade 
Specialist,  Office  of  Textiles  and 
Apparel.  U.S.  Department  of  Commerce, 
(202)  377-4212.  For  information  on  the 
quota  status  of  these  limits,  refer  to  the 
Quota  Status  Reports  posted  on  the 
bulletin  boards  of  each  Customs  port  or 
call  (202)  927-5850.  For  information  on 
embargoes  and  quota  re-openings,  call 
(202)  377-3715. 

SUPPLEMENTARY  INFORMATION: 

Authority:  Executive  Order  11651  of  March 
3, 1972,  as  amended;  section  204  of  the 
Agricultural  Act  of  1956,  as  amended  (7 
U.S.C.  1854). 


The  current  limits  for  certain 
categories  are  being  increased  for 
carryover. 

A  description  of  the  textile  and 
apparel  categories  in  terms  of  HTS 
numbers  is  available  in  the 
CORRELATION:  Textile  and  Apparel 
Categories  with  the  Harmonized  Tariff 
Schedule  of  the  United  States  (see 
Federal  Register  notice  56  FR  60101, 
published  on  November  27, 1991).  Also 
see  57  FR  21232,  published  on  May  19, 
1992. 

The  letter  to  the  Commissioner  of 
Customs  and  the  actions  taken  pursuant 
to  it  are  not  designed  to  implement  all  of 
the  provisions  of  the  Memorandum  of 
Understanding  dated  May  14, 1992,  but 
are  designed  to  assist  only  in  the 
implementation  of  certain  of  its 
provisions. 

Auggie  D.  Tantiilo, 

Chairman.  Committee  for  the  Implementation 
of  Textile  Agreements. 

Committee  for  the  Implementation  of  Textile 
Agreements 

September  4, 1992. 

Commissioner  of  Customs, 

Department  of  the  Treasury.  Washington,  DC 
20229. 

Dear  Commissioner:  This  directive  amends, 
but  does  not  cancel,  the  directive  issued  to 
you  on  May  14, 1992,  by  the  Chairman, 
Committee  for  the  Implementation  of  Textile 
Agreements.  That  directive  concerns  imports 
of  certain  cotton,  wool  and  man-made  fiber 
textile  products,  produced  or  manufactured  in 
the  Dominican  Republic  and  exported  during 
the  twelve-month  period  which  began  on 
January  1, 1992  and  extends  through 
December  31, 1992. 

Effective  on  September  14, 1992,  you  are 
directed  to  amend  the  directive  dated  May 
14, 1992  to  increase  the  limits  for  the 
following  categories,  as  provided  under  the 
terms  of  the  Memorandum  of  Understanding 
dated  May  14, 1992  between  the 
Governments  of  the  United  States  and  the 
Dominican  Republic: 


Category 

Adjusted  twelve  month 
limit 1 

338/638 . 

576,497  dozen. 

339/639 . . . 

625,974  dozen. 

340/640 _ _ 

588,560  dozen. 

342/642 . . . 

441 ,348  dozen. 

347/348/647/648 . 

1,559,831  dozen  of  which 
not  more  than 

1,115,126  dozen  shall 
be  in  Categories  347/ 
348  and  not  more  than 
1,030,153  dozen  shall 
be  in  Categories  647/ 
648. 

351/651 _ 

686,165  dozen. 

*  The  limits  have  not  been  adjusted  to  account  for 

any  imports  exported  after  December  31,  1991. 

The  Committee  for  the  Implementation  of 

Textile  Agreements  has  determined  that 
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these  actions  fall  within  the  foreign  affairs 
exception  to  the  rulemaking  provisions  of  5 
U.S.C.  553(a)(1). 

Sincerely, 

Auggie  D.  Tantillo. 

Chairman.  Committee  for  the  Implementation 
of  Textile  Agreements. 

(FR  Doc.  92-22008  Filed  9-11-92;  8:45  am] 

BILLING  COOE  3510-Ofi-F 

Establishment,  Amendment  and 
Adjustment  of  Import  Limits  for 
Certain  Cotton  and  Man-Made  Fiber 
Textile  Products  Produced  or 
Manufactured  In  Malaysia 

September  8, 1992. 
agency:  Committee  for  the 
Implementation  of  Textile  Agreements 
(CITA). 

ACTION:  Issuing  a  directive  to  the 
Commissioner  of  Customs  establishing, 
amending  and  adjusting  limits. 

EFFECTIVE  DATE:  September  15. 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Ross  Arnold,  International  Trade 
Specialist,  Office  of  Textiles  and 
Apparel.  U.S.  Department  of  Commerce, 
(202)  377-4212.  For  information  on  the 
quota  status  of  these  limits,  refer  to  the 
Quota  Status  Reports  posted  on  the 
bulletin  boards  of  each  Customs  port  or 
call  (202)  927-6712.  For  information  on 
embargoes  and  quota  re-openings,  call 
(202)  377-3715. 

SUPPLEMENTARY  INFORMATION: 

Authority:  Executive  Order  11851  of  March 
3. 1972,  as  amended;  section  204  of  the 
Agricultural  Act  of  1958,  as  amended  (7 
U.S.C.  1854). 

In  a  Memorandum  of  Understanding 
(MOU)  dated  August  26, 1992,  the 
Governments  of  the  United  States  and 
Malaysia  agreed  to  extend  their  current 
bilateral  agreement  through  December 
31, 1994. 

Also,  the  two  governments  agreed  to 
establish  a  limit  for  Categories  350/650, 
a  sublimit  for  Categories  347-W/348-W, 
and  to  increase  the  limit  for  Categories 
647/648  and  sublimits  for  Categories 
647-K  and  648-K  for  the  period 
beginning  on  January  1, 1992  and 
extending  through  December  31. 1992. 
The  current  limits  for  certain  other 
categories  are  being  amended  and 
adjusted,  variously,  for  special 
carryforward,  carryforward  and  swing. 

All  shipments  of  products  in 
Categories  347-W/348-W  shall  continue 
to  require  a  347/348  visa  until  further 
notice. 

A  description  of  the  textile  and 
apparel  categories  in  terms  of  HTS 
numbers  is  available  in  the 
CORRF,LATION:  Textile  and  Apparel 
Categories  with  the  Harmonized  Tariff 


Schedule  of  the  United  States  (see 
Federal  Register  notice  56  FR  60101, 
published  on  November  27, 1991).  Also 
see  58  FR  58369,  published  on  November 
19, 1991;  and  57  FR  28656,  published  on 
June  26, 1992. 

The  letter  to  the  Commissioner  of 
Customs  and  the  actions  taken  pursuant 
to  it  are  not  designed  to  implement  all  of 
the  provisions  of  the  MOU,  but  are 
designed  to  assist  only  in  the 
implementation  of  certain  of  its 
provisions. 

Auggie  D.  Tantillo, 

Chairman.  Committee  for  the  Implementation 
of  Textile  Agreements. 

Committee  for  the  Implementation  of  Textile 
Agreements 

September  8, 1992. 

Commissioner  of  Customs. 

Department  of  the  Treasury,  Washington.  DC 
20229. 

Dear  Commissioner  This  directive  amends, 
but  does  not  cancel,  the  directive  issued  to 
you  on  November  13, 1991,  by  the  Chairman, 
Committee  for  the  Implementation  of  Textile 
Agreements.  That  directive  concerns  imports 
of  certain  cotton,  wool  and  man-made  fiber 
textiles  and  textile  products  and  silk  blend 
and  other  vegetable  fiber  apparel,  produced 
or  manufactured  in  Malaysia  and  exported 
during  the  twelve-month  period  which  began 
on  January  1, 1992  and  extends  through 
December  31. 1992. 

Also,  this  directive  amends,  but  does  not 
cancel,  the  directive  dated  June  22, 1992, 
concerning  cotton  and  man-made  fiber  textile 
products,  produced  or  manufactured  in 
Malaysia  and  exported  during  the  period  June 
26, 1992  and  extending  through  December  31, 
1992. 

Effective  on  September  15, 1992,  you  are 
directed  to  amend  the  restraint  period  for 
Categories  350/850  to  begin  on  January  1, 

1992  and  extend  through  December  31, 1992. 
Categories  350  and  650  shall  be  removed  from 
Croup  IL  Import  charges  already  made  to 
Categories  350  and  650  shall  be  applied  at  the 
Category  350  and  Category  650  level  to 
merged  Categories  350/650  for  the  period 
January  1. 1992  through  December  31, 1992. 
Categories  350/650  shall  not  be  subject  to  a 
group  limit. 

You  are  directed  to  apply  the  import 
charges  for  woven  cotton  trousers  within  the 
current  limit  for  Categories  347/348  to  the 
newly  established  sublimit  for  Categories 
347-W/348-W. 

Further,  you  are  directed  to  establish, 
amend  and  adjust  the  limits  for  the  following 
categories,  according  to  the  terms  of  the 
Memorandum  of  Understanding  (MOU)  dated 
August  28, 1992  between  the  Governments  of 
the  United  States  and  Malaysia; 


Sublevel  within  the 
fabric  group 

613/614/615/617 .  25,543,204  square 

meters. 

Other  specific  limits 

300/301 _  1,050,246  kilograms. 

338/339  _  862,827  dozen. 

347/348 . 453,367  dozen  of  which 

not  more  than  395,682 
dozen  shall  be  in  Cate¬ 
gories  347-W/348-W  2. 

350/650 _  105,000  dozen. 

351/651 _  200,533  dozen. 

634/635 _ 629.738  dozen  of  which 

not  more  than  274,804 
dozen  shall  be  in  Cate¬ 
gory  635. 

638/839  _  367,177  dozen. 

647/648 _  1,266,328  dozen  of  which 

not  more  than  844.219 
dozen  shall  be  in  Cate¬ 
gory  647-K*  and  not 
more  than  844,219  shall 
be  in  Category  648-K  4. 

1  The  limits  have  not  been  adjusted  to  account  for 
any  imports  exported  after  December  31.  1991. 

*  Category  347-W:  only  HTS  numbers 

6203.19.1020.  6203.19.4020,  6203.22.3020. 

6203.22.3030.  6203.42.4005,  6203.42.4010. 

6203.42.4015,  6203.42.4025.  6203.42.4035, 

6203.42.4045,  620342.4050,  6203.42.4060, 

6203.49.3020.  6210.40.2035.  6211.20.1520, 

6211.20.3010  and  6211.32.0040;  Category  348-W. 
only  HTS  numbers  6204.12.0030,  6204.19.3030, 
6204.22.3040.  6204.22.3050,  6204.29.4034, 

6204.62.3000,  6204.62.4005.  6204.62.4010, 

6204.62.4020,  6204.62  4030,  6204.62.4040, 

6204  62.4050,  6204.62.4055.  6204.62.4065. 

6204  69  3010,  6204.69.9010.  6210.50.2035, 

6211.20.1550,  6211.20.6010,  6211  42.0030  and 
6217  90.0050. 

*  Category  647-K:  only  HTS  numbers 

6103.23.0040,  6103.23.0045.  6103.29.1020, 

6103.29.1030,  6103.43.1520,  6103.43.1540. 

6103.43.1550,  6103.43.1570,  6103.49.1020, 

6103.49.1060.  6103.49.3014,  6112.12.0050, 

6112.19.1050,  6112.20,1060  and  8113.00.0044. 

4  Category  648-K:  only  HTS  numbers 

6104.23  0032,  6104.23.0034,  6104.29  1030, 

6104.29.1040,  6104.29.2038.  6104.63.2010, 

6104.63.2025.  6104.63.2030,  6104.63.2060. 

6104.69.2030,  6104  69  2060.  6104.69.3026. 

6112.12.0060,  6112.19.1060,  6112.20.1070, 

61 13.00.0052  and  61 17.90.0046. 

The  Committee  for  the  Implementation  of 
Textile  Agreements  has  determined  that 
these  actions  fall  within  the  foreign  affairs 
exception  to  the  rulemaking  provisions  of  5 
U.S.C.  553(a)(1). 

Sincerely, 

Auggie  D.  Tantillo. 

Chairman.  Committee  for  the  Implementation 
of  Textile  Agreements. 

[FR  Doc.  92-22109  Filed  9-11-92;  8:45  am| 
BILUNG  COOE  3510-00 -f 


Establishment  of  an  Import  Restraint 
Limit  for  Certain  Cotton  Textile 
Products  Produced  or  Manufactured  in 
Myanmar 

September  4. 1902. 

AGENCY:  Committee  for  the 
Implementation  of  Textile  Agreements 
(CITA). 
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action:  Issuing  a  directive  to  the 
Commissioner  of  Customs  establishing  a 
limit. 


EFFECTIVE  DATE:  September  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Ross  Arnold,  International  Trade 
Specialist,  Office  of  Textiles  and 
Apparel,  U.S.  Department  of  Commerce, 
(202)  377-4212.  For  information  on  the 
quota  status  of  this  limit,  refer  to  the 
Quota  Status  Reports  posted  on  the 
bulletin  boards  of  each  Customs  port  or 
call  (202)  927-5850.  For  information  on 
embargoes  and  quota  re-openings,  call 
(202) 377-3715. 

SUPPLEMENTARY  INFORMATION: 

Authority:  Executive  Order  11651  of  March 
3, 1972,  as  amended;  section  204  of  the 
Agricultural  Act  of  1956,  as  amended  (7 
U.S.C.  1854). 

Under  the  terms  of  Section  204  of  the 
Agricultural  Act  of  1958,  as  amended, 
the  Government  of  the  United  States  has 
decided  to  establish  a  restraint  limit  for 
cotton  trousers,  breeches  and  shorts  in 
Categories  347/348,  produced  or 
manufactured  in  Myanmar  and  exported 
during  the  twelve-month  period  which 
began  on  September  1, 1992  and  extends 
through  August  31, 1993  at  a  level  of 
131,659  dozen. 

A  summary  market  statement 
concerning  Categories  347/348  follows 
this  notice. 

Anyone  wishing  to  comment  or 
provide  data  or  information  regarding 
the  treatment  of  Categories  347/348  or  to 
comment  on  domestic  production  or 
availability  of  products  included  in 
Categories  347/348,  is  invited  to  submit 
10  copies  of  such  comments  or 
information  to  Auggie  D.  Tantillo, 
Chairman,  Committee  for  the 
Implementation  of  Textile  Agreements, 
U.S.  Department  of  Commerce, 
Washington,  DC  20230;  ATTN:  Helen  L. 
LeGrande. 

Further  comments  may  be  invited 
regarding  particular  comments  or 
information  received  from  the  public 
which  the  Committee  for  the 
Implementation  of  Textile  Agreements 
considers  appropriate  for  further 
consideration. 

The  solicitation  of  comments  is  not  a 
waiver  in  any  respect  of  the  exemption 
contained  in  5  U.S.C.  553(a)(1)  relating 
to  matters  which  constitute  "a  foreign 
affairs  function  of  the  United  States.” 

A  description  of  the  textile  and 
apparel  categories  in  terms  of  HTS 
numbers  is  available  in  the 
CORRELATION:  Textile  and  Apparel 
Categories  with  the  Harmonized  Tariff 
Schedule  of  the  United  States  (see 


Federal  Register  notice  56  FR  60101, 
published  on  November  27, 1991). 

Auggie  D.  Tantillo, 

Chairman,  Committee  for  the  Implementation 
of  Textile  Agreements. 

Market  Statement — Myanmar 
Category  347/348— Men’s  and  Boys’  Cotton 
Trousers,  Stacks  and  Shorts 
August  1992 

Import  Situation  and  Conclusion 

U.S.  imports  of  cotton  trousers,  slacks, 
and  shorts,  Category  347/348,  from 
Myanmar  surged  to  135,714  dozen  in  the 
year  ending  in  June  1992,  almost  double 
the  69,348  dozen  imported  during  the 
year  ending  June  1991.  During  the  first 
six  months  of  1992,  imports  of  Category 
347/348  from  Myanmar  reached  92,150 
dozen,  more  than  double  the  41,844 
dozen  imported  in  January-June  1991, 
and  8  percent  greater  than  Myanmar’s 
total  calendar  year  1991  imports. 

The  sharp  and  substantial  increase  in 
Category  347/348  imports  from 
Myanmar  is  causing  disruption  in  the 
U.S.  market  for  cotton  trousers,  slacks, 
and  shorts. 

U.S.  Production,  Import  Penetration,  and 
Market  Share 

U.S.  production  of  cotton  trousers, 
slacks,  and  shorts,  Category  347/348, 
declined  from  48,816,000  dozen  in  1987 
to  45,499,000  dozen  in  1991,  a  decline  of 
7  percent.  U.S.  imports  of  cotton 
trousers,  slacks,  and  shorts,  Category 
347/348,  increased  from  29,132,000  dozen 
in  1987  to  39,448,000  dozen  in  1991,  an 
increase  of  35  percent.  Category  347/348 
imports  continue  to  increase  in  1992,  up 
47  percent  in  the  first  six  months  of  1992 
over  the  January-June  1991  level.  The 
ratio  of  imports  to  domestic  production 
increased  from  60  percent  in  1987  to  87 
percent  in  1991.  The  domestic 
manufacturers’  share  of  the  U.S.  cotton 
trousers  market  fell  from  63  percent  in 
1987  to  54  percent  in  1991,  a  decline  of  9 
percentage  points. 

Duty-Paid  Value  and  U.S.  Producers' Price 

Approximately  89  percent  of  Category 
347/348  imports  from  Myanmar  during 
the  year  ending  June  1992  entered  under 
HTSUSA  numbers  6203.42.4050 — men’s 
woven  cotton  shorts;  6204.62.4020 — 
women’s  cotton  trousers  other  than  of 
corduroy  and  denim  and  6204.62.4055 — 
women’s  cotton  woven  shorts.  These 
trousers  and  shorts  entered  the  U.S.  at 
landed  duty-paid  values  below  U.S. 
producers’  prices  for  comparable 
garments. 

Committee  for  the  Implementation  of  Textile 
Agreements 

September  4, 1992. 

Commissioner  of  Customs, 

Department  of  the  Treasury,  Washington.  DC 
20229. 


Dear  Commissioner  Under  the  terms  of 
section  204  of  the  Agricultural  Act  of  1956,  as 
amended  (7  U.S.C.  1854);  and  in  accordance 
with  the  provisions  of  Executive  Order  11651 
of  March  3, 1972,  as  amended,  you  are 
directed  to  prohibit,  effective  on  September 
14, 1992,  entry  into  the  United  States  for 
consumption  and  withdrawal  from 
warehouse  for  consumption  of  cotton  textile 
products  in  Categories  347/348,  produced  or 
manufactured  in  Myanmar  and  exported 
during  the  period  beginning  on  September  1, 
1992  and  extending  through  August  31, 1993, 
in  excess  of  131,659  dozen. 1 

Textile  products  in  Categories  347/348 
which  have  been  exported  to  the  United 
States  prior  to  September  1, 1992  shall  not  be 
subject  to  the  limit  established  in  this 
directive. 

Textile  products  in  Categories  347/348 
which  have  been  released  from  the  custody 
of  the  U.S.  Customs  Service  under  the 
provisions  of  19  U.S.C.  1448(b)  or 
1484(a)(1)(A)  prior  to  the  effective  date  of  this 
directive  shall  not  be  denied  entry  under  this 
directive. 

In  carrying  out  the  above  directions,  the 
Commissioner  of  Customs  should  construe 
entry  into  the  United  States  for  consumption 
to  include  entry  for  consumption  into  the 
Commonwealth  of  Puerto  Rico. 

The  Committee  for  the  Implementation  of 
Textile  Agreements  has  determined  that  this 
action  falls  within  the  foreign  affairs 
exception  of  the  rulemaking  provisions  of  5 
U.S.C.  553(a)(1). 

Sincerely, 

Auggie  D.  Tantillo, 

Chairman,  Committee  for  the  Implementation 
of  Textile  Agreements. 

[FR  Doc.  92-22006  Filed  9-11-92;  8:45  am] 

BILLING  CODE  3510-DR-F 


Adjustment  of  Import  Limits  for 
Certain  Cotton,  Wool  and  Man-Made 
Fiber  Textiles  and  Textile  Products 
and  Silk  Blend  and  Other  Vegetable 
Fiber  Apparel  Produced  or 
Manufactured  in  the  Philippines 

September  8, 1992. 

AGENCY:  Committee  for  the 
Implementation  of  Textile  Agreements 
(CITA). 

ACTION:  Issuing  a  directive  to  the 
Commissioner  of  Customs  adjusting 
limits. 

EFFECTIVE  DATE:  September  8, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Ross  Arnold,  International  Trade 
Specialist,  Office  of  Textiles  and 
Apparel,  U.S.  Department  of  Commerce, 
(202)  377-4212.  For  information  on  the 
quota  status  of  these  limits,  refer  to  the 
Quota  Status  Reports  posted  on  the 
bulletin  boards  of  each  Customs  port  or 
call  (202)  927-6713.  For  information  on 


1  The  limit  has  not  been  adjusted  to  account  tor 
any  imports  exported  after  August  31, 1992. 
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embargoes  and  quota  re-openings,  call 
(202) 377-3715. 

SUPPLEMENTARY  INFORMATION: 

Authority:  Executive  Order  11651  of  March 
3. 1972,  as  amended;  section  204  of  the 
Agricultural  Act  of  1956,  as  amended  (7 
U.S.C.  1854). 

The  current  limits  for  certain 
categories  are  being  adjusted,  variously, 
for  swing,  special  shift,  carryover  and 
carryforward  used. 

A  description  of  the  textile  and 
apparel  categories  in  terms  of  HTS 
numbers  is  available  in  the 
CORRELATION:  Textile  and  Apparel 
Categories  with  the  Harmonized  Tariff 
Schedule  of  the  United  States  (see 
Federal  Register  notice  56  FR  60101, 
published  on  November  27, 1991).  Also 
see  57  FR  2712,  published  on  January  23, 
1992. 

The  letter  to  the  Commissioner  of 
Customs  and  the  actions  taken  pursuant 
to  it  are  not  designed  to  implement  all  of 
the  provisions  of  the  bilateral 
agreement,  but  are  designed  to  assist 
only  in  the  implementation  of  certain  of 
its  provisions. 

Auggie  D.  Tantillo, 

Chairman,  Committee  for  the  Implementation 
of  Textile  Agreements. 

Committee  for  the  Implementation  of  Textile 
Agreements 

September  8, 1992. 

Commissioner  of  Customs, 

Department  of  the  Treasury,  Washington,  DC 
20229. 

Dear  Commissioner  This  directive  amends, 
but  does  not  cancel,  the  directive  issued  to 
you  on  January  14, 1992,  by  the  Chairman, 
Committee  for  the  Implementation  of  Textile 
Agreements.  That  directive  concerns  imports 
of  certain  cotton,  wool  and  man-made  fiber 
textiles  and  textile  products  and  silk  blend 
and  other  vegetable  fiber  apparel,  produced 
or  manufactured  in  the  Philippines  and 
exported  during  the  twelve-month  period 
which  began  on  January  1, 1992  and  extends 
through  December  31, 1992. 

Effective  on  September  8, 1992.,  you  are 
directed  to  amend  further  the  directive  dated 
January  14, 1992  to  adjust  the  limits  for  the 
following  categories,  as  provided  under  the 
terms  of  the  current  bilateral  agreement 
between  the  Governments  of  the  United 
States  and  the  Philippines: 


Category 

Adjusted  twelve-month 
limit 1 

Levels  in  Group  1 

239 . 

331/631  . „ . 

3,409,977  dozen  pairs. 

333/334 .......  _ 

335 . . 

206,947  dozen. 

134,702  dozen. 

336 . 

338/339 . 

425.721  dozen. 

1,619,253  dozen. 

Category 

Adjusted  twelve-month 
limit 1 

340/640 . 

913,933  dozen  of  which 
not  more  than  502,663 
dozen  shall  be  In  Cate¬ 
gories  340- Y /640-Y  *. 

341/641  . . . 

665,283  dozen. 

342/642 _ 

408,851  dozen. 

345 . 

126,262  dozen. 

347/348 _ _ .... 

1,605,872  dozen. 

350 . . . 

59,705  dozen. 

351/651..-  .  _ 

469,718  dozen. 

352/652 . 

1,718,281  dozen. 

359-C/659-C  * _ 

564,000  kilograms. 

361 _ _ 

1,411,920  numbers. 

369-S  * _ 

180,144  kilograms. 

431 . 

176,744  dozen  pairs. 

433 . 

3,699  dozen. 

443 . 

44,735  numbers. 

445/446 . „ . 

28,742  dozen. 

447 . . . . 

7,992  dozen. 

611 . . . 

4,237,285  square  meters. 

633 . 

26,948  dozen. 

636 . 

1,199,745  dozen. 

638/639 . 

1,663,415  dozen. 

643 . . . 

649,899  numbers. 

645/646 . . . 

499,080  dozea 

647/648 . 

754,398  dozen. 

649 . 

4,575,873  dozen. 

650 . . . 

77,094  dozen. 

659-H  » . „ . 

1,110,095  kilograms. 

847 . 

579,346  dozen. 

1  The  limits  have  not  been  adjusted  to  account  for 
any  imports  exported  after  December  31,  1991. 

*  Category  340- Y:  only  HTS  numbers 

6205.20 .201  5,  6205.20.2020,  6205.20.2046, 

6205.20.2050  and  6205.20.2060;  Category  640-Y: 

only  HTS  numbers  6205.30.2010,  6205.30.2020. 

6205.30.2050  and  6205.30.2060. 

3  Category  359-C:  only  HTS  numbers 

6103.42.2025.  6103.49.3034,  6104.62.1020, 

6104.69.3010,  6114.20.0048,  6114.20.0052, 

6203.42.2010,  6203  42.2090,  6204  62.2010, 

6211.32.0010,  6211.32.0025  and  6211.42.0010;  Cat¬ 
egory  659-C:  only  HTS  numbers  6103.23.0055, 
6103.43.2020,  6103.43.2025,  6103.49.2000, 

6103.49.3038,  6104.63.1020,  6104.63.1030, 

6104.69.1000.  6104.69.3014,  6114.30.3044, 

6114.30.3054,  6203.43.2010,  6203.43.2090, 

6203.49.1010,  6203.49.1090,  6204.63.1510, 

6204.69.1010,  6210.10.4015,  6211.33.0010, 

6211.33.0017  and  6211.43.0010. 

4  Category  369-S:  only  HTS  number 

6307.10.2005. 

•  Category  659-H:  only  HTS  numbers 

6502.00.9030,  6504.00.9015,  6504.00.9060, 

6505.90.5090,  6505.90.6090,  6505.90.7090  and 
6505.90.8090. 

The  Committee  for  the  Implementation  of 
Textile  Agreements  has  determined  that 
these  actions  fall  within  the  foreign  affairs 
exception  to  the  rulemaking  provisions  of  5 
U.S.C.  553(a)(1). 

Sincerely, 

Auggie  D.  Tantillo, 

Chairman.  Committee  for  the  Implementation 
of  Textile  Agreements. 

[FR  Doc.  92-22108  Filed  9-11-92;  8:45  am) 

BILLING  CODE  3S10-OR-F 


Request  for  Public  Comments  on 
Bilateral  Textile  Consultations  with  the 
Government  of  Bangladesh  on  Certain 
Cotton  and  Man-Made  Fiber  Textile 
Products 

September  4, 1992. 
agency:  Committee  for  the 
Implementation  of  Textile  Agreements 
(CITA). 


action:  Notice. 

FOR  FURTHER  INFORMATION  CONTACT. 

Ross  Arnold,  International  Trade 
Specialist,  Office  of  Textiles  and 
Apparel,  U.S.  Department  of  Commerce, 
(202)  377-4212.  For  information  on 
categories  for  which  consultations  have 
been  requested,  call  (202)  377-3740. 

SUPPLEMENTARY  INFORMATION: 

Authority:  Executive  Order  11651  of  March 
3, 1972,  as  amended;  section  204  of  the 
Agricultural  Act  of  1956,  as  amended  (7 
U.S.C.  1854). 

On  August  31, 1992,  under  the  terms  of 
Article  3  of  the  Arrangement  Regarding 
International  Trade  in  Textiles,  done  at 
Geneva  on  December  20, 1973,  as  further 
extended  on  July  31, 1986,  the 
Government  of  the  United  States 
requested  consultations  with  the 
Government  of  Bangladesh  with  respect 
to  cotton  and  man-made  fiber  robes  and 
dressing  gowns  in  Categories  350/650, 
produced  or  manufactured  in 
Bangladesh. 

The  purpose  of  this  notice  is  to  advise 
the  public  that,  if  no  solution  is  agreed 
upon  in  consultations  with  the 
Government  of  Bangladesh,  the 
Committee  for  the  Implementation  of 
Textile  Agreements  may  later  establish 
a  limit  for  the  entry  and  withdrawal 
from  warehouse  for  consumption  of 
cotton  and  man-made  fiber  textile 
products  in  Categories  350/650, 
produced  or  manufactured  in 
Bangladesh  and  exported  during  the 
twelve-month  period  which  began  on 
August  31, 1992  and  extends  through 
August  30, 1993,  at  a  level  of  not  less 
than  87,280  dozen, 

A  summary  market  statement 
concerning  Categories  350/650  follows 
this  notice. 

Anyone  wishing  to  comment  or 
provide  data  or  information  regarding 
the  treatment  of  Categories  350/650,  or 
to  comment  on  domestic  production  or 
availability  of  products  included  in 
Categories  350/650,  is  invited  to  submit 
10  copies  of  such  comments  or 
information  to  Auggie  D.  Tantillo, 
Chairman,  Committee  for  the 
Implementation  of  Textile  Agreements, 
U.S.  Department  of  Commerce, 
Washington,  DC  20230;  ATTN:  Helen  L. 
LeGrande.  The  comments  received  will 
be  considered  in  the  context  of  the 
consultations  with  the  Government  of 
Bangladesh. 

Because  the  exact  timing  of  the 
consultations  is  not  yet  certain, 
comments  should  be  submitted 
promptly.  Comments  or  information 
submitted  in  response  to  this  notice  will 
be  available  for  public  inspection  in  the 
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Office  of  Textiles  and  Apparel,  room 
H3100,  U.S.  Department  of  Commerce, 
14th  and  Constitution  Avenue,  NW., 
Washington,  DC. 

Further  comments  may  be  invited 
regarding  particular  comments  or 
information  received  from  the  public 
which  the  Committee  for  the 
Implementation  of  Textile  Agreements 
considers  appropriate  for  further 
consideration. 

The  solicitation  of  comments 
regarding  any  aspect  of  the  agreement 
or  the  implementation  thereof  is  not  a 
waiver  in  any  respect  of  the  exemption 
contained  in  5  U.S.C.  553(a)(1)  relating 
to  matters  which  constitute  "a  foreign 
affairs  function  of  the  United  States.” 

The  United  States  remains  committed 
to  Finding  a  solution  concerning 
Categories  350/650.  Should  such  a 
solution  be  reached  in  consultations 
with  the  Government  of  Bangladesh, 
further  notice  will  be  published  in  the 
Federal  Register. 

A  description  of  the  textile  and 
apparel  categories  in  terms  of  HTS 
numbers  is  available  in  the 
CORRELATION:  Textile  and  Apparel 
Categories  with  the  Harmonized  Tariff 
Schedule  of  the  United  States  (see 
Federal  Register  notice  56  FR  60101, 
published  on  November  27, 1991). 

Auggie  D.  Tantiilo, 

Chairman,  Committee  for  the  Implementation 
of  Textile  Agreements. 

Market  Statement — Bangladesh 
Category  350/650— Cotton  and  Man-Made 
Fiber  Robes  and  Dressing  Gowns 
August  1992 

Import  Situation  and  Conclusion 

U.S.  imports  of  cotton  and  man-made 
fiber  robes  and  dressing  gowns, 

Category  350/650,  from  Bangladesh 
reached  85,733  dozen  in  year  ending 
June  1992,  more  than  double  the  38,199 
dozen  imported  in  the  year  ending  June 
1991.  During  the  first  six  months  of  1992, 
Category  350/650  imports  from 
Bangladesh  reached  58,536  dozen, 
almost  two  and  one-half  times  the 
January-June  1991  level,  and  15  percent 
greater  than  Bangladesh’s  total  calendar 
year  1991  imports.  Bangladesh  became 
the  sixth  largest  supplier  of  cotton  and 
man-made  fiber  robes  and  dressing 
gowns,  Category  350/650,  to  the  U.S., 
accounting  for  6.5  percent  of  total  U.S. 
Category  350/650  imports  in  the  first 
half  of  1992.  In  1991,  Bangladesh  ranked 
fourteenth  among  the  major  suppliers, 
accounting  for  2.6  percent  of  total  U.S. 
imports. 

The  sharp  and  substantial  increase  in 
Category  350/650  imports  from 
Bangladesh  is  causing  disruption  in  the 


U.S.  market  for  cotton  and  man-made 
fiber  robes  and  dressing  gowns. 

U.S.  Production,  Import  Penetration,  and 
Market  Share 

U.S.  production  of  cotton  and  man¬ 
made  fiber  robes  and  dressing  gowns, 
Category  350/650,  declined  from 
3,385,000  dozen  in  1987  to  1,599,000 
dozen  in  1991,  a  53  percent  decline.  In 
contrast,  U.S.  imports  of  cotton  and 
man-made  fiber  robes  and  dressing 
gowns  Category  350/650,  increased  from 
1,342,000  dozen  in  1987  to  1,983,000 
dozen  in  1991,  an  increase  of  48  percent. 
Category  350/650  imports  continued  to 
increase  in  1992,  up  6  percent  in  the  first 
six  months  of  1992  over  the  January-June 
1991  level.  The  ratio  of  imports  to 
production  tripled,  increasing  from  40 
percent  in  1987  to  124  percent  in  1991. 
The  domestic  manufacturers’  share  of 
the  U.S.  market  fell  from  72  percent  in 
1987  to  45  percent  in  1991,  a  decline  of 
27  percentage  points. 

Duty-Paid  Value  and  U.S.  Producers’ Price 

Approximately  85  percent  of  Category 
350/650  imports  from  Bangladesh  during 
the  year  ending  June  1992  entered  the 
U.S.  under  HTSUSA  number 
6208.91.1010 — women’s  cotton  bathrobes 
and  dressing  gowns.  These  bathrobes 
and  dressing  gowns  entered  the  U.S.  at 
landed  duty-paid  values  below  U.S. 
producers’  prices  for  comparable 
bathrobes  and  dressing  gowns. 

[FR  Doc.  92-22007  Filed  9-11-92;  8:45  am] 
BILLING  CODE  3510-DR-F 

DEPARTMENT  OF  EDUCATION 

[CFDA  No.  84.087] 

Indian  Fellowship  Program;  Notice 
Inviting  Applications  for  New  Awards 
for  Fiscal  Year  (FY)  1993 

Purpose  of  Program:  To  provide 
fellowships  to  enable  Indian  students  to 
pursue  a  course  of  study  leading  to  a 
postbaccalaureate  degree  in  medicine, 
psychology,  law,  education,  clinical 
psychology,  or  a  related  field,  or  to 
pursue  an  undergraduate  or 
postbaccalaureate  degree  in  business 
administration,  engineering,  natural 
resources,  or  a  related  field. 

Eligibility  Requirements:  An 
applicant  must  be  an  American  Indian 
or  an  Alaska  Native,  U.S.  citizen,  and  a 
full-time  degree  candidate  at  an 
accredited  institution  of  higher 
education.  In  addition,  an  applicant 
must  not  have  obtained  a  terminal 
postbaccalaureate  degree. 

Deadline  for  Submitting  Applications: 
January  22, 1993. 

Applications  Available:  November  17, 
1992. 


Available  Funds:  Approximately 
$690,000. 

Estimated  Range  of  Awards:  $2,500- 
$39,300. 

Estimated  Average  Size  of  Awards: 
$14,600 

Estimated  Number  of  New  A  wards: 

47. 

Project  Period:  The  Secretary  awards 
a  fellowship  for  a  period  of  time  set  by 
the  school  as  standard  for  the  allowable 
field  of  study,  or  for  a  period  of  time  up 
to  2  academic  years  for  a  masters  degree 
and  up  to  4  academic  years  for  an 
undergraduate  or  doctorate  degree. 

Applicable  Regulations:  (a)  The 
Education  Department  General 
Administrative  Regulations  (EDGAR)  in 
34  CFR  parts  82,  85,  and  86;  and  (b)  The 
regulations  for  this  program  in  34  CFR 
part  263. 

Supplementary  Information:  The 
Secretary  expects  to  set  the  maximum 
for  stipends  at  $750  per  month  and  the 
maximum  allowance  for  dependent  care 
at  $110  per  month  for  each  dependent. 

This  program  supports  AMERICA 
2000,  the  President’s  strategy  for  moving 
the  Nation  toward  the  National 
Education  Goals.  Specifically,  National 
Education  Goal  5  calls  for  adult 
Americans  to  possess  the  knowledge 
and  skills  necessary  to  compete  in  a 
global  economy  and  exercise  the  rights 
and  responsibilities  of  citizenship. 

For  Applications  or  Information 
Contact:  Office  of  Indian  Education,  U.S. 
Department  of  Education,  400  Maryland 
Avenue  SW.,  room  2177,  FOB-6, 
Washington,  DC  20202-6335.  Telephone: 
(202)  401-1890.  Deaf  and  hearing 
impaired  individuals  may  call  the 
Federal  Dual  Party  Relay  Service  at  1- 
800-877-8339  (in  the  Washington,  DC 
202  area  code,  telephone  708-9300) 
between  8  a.m.  and  7  p.m.,  Eastern  time. 

Program  Authority:  25  U.S.C.  2623. 

Dated:  September  4, 1992. 

Daniel  F.  Bonner, 

Acting  Assistant  Secretary,  Elementary  and 
Secondary  Education. 

[FR  Doc.  92-22284  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  4000-01-M 


DEPARTMENT  OF  ENERGY 

Determination  of  Noncompetitive 
Financial  Assistance;  Great  Lakes 
Governors  Council 

agency:  Department  of  Energy  (DOE). 
action:  Notice. 

SUMMARY:  DOE  announces  that 
pursuant  to  10  CFR  600.7(b)(2)(i)  it 
intends  to  renew  on  a  noncompetitive 
basis  a  grant  to  the  Council  of  Great 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Notices 


41929 


Lakes  Governors  (CGLG)  to  organize 
and  carry  out  a  Regional  Biomass 
Program  in  the  Great  Lakes  Area  of  the 
Northern  Tier  States.  The  renewal 
award  is  to  be  in  the  amount  of  $760,000 
to  continue  the  project  for  a  year.  The 
primary  purpose  is  to  implement 
biomass  research  and  development, 
technology  utilization,  and  technology 
transfer  on  a  regional  basis  in  a  manner 
which  will  maximize  the  participation  of 
the  public  and  private  sectors  of  each 
6tate.  CGLG  has  the  unique  capability  to 
equally  represent  all  of  the  states  in  the 
Great  Lakes  subregion  and  involve  the 
appropriate  private  and  public  interest 
groups  in  the  states.  CGLG  is  an 
existing,  regionally  organized 
consortium  with  background  experience 
in  management  of  similar  activities. 
Eligibility  for  this  award  is,  therefore, 
restricted  to  CGLG. 

FOR  FURTHER  INFORMATION  CONTACT: 
Mary  Harris,  ER-11,  Energy  Programs 
Division,  U.S.  Department  of  Energy, 
Oak  Ridge,  Tennessee  37831-6269,  (615) 
576-4507. 

Issued  in  Oak  Ridge,  Tennessee  on 
September  3, 1992. 

Peter  D.  Dayton, 

Director,  Procurement  &  Contracts  Division, 
Field  Office,  Oak  Ridge. 

(FR  Doc.  92-22132  Filed  9-11-02;  8:45  am] 

BILLING  CODE  6450-01-41 

Determination  of  Noncompetitive 
Financial  Assistance;  Northeastern 
Governors  Coalition 


FOR  FURTHER  INFORMATION  CONTACT: 

Mary  Harris,  ER-11,  Energy  Programs 
Division,  U.S.  Department  of  Energy, 

Oak  Ridge,  Tennessee  37831-6269,  (615) 
576-4507. 

Issued  in  Oak  Ridge.  Tennessee  on 
September  3, 1992. 

Peter  D.  Dayton, 

Director,  Procurement  &  Contracts  Division. 
Field  Office,  Oak  Ridge. 

[FR  Doc.  92-22133  Filed  9-11-92;  8:45  am] 
BILLING  COOE  8450-01-4* 

Federal  Energy  Regulatory 
Commission 

[Docket  Nos.  ER92-563-000  et  al.] 

Commonwealth  Edison  Company,  et 
al.;  Electric  rate,  Small  power 
production,  and  Interlocking 
Directorate  filings 

Take  notice  that  the  following  filings 
have  been  made  with  the  Commission; 

1.  Commonwealth  Edison  Co. 

[Docket  No.  ER92-563-000]  „ 

September  3, 1992. 

Take  notice  that  on  August  18, 1992, 
Commonwealth  Edison  Company 
(Commonwealth  Edison)  tendered  for 
filing  a  letter  renewing  its  request  for 
waiver  to  permit  Amendment  No.  17  to 
become  effective  June  3, 1992. 

Comment  date:  September  17, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 


AGENCY:  Department  of  Energy  (DOE). 
action:  Notice. 

SUMMARY:  DOE  announces  that 
pursuant  to  10  CFR  600.7(b)(2)(i)  it 
intends  to  renew  on  a  noncompetitive 
basis  a  grant  to  the  Coalition  of 
Northeastern  Governors  (CONEG)  to 
organize  and  carry  out  a  Regional 
Biomass  Program  in  the  Northeast  Area 
of  the  Northern  Tier  States.  The  renewal 
award  is  to  be  in  the  amount  of  $785,000 
to  continue  the  project  for  a  year.  The 
primary  purpose  is  to  implement 
biomass  research  and  development, 
technology  utilization,  and  technology 
transfer  on  a  regional  basis  in  a  manner 
which  will  maximize  the  participation  of 
the  public  and  private  sectors  of  each 
state.  CONEG  has  the  unique  capability 
to  equally  represent  all  of  the  states  in 
the  Northeast  subregion  and  involve  the 
appropriate  private  and  public  interest 
groups  in  the  states.  CONEG  is  an 
existing,  regionally  organized 
consortium  with  background  experience 
in  management  of  similar  activities. 
Eligibility  for  this  award  is,  therefore, 
restricted  to  CONEG. 


2.  The  United  Illuminating  Co. 

[Docket  No.  ER92-799-000] 

September  3, 1992. 

Take  notice  that  on  August  27, 1992, 
The  United  Illuminating  Company  (UI) 
tendered  for  filing  a  rate  schedule  for  a 
short-term,  coordination  transaction 
involving  the  sale  of  capacity 
entitlements  to  Massachusetts 
Municipal  Wholesale  Electric  Company 
(MMWEC).  The  rate  schedule 
corresponds  to  a  letter  agreement,  dated 
August  21. 1992,  between  UI  an 
MMWEC.  The  commencement  date  for 
service  under  the  agreement  is 
November  1, 1992.  UI  proposes  that  the 
rate  schedule  commence  on  this  date. 

The  service  schedule  provided  under 
the  agreement  is  the  provision  of 
capacity  entitlements  and  associated 
energy  from  UI’s  New  Haven  Harbor 
Station. 

Copies  of  the  filing  were  mailed  to 
MMWEC. 

Comment  date:  September  17, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 


3.  The  United  Illuminating  Company 

[Docket  No.  ER92-798-000] 

September  3, 1992. 

Take  notice  that  on  August  27, 1992, 
The  United  Illuminating  Company  (UI) 
tendered  for  filing  a  rate  schedule  for  a 
short-term,  coordination  transaction 
involving  the  sale  of  capacity 
entitlements  to  Bangor  Hydro-Electric 
Company  (BHE).  The  rate  schedule 
corresponds  to  a  letter  agreement  dated 
August  20, 1992,  between  UI  an  BHE. 

The  commencement  date  for  service 
under  the  agreement  is  November  1, 

1992.  UI  proposes  that  the  rate  schedule 
commence  on  this  date. 

The  service  schedule  provided  under 
the  agreement  is  the  provision  of 
capacity  entitlements  and  associated 
energy  from  UI’s  New  Haven  Harbor 
Station. 

Copies  of  the  filing  were  mailed  to 
BHE. 

Comment  date:  September  17, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

4.  Entergy  Services,  Inc. 

[Docket  No.  ER91-569-002] 

September  3, 1992, 

Take  notice  that  Entergy  Services,  Inc. 
(ESI),  as  agent  for  Arkansas  Power  & 
Light  Company,  Louisiana  Power  &  Light 
Company,  Mississippi  Power  &  Light, 
and  New  Orleans  Ihiblic  Service  Inc.  on 
August  24, 1992,  tendered  for  filing 
revisions  to  its  compliance  filing  in 
Docket  No.  ER91-569-000,  which  was 
filed  on  June  1, 1992.  ESI’s  compliance 
filing  includes  a  system-wide 
Transmission  Service  Tariff  (Tariff). 
Pursuant  to  the  order  of  the  Commission 
in  Docket  No.  ER91-4569-001  dated 
August  7, 1992,  ESI  has  filed  revisions  to 
its  Tariff  to  clarify  (1)  notice 
requirements  concerning  third  party 
impacts  and  (2)  procedures  concerning 
recovery  of  stranded  investment  costs. 

Comment  date:  September  17, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

5.  Iowa-Illinois  Gas  and  Electric 

[Docket  No.  ER92-791-000] 

September  3, 1992. 

Take  notice  that  on  August  21, 1992. 
Iowa-Illinois  Gas  and  Electric  Company 
(Iowa-Illinois),  Davenport,  Iowa,  filed  a 
Notice  of  Termination  of  Facilities 
Schedule  No.  1  to  the  Facilities 
Agreement  dated  October  29, 1973 
between  Iowa-Illinois  and  Com  Belt 
Power  Cooperative  (Com  Belt), 
Humboldt,  Iowa.  Facilities  Schedule  No. 
1  is  designated  as  Supplement  No.  1  to 
Iowa-Illinois'  Rate  Schedule  FPC  No.  35. 
Iowa-Illinois  states  that  the  Facilities 
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Schedule  No.  1  is  being  terminated  by 
mutual  agreement  of  Iowa-Qlinois  and 
Com  Belt  pursuant  to  an  amendment 
entered  into  on  June  8, 1992  to  Facilities 
Schedule  No.  1. 

Iowa-Ulinoi8  states  that  it  has  built 
and  rearranged  its  transmission  and 
distribution  facilities  for  service  to  its 
customers  heretofore  served  under 
Facilities  Schedule  No.  1  such  that 
interconnection  with  Com  Belt  under 
Facilities  Schedule  No.  1  is  no  longer 
needed.  In  addition,  Iowa-Illinois  states 
that  an  ice  storm  on  October  31, 1991 
caused  substantial  damage  and  physical 
disconnection  of  the  interconnection 
provided  by  Facilities  Schedule  No.  1  as 
well  as  substantial  damage  to  Iowa- 
Illinois’  transmission  line  serving  the 
interconnection. 

It  is  further  stated  that  the  termination 
of  Facilities  Schedule  No.  1  does  not 
affect  either  the  Facilities  Agreement  of 
October  29, 1973,  nor  does  it  affect  other 
Facilities  Schedules  entered  into  by 
Iowa-Illinois  and  Com  Belt  under  die 
Facilities  Agreement.  Iowa-Illinois  also 
states  that  no  person  other  than  Iowa- 
Illinois  and  Com  Belt  will  be  affected  by 
the  termination. 

Iowa-Illinois  proposes  to  make  the 
termination  effective  retroactively  on 
October  31, 1991  and  requests  the 
Commission  to  waive  the  sixty  (60)  day 
notice  requirement  of  18  CFR  35.15 
based  on  the  circumstances  stated  for 
the  termination. 

Comment  date:  September  17, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

6.  Commonwealth  Edison  Co. 

[Docket  No.  ER92-409-000] 

September  3, 1992. 

On  March  26, 1992,  Commonwealth 
Edison  Company  (Edison)  tendered  for 
filing  Amendment  No.  2,  dated  October 
21, 1991,  to  the  Electric  Coordination 
Agreement  (ECA),  dated  December  31, 
1988,  between  Edison  and  the  Village  of 
Winnetka,  Illinois  (Village).  Take  notice 
that  on  August  26, 1992,  Edison  filed 
addition  information  regarding 
Amendment  No.  2  in  response  to  an 
informal  request  from  the  Commission's 
Staff. 

Copies  of  this  filing  were  served  upon 
the  Village  and  the  Illinois  Commerce 
Commission. 

Comment  date:  September  17, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

7.  Fitchburg  Gas  and  Electric  Light  Co. 
[Docket  No.  ER92-790-000] 

September  3, 1992. 

Take  notice  that  on  August  20, 1992, 
Fitchburg  Gas  and  Electric  Light 


Company  (Fitchburg)  tendered  for  filing 
with  the  Commission  a  Transmission 
Service  Agreement  (Agreement) 
hetween  Fitchburg  and  KES 
FITCHBURG,  L.P.  (KES).  Under  the 
Agreement,  Fitchburg  will  wheel  certain 
amounts  of  capacity  for  KES  over  its 
transmission  system.  KES  and  Fitchburg 
have  agreed  to  all  of  the  terms  and 
conditions  of  the  Agreement,  including 
the  transmission  service  charge. 

Fitchburg  requests  that  the  Agreement 
be  made  effective  as  of  September  1, 
1992,  and  accordingly,  requests  waiver 
of  the  Commission’s  notice  requirements 
for  good  cause  shown.  Fitchburg  further 
states  that  copies  of  the  filing  were 
served  on  KES  and  the  appropriate  state 
commission. 

Comment  date :  September  17, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

8.  Central  Vermont  Public  Service  Corp. 
[Docket  No.  ER92-807-000] 

September  4, 1992. 

Take  notice  that  Central  Vermont 
Public  Service  Corporation  (Central 
Vermont)  on  August  31, 1992  tendered 
for  filing  54  Service  Agreements  which 
provide  for  service  pursuant  to  Central 
Vermont’s  FERC  Electric  Tariff  No.  5. 

To  the  extent  necessary  to  allow  for 
the  sale  of  power  pursuant  to  the 
Service  Agreements  commencing 
October  31, 1992,  Central  Vermont 
requests  that  the  Commission  waive  its 
notice  requirements.  In  support  of  its 
requests  Central  Vermont  states  that  the 
winter  power  period  commences 
November  1, 1992.  Allowing  the  Service 
Agreements  to  become  effective  as 
provided  will  enable  the  Company  and 
its  customers  to  achieve  mutual  benefits 
by  allowing  the  sale  and  purchase  for 
the  upcoming  winter  power  period. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

9.  Pennsylvania  Power  &  Light  Co. 
[Docket  No.  ER92-793-000] 

September  4, 1992. 

Take  notice  that  Pennsylvania  Power 
&  Light  Company  (PP&L)  on  August  25, 
1992,  tendered  for  filing  an  executed 
Transmission  Service  Agreement  dated 
as  of  January  28, 1992  (Agreement), 
between  PP&L  and  Northampton 
Generating  Company,  LP.  (NGC).  The 
Agreement  sets  forth  the  terms  and 
conditions  under  which  the  Company 
will  transmit  electric  output  from  NGC’s 
proposed  cogeneration  facility  to  be 
located  in  the  Borough  of  Northampton, 
Northampton  County,  Pennsylvania  to 
the  Metropolitan  Edison  Company  (Met 
Ed). 


The  agreement  provides  for  a  charge 
of  $.86  per  KW  per  month,  PP&L’s 
standard  wheeling  rate  for  service  at  138 
kV.  These  charges  were  developed 
utilizing  Period  II 1991  data  from  PP&L’s 
wholesale  rate  filing  at  Pennsylvania 
Power  &  Light  Co.,  Docket  No.  ER91- 
322-000.  A  Settlement  Agreement  filed 
September  4, 1991  in  that  docket  was 
approved  by  the  Commission  by  letter 
order  dated  December  3, 1991. 

PP&L  states  that  a  copy  of  its  filing 
was  served  on  NGC  and  the 
Pennsylvania  Public  Utility  Commission. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

10.  Minnesota  Power  &  Light  Co. 

[Docket  No.  ER92-805-000] 

September  4, 1992. 

Take  notice  that  on  August  28, 1992, 
Minnesota  Power  &  Light  Company 
(Minnesota  Power)  tendered  for  filing  a 
Notice  of  Cancellation  for  replacement 
capacity  and  energy  service  to 
Wisconsin  Public  Power.  Inc.  SYSTEM 
(WPP1)  under  the  Boswell  4  Operation, 
Ownership  and  Power  Sales  Agreement, 
Rate  Schedule  FERC  No.  158,  in 
accordance  with  Amendment  No.  1  to 
that  Agreement. 

Minnesota  Power  requests  an 
effective  date  of  September  1, 1992,  and 
requests  waiver  of  the  notice  provisions 
of  Section  35.15  of  the  Commission’s 
regulations. 

Copies  of  this  filing  have  been  served 
on  WPPI,  the  Minnesota  Public  Utilities 
Commission  and  the  Wisconsin  Public 
Service  Commission. 

Comment  date:  September  18, 19921,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

11.  The  Montana  Power  Co. 

[Docket  No.  ER92-808-000] 

September  4, 1992. 

Take  notice  that  on  August  31, 1992, 
The  Montana  Power  Company 
(Montana)  tendered  for  filing  with  the 
Federal  Energy  Regulatory  Commission 
pursuant  to  18  CFR  35.13  a  Form  of 
Service  Agreement  signed  by  Bonneville 
Power  Administration  under  FERC 
Electric  Tariff,  2nd  Revised  Volume  No. 

1  (M-l  Tariff),  as  well  as  a  revised 
Index  of  Purchasers  under  said  Tariff. 
Montana  requests  that  the  Commission 
(a)  accept  the  Form  of  Service 
Agreement  for  filing,  to  be  effective 
September  8, 1992;  and  (b)  grant  a 
waiver  of  notice  pursuant  to  18  CFR 
35.11,  so  as  to  allow  the  filing  of  the 
Agreement  less  than  60  days  prior  to  the 
date  on  which  service  under  the 
Agreement  is  to  commence. 
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A  copy  of  the  filing  was  served  upon  • 
Bonneville  Power  Administration. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

12.  Green  Mountain  Power  Corp. 

[Docket  No.  ER92-803-000] 

September  4, 1992. 

Take  notice  that  on  August  28, 1992, 
Green  Mountain  Power  Corporation 
(GMP)  tendered  for  filing  a  Sales 
Agreement  between  GMP  and  the 
Village  of  Ludlow,  Vermont  (Ludlow).  In 
this  Agreement,  GMP  will  sell  and 
Ludlow  will  purchase  varying  amounts 
of  unit  peaking  capacity  and  associated 
energy  from  designated  peaking  units 
and  firm  capacity  and  energy  from 
GMP’s  system. 

Comment  date:  September  18, 1902,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

13.  Portland  General  Electric  Co. 

[Docket  No.  ER92-800-000) 

September  4, 1992. 

Take  notice  that  Portland  General 
Electric  Company  (PGE),  on  August  27, 
1992,  tendered  for  filing  its  Average 
System  Cost  (ASC)  as  calculated  by 
PGE  and  determined  by  the  Bonneville 
Power  Administration  under  the  revised 
ASC  Methodology.  This  filing  includes 
the  revised  Appendix  1  to  the 
Residential  Purchase  and  Sale 
Agreement. 

The  Bonneville  Power  Administration 
determined  the  ASC  rate  for  PGE  to  be 
34.91  mills/kWh,  effective  January  1, 
1992.  PGE  does  not  dispute  the 
determination. 

Copies  of  the  filing  have  been  served 
on  the  persons  named  in  the  transmittal 
letter  as  included  in  the  filing. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

14.  Allegheny  Power  Service  Corp.  on 
Behalf  of  West  Penn  Power  Co. 
Monongahela  Power  Co.  and  Duquesne 
Light  Co. 

[Docket  No.  ER92-801-000j 
September  4, 1992. 

Take  notice  that  on  August  27, 1992, 
West  Penn  Power  Company  (West 
Penn),  Monongahela  Power  Company 
(Monongahela),  and  Duquesne  light 
Company  (Duquesne),  filed  a  Rate 
Schedule  Supplement  to  the 
Transmission  Agreement  dated  March 
15, 1967.  The  parties  to  the  Agreement 
request  that  Schedule  V  be  revised  to 
allow  actual  rates  to  be  incorporated  to 
cover  all  Federal  and  state  taxes 
incurred  in  the  cost  of  facilities  for  the 
transmission  of  energy. 


Copies  of  the  filing  were  served  upon 
the  public  utility's  relevant  state  public 
regulatory  commissions. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

15.  The  Cincinnati  Gas  &  Electric  Co. 
(Docket  No.  ER92-804-000] 

September  4, 1992. 

Take  notice  that  on  August  28, 1992, 
The  Cincinnati  Gas  &  Electric  Company 
(CG&E),  on  behalf  of  itself  and  Ohio 
Valley  Electric  Corporation  (OVEC), 
tendered  for  filing  a  Facility  Agreement, 
dated  as  of  May  1, 1992,  between  CG&E 
and  OVEC.  The  Fapility  Agreement 
establishes  an  additional 
interconnection  between  the  two 
companies. 

CG&E  and  OVEC  request  an  effective 
date  sixty  days  following  the  submission 
of  this  filing. 

Copies  of  the  filing  were  served  on  the 
Public  Service  Commission  of  Kentucky, 
the  Ohio  Public  Utilities  Commission 
and  the  Utility  Regulatory  Commission 
of  Indiana. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

16.  Ohio  Valley  Electric  Corp. 

[Docket  No.  ER92-25&-000]  . 

September  4, 1992. 

Take  notice  that  on  August  28, 1992, 
Ohio  Valley  Electric  Corporation 
(OVEC)  tendered  for  filing  a 
modification  ("Mod.  No.  2")  to  a 
Transmission  Agreement  between 
Louisville  Gas  and  Electric  Cdmpany 
(“Louisville”)  and  OVEC,  along  with  its 
wholly-owned  subsidiary,  Indiana- 
Kentucky  Electric  Corporation,  (together 
"Transmitting  Companies").  Such 
Transmission  Agreement  was  filed  and 
is  under  consideration  in  the  pending 
proceeding  referenced  above. 

Mod.  No.  2  re-establishes  the 
originally  proposed  rate  at  which 
Transmitting  Companies  would,  under 
the  Transmission  Agreement,  supply  to 
Louisville  transmission  service  over 
Transmitting  Companies'  facilities. 

Copies  of  this  amendment  to  OVECs 
filings  were  served  upon  all  parties  on 
the  official  service  list  for  this 
proceeding.  Copies  were  also  served 
upon  Louisville,  the  Public  Service 
Commission  of  Kentucky  and  Indiana 
Michigan  Power  Company. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 


17.  Interstate  Power  Co. 

[Docket  No.  ER92-802-000] 

September  4, 1992. 

Take  notice  that  on  August  28. 1992, 
Interstate  Power  Company  (IPW) 
tendered  for  filing  Amendment  No.  1  to 
Amendment  Nos.  3  and  4  to  the  Electric 
Service  Agreement  between  the 
Municipal  Light  and  Water  Department 
Board  of  Trustees  of  the  City  of  Bellevue 
and  Company.  This  amendment  deletes 
the  phrases,  “retroactive  to  May  1st" 
and  "retroactive  to  July  1st,"  from 
Amendment  Nos.  3  and  4,  respectively. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

18.  PSI  Energy,  Inc. 

[Docket  No.  ER92-653-000] 

September  4. 1992. 

Take  notice  that  PSI  Energy,  Inc.  (PSI) 
and  Indianapolis  Power  &  Light 
Company  (IP&L)  on  August  28, 1992, 
tendered  for  filing  amended  Service 
Schedules  to  the  FERC  Filing  in  Docket 
No.  ER92-653-000  per  a  FERC  Staff 
request 

Service  Schedules  A — Emergency 
Service,  B — Interchange  Energy  and  C — 
Short  Term  Power  and  Energy  have 
been  revised. 

PSI  and  IP&L  have  requested  that  the 
original  effective  date  of  July  1, 1992 
remain  unchanged. 

Copies  of  the  filing  were  served  on 
Indianapolis  Power  and  Light  Company 
and  the  Indiana  Utility  Regulatory 
Commission. 

Comment  date:  September  18, 1992,  in 
accordance  with  Standard  Paragraph  E 
at  the  end  of  this  notice. 

Standard  Paragraphs 

E.  Any  person  desiring  to  be  heard  or 
to  protest  said  filing  should  file  a  motion 
to  intervene  or  protest  with  the  Federal 
Energy  Regulatory  Commission,  825 
North  Capitol  Street,  NE.,  Washington, 
DC  20428,  in  accordance  with  Rules  211 
and  214  of  the  Commission’s  Rules  of 
Practice  and  Procedure  (18  CFR  385.211 
and  385.214).  All  such  motions  or 
protests  should  be  filed  on  or  before  the 
comment  date.  Protests  will  be 
considered  by  the  Commission  in 
determining  the  appropriate  action  to  be 
taken,  but  will  not  serve  to  make 
protestants  parties  to  the  proceeding. 
Any  person  wishing  to  become  a  party 
must  file  a  motion  to  intervene.  Copies 
of  this  filing  are  on  file  with  the 
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Commission  and  are  available  for  public 
inspection. 

Lois  D.  Cashell, 

Secretary. 

[FR  Doc.  92-22034  Filed  9-11-92;  8:45  am) 
BILLING  CODE  6717-OVM 


Office  of  Energy  Research 

Special  Research  Grant  Program 
Notice  92-16:  Health  Effects  Research 

AGENCY:  Department  of  Energy  (DOE). 
ACTION:  Notice  inviting  grant 
applications — Extension. 

Summary:  On  April  23, 1992,  at  57  FR 
14833,  the  Office  of  Health  and 
Environmental  Research  (OHER)  of  the 
Office  of  Energy  Research  (ER),  U.S. 
Department  of  Energy,  published  in  the 
Federal  Register  a  notice  announcing  its 
interest  in  receiving  applications  in  the 
following  three  areas:  (1)  DNA  repair;  (2) 
cellular  and  molecular  mechanisms  of 
carcinogenesis  (especially  those  using 
human  cell  systems);  and  (3)  low  dose 
studies,  <10cGy,  that  will  improve  our 
understanding  of  the  dose  effect 
relationships  at  low  doses.  Today's 
notice  extends  the  formal  application 
submission  date  on  Notice  92-16  to 
January  25, 1993,  4:30  p.m.  EST,  to  be 
accepted  fca  merit  review  in  April  1993 
and  to  permit  timely  consideration  for 
award  in  Fiscal  Year  1993. 

dates:  Formal  applications  submitted  in 
response  to  this  Notice  must  be  received 
by  4:30  p.m.,  E.S.T.,  January  25, 1993,  to 
be  accepted  for  merit  review  in  May 
1993  and  to  permit  timely  consideration 
for  award  in  Fiscal  Year  1993. 

ADDRESSES:  Formal  applications 
referencing  Program  Notice  92-16  should 
be  forwarded  to:  U.S.  Department  of 
Energy,  Office  of  Energy  Research, 
Acquisition  and  Assistance 
Management  Division,  ER-64, 
Washington,  DC  20585,  Attn:  Program 
Notice  92-16.  The  following  address 
must  be  used  when  submitting 
applications  by  U.S.  Postal  Service 
Express,  any  commercial  mail  delivery 
service,  or  when  handcarried  by  the 
applicant:  U.S.  Department  of  Energy, 
Acquisition  and  Assistance 
Management  Division,  ER-64, 19901 
Germantown  Road,  Germantown,  MD 
20874. 

FOR  FURTHER  INFORMATION  CONTACT: 

Dr.  Marvin  E.  Frazier,  Office  of  Health 
and  Environmental  Research,  ER-74 
(GTN),  Office  of  Energy  Research,  U.S. 
Department  of  Energy,  Washington,  DC 
20585,  (301)  903-5364. 


Issued  in  Washington,  DC  on  September  1, 
1992. 

D.D.  Mayhew, 

Deputy  Director  for  Management  Office  of 
Energy  Research. 

[FR  Doc.  92-22131  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  6450-0 1-M 


Federal  Energy  Regulatory 
Commission 

[Docket  Nos.  CP92-682-000,  et  at.] 

ANR  Pipeline  Company,  et  aL; 

Natural  Gas  Certificate  Filings 

Take  notice  that  the  following  filings 
have  been  made  with  the  Commission: 

1.  ANR  Pipeline  Co. 

(Docket  No.  CP92-682-000) 

September  2, 1992. 

Take  notice  that  on  August  28, 1992, 
ANR  Pipeline  Company  (ANR),  500 
Renaissance  Center,  Detroit,  Michigan 
48243,  filed  in  Docket  No.  CP92-682-000 
a  request  pursuant  to  §  5  157.205  and 

157.211  of  the  Commission’s  Regulations 
under  the  Natural  Gas  Act  (18  CFR 
157.205  and  157.211)  for  authorization  to 
operate  facilities  soon  to  be  constructed 
pursuant  to  section  311  of  the  Natural 
Gas  Policy  Act  of  1978  for  delivery  to 
Wisconsin  Power  &  Light  company 
(WPL),  an  existing  customer,  under  its 
blanket  certificate  issued  in  Docket  No. 
CP82-480-000,  pursuant  to  section  7(c) 
of  the  Natural  Gas  Act,  all  as  more  fully 
set  forth  in  the  request  which  is  on  file 
with  the  Commission  and  open  to  public 
inspection. 

ANR  states  that  pursuant  to  a  request 
from  WPL  for  a  new  interconnection 
between  ANR’s  natural  gas  transmission 
system  and  WPL’s  natural  gas 
distribution  system,  ANR  submitted  its 
notification  of  construction  of  section 
311  facilities  to  the  Commission  on 
August  27, 1992,  pursuant  to  $  284.11(b) 
of  the  Commission’s  Regulations.  It  is 
stated  that  the  new  interconnection,' 
referred  to  as  the  Central  Fond  du  Lac 
Meter  Station,  located  in  Fond  du  Lac 
County,  Wisconsin  would  cost  an 
estimated  $890,000.  ANR  states  that 
WPL  has  requested  the  new  delivery 
point  to  enhance  the  operational 
flexibility  and  reliability  on  its 
distribution  system  in  order  to  serve 
peaking  turbines  used  in  power 
generation. 

ANR  states  that  it  would  provide 
delivery  to  WPL,  within  its  existing 
authorized  sales  entitlements,  pursuant 
to  Rate  Schedule  CD-I  of  ANR’s  tariff  or 
pursuant  to  the  restructured  interim 
sales  program  as  contained  in  ANR's 


acceptance  filing  of  the  Commission’s 
order  of  August  5, 1992,  in  Docket  No. 
RP89-181,  et  a/.  ANR  also  requests  as 
part  of  this  application,  any  necessary 
waivers  of  its  currently  effective  or 
interim  tariff  provisions  or  service 
agreements  in  order  to  effectuate  its 
request.  ANR  states  that  the 
certification  of  this  interconnection 
would  not  change  WPL’s  current  peak 
day  and  annual  entitlements,  so  that  the 
service  would  not  impact  on  the  total 
quantities  ANR  is  currently  authorized 
to  well  WPL 

It  is  stated  that  certification  of  the 
proposed  facility  would  have  no  adverse 
impact  on  the  peak  day  and  annual 
entitlements  of  any  of  ANR’s  existing 
customers.  It  is  also  stated  that 
deliveries  through  the  meter  would  be 
within  WPL’s  existing  authorized  sales 
entitlements. 

Comment  date:  October  19, 1992,  in 
accordance  with  Standard  Paragraph  G 
at  the  end  of  this  notice. 

2.  ANR  Pipeline  Co. 

(Docket  No.  CP92-675-000] 

September  3, 1992. 

Take  notice  that  on  August  27, 1992, 
ANR  Pipeline  Company  (ANR),  500 
Renaissance  Center,  Detroit,  Michigan 
48243,  filed  in  Docket  No.  CP92-675-000 
a  request  pursuant  to  §  157.205  and 

157.211  of  the  Regulations  under  the 
Natural  Gas  Act  for  authorization  to 
operate  certain  facilities  soon  to  be 
constructed  pursuant  to  section  311  of 
the  Natural  Gas  Policy  Act  in  Florence 
County,  Wisconsin,  all  as  more  fully  set 
forth  in  the  request  with  the  Commission 
and  open  to  public  inspection. 

ANR  states  that  it  intends  to  construct 
a  meter  station,  consisting  of  two  2-inch 
diameter  meters,  adjacent  to  its  existing 
pipeline  system  in  Florence  County, 
Wisconsin,  pursuant  to  section  311  of 
the  Natural  Gas  Policy  Act.  ANR 
estimates  the  cost  of  these  facilities  will 
be  $132,000.  ANR  proposes,  herein,  to 
operate  these  facilities. 

Comment  date:  October  19, 1992,  in 
accordance  with  Standard  Paragraph  G 
at  the  end  of  this  notice. 

ANR  Pipeline  Co. 

[Docket  No.  CP92-666-000] 

September  3, 1992. 

Take  notice  that  on  August  21, 1992, 
ANR  Pipeline  Company  (ANR),  500 
Renaissance  Center,  Detroit,  Michigan 
48243,  filed  in  Docket  No.  CP92-666-000, 
a  request  pursuant  to  §§  157.205  and 

157.212  of  the  Commission’s  Regulations 
under  the  Natural  Gas  Act  (18  CFR 
157.205  and  157.212)  for  authorization 
pursuant  to  the  provisions  of  $  157.212 
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regarding  prior  notice  requests  for 
changes  at  an  existing  delivery  point 
and  construction  and  operation  of  any 
appurtenant  facilities,  to  operate  under 
the  provisions  of  section  7  of  the  NGA, 
facilities  which  are  soon  to  be 
constructed  pursuant  to  section  311  of 
the  Natural  Gas  Policy  Act  of  1978  for 
delivery  of  natural  gas  to  an  existing 
customer,  Wisconsin  Natural  Gas 
Company  (WN).  ANR  also  requests 
authority  to  construct  an 
interconnection  within  ANR’s  Rochester 
Meter  site,  between  the  section  311 
facilities  (after  those  facilities  have  been 
certificated  as  section  7  facilities 
pursuant  to  this  request)  and  existing 
metering  facilities,  all  as  more  fully  set 
forth  in  the  request  on  file  with  the 
Commission  and  open  for  public 
inspection. 

ANR  states  that  it  is  also  requesting 
any  necessary  waivers  of  its  currently 
effective  or  interim  tariff  provisions  or 
service  agreements  in  order  to  effectuate 
this  request.  ANR  further  states  that  the 
volumes  proposed  for  delivery  to  WN  at 
the  Rochester  Meter  Station  are  within 
WN’s  current  peak  day  and  annual 
entitlements  under  that  service  pursuant 
to  Rate  Schedule  CD-I  of  ANR’s  FERC 
Gas  Tariff,  Original  Volume  No.  1.  ANR 
also  states  that  the  authorization  to 
operate  these  facilities  under  the 
provisions  of  section  7  of  the  Natural 
Gas  Act,  and  the  authorization  to 
construct  the  interconnect  will  not 
impact  ANR’s  gas  supply  situation  and 
that  deliveries  of  natural  gas  at  these 
points  can  be  made  without  detriment  or 
disadvantage  to  any  existing  customer. 

Comment  date:  October  19, 1992,  in 
accordance  with  Standard  Paragraph  G 
at  the  end  of  this  notice. 

Kentucky  West  Virginia  Gas  Co.; 
Columbia  Gas  Transmission  Corp.;  The 
Inland  Gas  Co. 

(Docket  No.  CP92-639-000] 

September  4, 1992. 

Take  notice  that  on  August  7, 1992, 
Kentucky  West  Virginia  Gas  Company 
(Kentucky  West),  3500  Park  Lane, 
Pittsburgh,  Pennsylvania  15275, 
Columbia  Gas  Transmission 
Corporation  (Columbia  Gas),  P.O.  Box 
1273,  Charleston,  West  Virginia  25325- 
1273,  and  The  Inland  Gas  Company 
(Inland),  P.O.  Box  1180,  Ashland, 
Kentucky  41105-1180,  jointly  filed  in 
Docket  No.  CP92-639-000  an  application 
pursuant  to  section  7(b)  of  the  Natural 
Gas  Act  for  authorization  to  abandon 
three  authorized  exchange  services,  all 
as  more  fully  set  forth  in  the  application 
which  is  on  file  with  the  Commission 
and  open  to  public  inspection. 


It  is  indicated  that  as  part  of  a 
stipulation  and  agreement  between 
Kentucky  West  and  Columbia,  filed  in 
Docket  No.  TQ89-1-46-040,  et  al, 
Kentucky  West,  Columbia  Gas  and 
Inland  have  agreed  to  terminate  these 
exchanges  on  file  as  Kentucky  West’s 
Rate  Schedules  X-l,  X-2  and  X-3, 
effective  as  of  the  earlier  of  February  28, 
1993,  or  the  date  that  Columbia  Gas 
rejects  the  gas  supply  contracts 
underlying  such  exchange  agreements.  It 
is  also  indicated  that  the  exchange 
agreements  would  only  be  effective  in 
the  interim  period  so  as  to  permit  the 
exchange  of  gas  which  is  purchased  at 
the  wellhead  by  Columbia  Gas  and 
becomes  part  of  Columbia  Gas’  system 
supply  for  the  1992-93  heating  season. 

Comment  date:  September  25, 1992,  in 
accordance  with  Standard  Paragraph  F 
at  the  end  of  this  notice. 

5.  Alabama -Tennessee  Natural  Gas  Co. 
[Docket  No.  CP92-678-000] 

September  4, 1992. 

Take  notice  that  on  August  28, 1992, 
Alabama-Tennessee  Natural  Gas 
Company  (Alabama-Tennessee),  Post 
Office  Box  918,  Florence,  Alabama 
35631,  filed  in  Docket  No.  CP92-678-000 
a  request  pursuant  to  §  157.205  of  the 
Commission’s  Regulations  under  the 
Natural  Gas  Act  (18  CFR  157.205)  for 
authorization  to  construct  and  operate  2 
delivery  points  for  service  to  North 
Alabama  Gas  District  (NAGD)  and 
North  Mississippi  Gas  Corporation 
(NMGC),  under  Alabama-Tennessee’s 
blanket  certificate  issued  in  Docket  No. 
CP 85-359-000,  all  as  more  fully 
described  in  the  request  which  is  on  file 
with  the  Commission  and  open  to  public 
inspection. 

Alabama-Tennessee  proposes  to 
construct  and  operate  the  facilities  for 
the  delivery  of  natural  gas  to  NAGD  in 
Colbert  County,  Alabama,  and  to  NMGC 
in  Tishomingo  County,  Mississippi.  It  is 
stated  that  both  NAGD  and  NMGC  are 
existing  local  distribution  company 
customers  of  Alabama-Tennessee.  It  is 
stated  that  Alabama-Tennessee  would 
deliver  gas  to  NAGD  and  to  NMGC 
under  existing  sales  and  transportation 
agreements.  It  is  asserted  that  deliveries 
through  the  proposed  facilities  would 
not  exceed  presently  authorized  levels. 

It  is  further  asserted  that  deliveries  can 
be  accomplished  without  detriment  or 
disadvantage  to  Alabama-Tennessee’s 
other  customers.  It  is  explained  that 
both  customers  have  requested  the 
additional  delivery  points  to  serve 
changing  system  needs. 

Alabama-Tennessee  requests  a 
limited  waiver  of  §  17.3  of  the  General 
Terms  and  Conditions  of  its  FERC  Gas 


Tariff,  First  Revised  Volume  No.  1,  to 
permit  the  additional  delivery  point  for 
NMGC  without  executing  a  new  service 
agreement. 

Comment  date:  October  19, 1992,  in 
accordance  with  Standard  Paragraph  G 
at  the  end  of  this  notice. 

6.  CNG  Transmission  Corp. 

(Docket  No.  CP92-681-000] 

September  4, 1992. 

Take  notice  that  on  August  28, 1992, 
CNG  Transmission  Corporation  (CNG), 
445  West  Main  Street,  Clarksburg,  West 
Virginia  26301,  filed  in  Docket  No.  CP92- 
681-000,  a  request  pursuant  to 
§§  157.205  and  157.211  of  the 
Commission’s  Regulations  under  the 
Natural  Gas  Act.  to  construct  a  new 
sales  tap  and  appurtenant  facilities  to 
serve  as  a  new  delivery  point  to  Hope 
Gas,  Inc.  (Hope  Gas),  a  local  distribution 
company  and  affiliate  of  CNG,  as  more 
fully  set  forth  in  the  request  which  is  on 
file  with  the  Commission  and  open  to 
public  inspection. 

Hope  Gas  asserts  that  it  will  install 
small  commercial  meter  and  regulation 
(M&R)  equipment  to  servq  the  new 
Ritchie  County  Middle/High  School 
currently  under  construction  and  that 
the  new  sales  tap  will  be  off  its  20-inch 
TL-345  pipeline  near  Ellenboro,  Ritchie 
County,  West  Virginia.  Also,  CNG 
indicates  that  the  new  tap  will  serve  the 
new  school  with  CNG’s  system  supply. 
Cost  of  the  installation  is  estimated  to 
be  $5,000. 

Hope  Gas  estimates  that  the 
maximum  design  capacity  of  the  2-inch 
tap  and  the  M  &  R  equipment  will  be  165 
Mcf  per  hour  or  384  Mcf  per  day. 

Comment  date:  October  19, 1992,  in 
accordance  with  Standard  Paragraph  G 
at  the  end  of  this  notice. 

7.  Columbia  Gas  Transmission  Corp.  and 
die  Inland  Gas  Co.,  Inc. 

(Docket  No.  CP92-688-000] 

September  4, 1992. 

Take  notice  that  on  September  1, 1992, 
Columbia  Gas  Transmission 
Corporation  (Columbia),  P.O.  Box  1273, 
Charleston,  West  Virginia  25325-1273, 
and  The  Inland  Gas  Company,  Inc. 
(Inland),  P.O.  Box  1180,  Ashland, 
Kentucky  41105-1180,  filed  in  Docket 
No.  CP92-688-000  an  application 
pursuant  to  Section  7(b)  of  the  Natural 
Gas  Act  for  an  order  granting 
permission  and  approval  to  abandon  a 
transportation  and  exchange  service  for 
up  to  15,000  Mcf  of  natural  gas  per  day 
(Mcfd)  provided  by  Columbia  under  its 
Rate  Schedule  X-10  and  by  Inland  under 
its  Rate  Schedule  X-l,  all  as  more  fully 
set  forth  in  the  application  which  is  on 
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file  with  the  Commission  and  open  to 
public  inspection. 

It  is  stated  that  the  transportation  and 
exchange  service  was  previously 
authorized  in  Docket  No.  CP77-82,  57 
FPC 1571  (1978).  Columbia  and  Inland 
state  that  they  used  this  service  to 
transport  Inland's  Appalachian 
produced  and  purchased  volumes  from 
the  southern  portion  of  Inland's  system 
to  Inland’s  market  area  in  Northern 
Kentucky.  As  a  result  of  Inland’s 
declining  sales  volumes  and  the  planned 
abandonment  of  all  of  its  jurisdictional 
facilities  and  services  authorized  in 
Docket  No.  CP92-356-000,  59  FERC  f 
61,370  (1992),  the  parties  state  that  the 
transportation  and  exchange  service  is 
no  longer  needed. 

Columbia  and  Inland  state  that  the 
transportation  and  exchange  agreement 
underlying  Columbia’s  Rate  Schedule  X- 
10  and  Inland’s  Rate  Schedule  X-l 
provides  for  quarterly  balancing  of  the 
exchange.  Therefore,  the  parties  request 
that  any  abandonment  authorization 
issued  provide  Columbia  and  Inland 
with  90  days  within  which  to  balance 
the  exchange. 

Comment  date:  September  25, 1992,  in 
accordance  with  Standard  Paragraph  F 
at  the  end  of  this  notice. 

8.  Williston  Basin  Interstate  Pipeline  Co. 
(Docket  No.  CP92-685-000) 

September  4, 1992. 

Take  notice  that  on  September  1, 1992, 
Williston  Basin  Interstate  Pipeline 
Company  (Williston  Basin),  200  North 
Third  Street,  suite  300,  Bismarck,  North 
Dakota  58501,  filed  in  Docket  No.  CP92- 
685-000  a  request  pursuant  to  §  157.205 
of  the  Commission’s  Regulations  under 
the  Natural  Gas  Act  (18  CFR  157.205)  for 
authorization  to  construct  and  operate  a 
new  delivery  point  tq  accommodate 
deliveries  of  natural  gas  to  Montana- 
Dakota  Utilities  Co.  (Montana-Dakota), 
an  existing  local  distribution  company 
sales  customer,  under  Williston  Basin’s 
blanket  certificate  issued  in  Docket  No. 
CP82-487-000,  et  ah,  pursuant  to  section 
7  of  the  Natural  Gas  Act,  all  as  more 
fully  described  in  the  request  which  is 
on  file  with  the  Commission  and  open  to 
public  inspection. 

Williston  Basin  proposes  to  construct 
and  operate  the  new  delivery  point, 
consisting  of  a  tap  and  appurtenant 
facilities,  to  serve  Montana-Dakota  for 
resale  to  a  compressed  natural  gas 
vehicular  refueling  station  located  in 
Baker,  Montana.  It  is  estimated  that  the 
facilities  would  be  used  for  the  delivery 
of  15  Mcf  of  natural  gas  on  a  peak  day 
and  4,500  Mcf  on  an  annual  basis.  It  is 
asserted  that  these  volumes  would  be 
within  Montana-Dakota's  currently 


authorized  sales  entitlements.  Willistion 
Basin  states  the  cost  of  $512  would  be 
reimbursed  by  Montana-Dakota. 

Comment  date:  October  19, 1992,  in 
accordance  with  Standard  Paragraph  F 
at  the  end  of  this  notice. 

9.  Williams  Natural  Gas  Co. 

[Docket  No.  CP92-683-000) 

September  4, 1992. 

Take  notice  that  on  August  31, 1992, 
Williams  Natural  Gas  Company  (WNG), 
P.O.  Box  3288,  Tulsa,  Oklahoma  74101, 
filed  a  request  with  the  Commission  in 
Docket  No.  CP92-683-000,  pursuant  to 
§§  157.205  and  157.216(b)  of  the 
Regulations  under  the  Natural  Gas  Act 
(NGA)  for  authorization  to  abandon  the 
transportation  of  natural  gas  for  direct 
sale  to  Sitton  Motor  Lines,  Inc.  (Sitton), 
in  Newton  County,  Missouri,  and 
reclaim  the  measuring,  regulating  and 
appurtenant  facilities,  under  the 
authorization  issued  in  Docket  No. 
CP82-479-000  pursuant  to  section  7  of 
the  Natural  Gas  Act,  all  as  more  fully 
set  forth  in  the  request  on  file  with  the 
Commission  and  open  to  public 
inspection. 

WNG  states  that  the  facilities  were 
certificated  at  Docket  No.  CP81-203  and 
Sitton  has  notified  WNG  that  gas 
service  is  no  longer  required  from  WNG 
since  service  is  being  provided  from 
another  source. 

Comment  date:  October  19, 1992,  in 
accordance  with  Standard  Paragraph  G 
at  the  end  of  this  notice. 

Standard  Paragraphs 

F.  Any  person  desiring  to  be  heard  or 
make  any  protest  with  reference  to  said 
file  with  the  Federal  Energy  Regulatory 
Commission,  825  North  Capitol  Street, 
NE.,  Washington,  DC.  20426,  a  motion  to 
intervene  or  a  protest  in  accordance 
with  the  requirements  of  the 
Commission’s  Rules  of  Practice  and 
Procedure  (18  CFR  385.211  and  385.214) 
and  the  Regulations  under  the  Natural 
Gas  Act  (18  CFR  157.10).  All  protests 
filed  with  the  Commission  will  be 
considered  by  it  in  determining  the 
appropriate  action  to  be  taken  but  will 
not  serve  to  make  the  protestants 
parties  to  the  proceeding.  Any  person 
wishing  to  become  a  party  to  a 
proceeding  or  to  participate  as  a  party  in 
any  hearing  therein  must  file  a  motion  to 
intervene  in  accordance  with  the 
Commission’s  Rules. 

Take  further  notice  that,  pursuant  to 
the  authority  contained  in  and  subject  to 
jurisdiction  conferred  upon  the  Federal 
Energy  Regulatory  Commission  by 
sections  7  and  15  of  the  Natural  Gas  Act 
and  the  Commission’s  Rules  of  Practice 
and  Procedure,  a  hearing  will  be  held 


without  further  notice  before  the 
Commission  or  its  designee  on  this  filing 
if  no  motion  to  intervene  is  filed  within 
the  time  required  herein,  if  the 
Commission  on  its  own  review  of  the 
matter  finds  that  a  grant  of  the 
certificate  is  required  by  the  public 
convenience  and  necessity.  If  a  motion 
for  leave  to  intervene  is  timely  filed,  or  if 
the  Commission  on  its  own  motion 
believes  that  a  formal  hearing  is 
required,  further  notice  of  such  hearing 
will  be  duly  given. 

Under  the  procedure  herein  provided 
for,  unless  otherwise  advised,  it  will  be 
unnecessary  for  the  applicant  to  appear 
or  be  represented  at  the  hearing. 

g.  Any  person  or  the  Commission's 
staff  may,  within  45  days  after  the 
issuance  of  the  instant  notice  by  the 
Commission,  file  pursuant  to  Rule  214  of 
the  Commission’s  Procedural  Rules  (18 
CFR  385.214)  a  motion  to  intervene  or 
notice  of  intervention  and  pursuant  to 
§  157.204  of  the  Regulations  under  the 
Natural  Gas  Act  (18  CFR  157.205)  a 
protest  to  the  request.  If  no  protest  is 
filed  within  the  time  allowed  therefore, 
the  proposed  activity  shall  be  deemed  to 
be  authorized  effective  the  day  after  the 
time  allowed  for  filing  a  protest.  If  a 
protest  is  filed  and  not  withdrawn 
within  30  days  after  the  time  allowed  for 
filing  a  protest,  the  instant  request  shall 
be  treated  as  an  application  for 
authorization  pursuant  to  section  7  of 
the  Natural  Gas  Act. 

Lois  D.  Cashell, 

Secretary. 

[FR  Doc.  92-22035  Filed  9-11-92;  8:45  am) 
BILLING  CODE  S717-01-M 


ENVIRONMENTAL  PROTECTION 
AGENCY 

[FRL-4204-8] 

Agency  Information  Collection 
Activities  Under  OMB  Review 

AGENCY:  Environmental  Protection 
Agency  (EPA). 
action:  Notice. 

summary:  In  compliance  with  the 
Paperwork  Reduction  Act  (44  U.S.C. 

3501  et  seq.),  this  notice  announces  that 
the  Information  Collection  Request  (ICR) 
abstracted  below  has  been  forwarded  to 
the  Office  of  Management  and  Budget 
(OMB)  for  review  and  comment.  The 
ICR  describes  the  nature  of  the 
information  collection  and  its  expected 
cost  and  burden. 

DATES:  Comments  must  be  submitted  on 
or  before  October  14, 1992. 
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For  further  information  or  to  obtain  a 
copy  of  this  ICR  contact  Sandy  Fanner 
at  EPA.  (202)  260-2740. 

SUPPLEMENTARY  INFORMATION: 

Office  of  Air  and  Radiation 

Title:  Reporting  and  Recordkeeping 
Requirements  for  the  National  Emission 
Standards  for  Hazardous  Air  Pollutants 
(NESHAP)  Subpart  BB,  for  Benzene 
Transfer  Operations  (ICR  No.  1154.03; 
OMB  No.  2060-0182). 

Abstract  This  ICR  is  for  an  extension 
of  an  existing  information  collection  in 
support  of  the  Clean  Air  Act,  as 
described  under  the  general  NESHAP  at 
40  CFR  part  61.07-6614,  and  the  specific 
NESHAP  for  benzene  emissions  from 
transfer  facilities  at  40  CFR  part  61.300- 
61.305.  The  information  will  be  used  by 
the  EPA  to  direct  monitoring,  inspection, 
and  enforcement  efforts,  thereby 
ensuring  compliance  with  the  NESHAP. 

Under  this  ICR,  owners  or  operators 
of  affected  facilities  must  provide  EPA 
or  the  delegated  authority  with;  (1) 
Notification  of  construction, . 
reconstruction,  or  modification;  (2) 
anticipated  and  actual  dates  of  facility 
start-up;  (3)  notification  of  initial 
emissions  tests  and  results;  (4) 
notification  of  monitoring  system 
performance  evaluations  and  results; 
and  (5)  initial  engineering  reports. 
Existing  facilities,  as  described  at  40 
CFR  61.302,  must  submit  monitoring 
reports  on  a  quarterly  basis.  Transfer 
operations  handling  small  quantities  or 
benzene,  as  described  at  40  CFR 
61.300(b)  and  61.300(d),  are  exempt  from 
reporting  requirements  following  the 
submission  of  an  initial  report  to  EPA 
during  the  first  year  of  operation. 

All  affected  facilities  must  maintain 
records  on  the  facility  operation  that 
document:  (1)  The  occurrence  and 
duration  of  any  start-ups,  shutdowns, 
and  malfunctions;  (2)  initial  emissions 
test  and  monitoring  system  performance 
evaluation  results;  and  (3)  data  on  vapor 
tightness,  control  device  operating 
parameters,  and  other  operating  data 
relevant  for  compliance. 

Presently,  there  are  87  facilities 
subject  to  this  regulation,  6  of  these  area 
exempt  from  reporting  requirements 
beyond  the  first  year.  There  are  no  new 
sources  anticipated  over  the  next  three 
years.  Facility  records  documenting 
vapor  tightness  and  control  device 
parameters  must  be  maintained 
indefinitely,  all  other  records  related  to 
compliance  must  be  maintained  for  two 
years. 

Burden  Statement:  Public  reporting 
burden  for  facilities  subject  to  this 
collection  of  information  is  estimated  to 
average  25 A  hours  per  response 


including  time  for  reviewing 
instructions,  searching  existing  data 
sources,  gathering  and  maintaining  data, 
and  completing  and  reviewing  the 
collection  of  information.  Public 
recordkeeping  burden  is  estimated  to 
average  74.4  hours  annually. 

Respondents:  Owners  or  operators  of 
subject  bulk  transfer  operations. 

Estimated  Number  of  Respondents: 

81. 

Estimated  Number  of  Responses  Per 
Respondent:  4. 

Estimated  Total  Annual  Burden  on 
Respondents:  14,685  hours. 

Frequency  of  Collection:  One-time 
notifications  and  reports  for  new 
facilities;  quarterly  reporting  for  subject 
existing  facilities. 

Send  comments  regarding  the  burden 
estimate,  or  any  other  aspect  of  this 
collection  of  information,  including 
suggestions  for  reducing  the  burden,  to; 
Sandy  Farmer,  U.S.  Environmental 
Protection  Agency,  Information  Policy 
Branch  (PM-223Y),  401  M  Street,  SW. 
Washington,  DC  20460. 
and 

Chris  Wolz,  Office  of  Management  and 
Budget,  Office  of  Information  and 
Regulatory  Affairs,  725 17th  SL,  NW., 
Washington,  DC  20503. 

Dated:  September  3, 1992. 

Paul  Lapsley, 

Director,  Regulatory  Management  Division. 
[FR  Doc.  92-22115  Filed  9-11-92;  8:45  am] 

BILLING  CODE  6560-50-M 


IFRL-4 205-1] 

Notice  of  Cancellation  of  Open 
Meettng  of  the  Federal  Facilities 
Environmental  Restoration  Dialogue 
Committee 

AGENCY:  Environmental  Protection 
Agency. 

ACTION:  FACA  Committee:  Cancellation 
of  Upcoming  Meeting — Federal  Facilities 
Environmental  Restoration  Dialogue 
Committee. 

summary:  Pursuant  to  inextricable 
scheduling  conflicts,  the  previously 
noticed  upcoming  meeting  of  the  Federal 
Facilities  Environmental  Restoration 
Dialogue  Committee,  due  to  be  held  on 
September  15  and  16, 1992,  is  being 
cancelled.  A  second  meeting,  which  was 
also  previously  noticed,  as  required  by 
section  9(a)(2)  of  the  Federal  Advisory 
Committee  Act  (Pub.  L.  92-463),  is  still 
scheduled  to  occur  on  November  17  and 
18, 1992.  The  November,  1992,  meeting  is 
open  to  the  public  without  advance 
registration. 


The  purpose  of  the  meeting  is  to 
discuss  issues  related  to  enhancing  die 
Federal  facilities  environmental 
restoration  process. 

DATES:  The  meeting  which  was  to  be 
held  on  September  15, 1992,  from  9  until 
5  p.m.  and  on  September  16, 1992,  from 
8:30  until  4  p.m.,  is  cancelled.  The  next 
meeting  of  the  Federal  Facilities 
Environmental  Restoration  Dialogue 
Committee  will  be  held  on  November  17, 
1992,  from  9  until  5  p.m.  and  on 
November  18, 1992,  from  8:30  until  4  p.m. 

ADDRESSES:  The  meeting  which  is  being 
cancelled  was  to  have  been  held  at 
Sheraton  Crystal  City,  1800  Jefferson 
Davis  Highway,  Arlington,  VA.  The 
meeting  which  is  being  held  in 
November,  1992,  will  be  held  at  the 
Georgetown  University  Conference 
Center,  3800  Reservoir  Road,  NW., 
Washington,  DC. 

FOR  FURTHER  INFORMATION  CONTACT. 

Persons  needing  further  information  on 
any  aspect  of  the  Federal  Facilities 
Environmental  Restoration  Dialogue 
Committee  should  contact  Nicholas 
Morgan,  Office  of  Federal  Facilities 
Enforcement,  U.S.  EPA  (OE-2261),  401  M 
Street,  SW.,  20460,  (202)  260-1270. 

Dated:  September  9, 1992. 

Nicholas  Morgan, 

Designated  Federal  Official. 

[FR  Doc.  92-22243  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  6560-50-M 


FEDERAL  COMMUNICATIONS 
COMMISSION 

[DA  92-1231] 

Lottery  For  220-222  MHz  Private  Radio 
Land  Mobile  “Local”  Channels 

AGENCY:  Federal  Communications 
Commission. 

ACTION:  Notice. 

summary:  The  Commission  has 
announced  the  date  and  time  for  a 
lottery  to  be  conducted  for  the  purpose 
of  rank  ordering  the  applications 
received  for  “local"  channels  in  the  220- 
222  MHz  band.  In  addition,  a  list  of  the 
applications  that  will  be  the  subject  of 
this  rank  ordering  lottery  will  be  made 
available  for  public  inspection  at 
various  Commission  locations  around 
the  country.  Any  applicant  that  believes 
there  is  an  error  in  this  listing  will  have 
an  opportunity  to  contact  the 
Commission’s  licensing  facility  in 
Gettysburg,  Pennsylvania  and  provide 
corrected  information. 
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ADDRESSES:  Federal  Communications 
Commission,  1919  M  Street  NW., 
Washington,  DC  20554. 

FOR  FURTHER  INFORMATION  CONTACT: 

Marty  Liebman,  Private  Radio  Bureau, 
(202)  634-2443. 

SUPPLEMENTARY  INFORMATION:  The 

Federal  Communications  Commission 
will  conduct  a  lottery  on  October  19, 

1992  at  10:30  a.m.  in  room  856, 1919  M 
St.,  NW.,  Washington,  DC  for  the 
purpose  of  rank  ordering  the 
applications  received  for  “local” 
channels  in  the  220-222  MHz  band. 
Applications  for  these  frequencies  were 
filed  in  response  to  a  Report  and  Order 
adopted  March  14, 1991  ( Report  and 
Order,  PR  Docket  No.  89-552,  FCC  91-74 
(April  17, 1991))  and  subsequently 
summarized  in  the  Federal  Register  (56 
FR  19598  (1991)).  Applications  were 
accepted  by  the  Commission  for  these 
channels  starting  on  May  1, 1991.  Over 
58,000  applications  were  received  by 
May  24, 1991,  at  which  time  the 
Commission  ceased  accepting  any 
further  applications.  Applications  for 
these  frequencies  were  accepted  on  a 
“first  come,  first  served”  basis,  with  all 
applications  received  on  the  same  day 
being  considered  filed  at  the  same  time. 
There  are  more  applications  for  licenses 
than  can  be  accommodated  with 
available  frequencies.  Based  on  an 
initial  analysis  of  the  applications,  it  has 
been  determined  that  there  are  no 
substantial,  material  differences 
between  them  that  necessitate 
comparative  hearings.1  There  are  no 
financial  qualifications  required  for 
applying  for  such  licenses,  and  no 
preferences  will  be  awarded  to  any 
applicant.  Accordingly,  use  of  lotteries 
to  resolve  situations  where  there  are  no 
substantial,  material  differences  in 
applications  and  there  are  more 
applications  than  there  are  available 
frequencies  will  significantly  benefit  the 
public  interest  by  expediting  delivery  of 
the  proposed  services  to  potential  users. 
The  lottery  will  be  conducted  pursuant 
to  authority  contained  in  §  1.972  of  the 
Commission’s  Rules.  The  lottery  to  be 
held  on  October  19, 1992  will  be  for  the 
purpose  of  rank  ordering  all  of  the 
applications  for  “local”  220-222  MHz 
channels  that  were  received  on  the  first 
day  that  they  were  accepted  for  filing, 
i.e.,  May  1, 1991. 

A  listing  of  the  applications  that  will 
be  the  subject  of  this  rank  ordering 
lottery  is  available  for  public  inspection 
during  regular  business  hours  at  the 
following  locations:  (1)  The  Mass 
Media/ Adjudication  Reference  Room  of 
the  Federal  Communications 


1  47  CFR  1.972. 


Commission,  1919  M  Street,  NW,  room 
239,  Washington,  DC  20554;  (2)  the 
Licensing  Division  Reference  Room, 
Private  Radio  Bureau  Licensing  Division, 
1270  Fairfield  Road,  Gettysburg, 
Pennsylvania  17325-7245;  (3)  all  Field 
Locations  of  the  Federal 
Communications  Commission’s  Field 
Operations  Bureau  (see  attachment  for 
Field  Location  addresses);  (4)  the 
Authorization  and  Evaluation  Division 
of  the  Office  of  Engineering  and 
Technology,  7435  Oakland  Mills  Road, 
Columbia,  Maryland  21046;  (5)  the  Field 
Office  of  the  Common  Carrier  Bureau,  90 
Church  Street,  room  1309-X,  New  York, 
New  York  10007;  (6)  The  Public  Services 
Division  of  the  Associate  Managing 
Director  for  Public  Information  and 
References  Services,  1919  M  Street, 

NW.,  room  254,  Washington,  DC  20554; 
and  (7)  The  Federal  Communications 
Commission  Library,  1919  M  Street, 

NW.,  room  639,  Washington,  DC  20554. 

Copies  or  excerpts  of  the  list  of 
applications  may  also  be  purchased 
from  the  Commission’s  duplicating 
contractor:  Downtown  Copy  Center, 

1990  M  Street,  NW.,  suite  640, 
Washington,  DC  20036,  (202)  452-1422. 

The  applications  are  listed  by  service 
requested  and  then  alphabetically  by 
applicant  name.  The  list  also  includes 
the  geographic  coordinates  of  the  station 
applied  for  and  the  file  number 
associated  with  the  application.  It  is  this 
file  number  that  will  be  listed  in  the 
computer  printout  that  provides  the  rank 
ordering  for  all  of  the  applications.  Any 
applicant  that  believes  there  is  an  error 
in  this  listing  should  contact  our 
Gettysburg  licensing  facility  and  provide 
the  correct  information.  Any  proposed 
corrections  will  be  verified  against  the 
information  contained  in  the  applicant’s 
original  application.  Additionally, 
interested  parties  may  provide 
information  to  the  Commission  that  may 
reflect  on  the  suitability  of  an  applicant 
to  be  a  licensee.  Corrections  to  the 
listing  and  information  about  the 
suitability  of  an  applicant  to  be  a 
licensee  must  be  received  within  thirty 
(30)  days  of  the  publication  of  this 
Public  Notice  in  the  Federal  Register  at 
the  following  address  by  4:30  p.m.  e.d.t.: 
Federal  Communications  Commission, 
Private  Radio  Bureau  Licensing  Division, 
Land  Mobile  Branch,  1270  Fairfield  Rd., 
Gettysburg,  PA  17325-7245,  Attn:  220 
MHz  Local  Applications.  Modifications 
to  applications  will  not  be  accepted  at 
this  time.  Only  errors  that  have  arisen  in 
the  preparation  of  this  list  or  matters 
that  reflect  on  the  suitability  of  an 
applicant  to  be  a  licensee  should  be 
brought  to  the  attention  of  our 
Gettysburg  office.  These  applications 


will  then  be  processed  by  our 
Gettysburg  licensing  facility  in  the  order 
in  which  they  were  ranked  by  the  lottery 
in  accordance  with  the  criteria 
established  in  the  March  14, 1992, 

Report  and  Order.  Allegations 
pertaining  to  tentative  selectees  will  be 
investigated  and  resolved  prior  to 
issuance  of  any  license  to  that  applicant; 
however,  processing  of  lower  ranked 
applications  will  continue  during  the 
pendency  of  such  investigation  under 
the  assumption  that  the  licensee  will  be 
granted.  Applications  that  cannot  be 
granted  because  of  conflicts  with  higher 
ranked,  earlier  granted  applications,  will 
be  dismissed.  Allegations  against 
applications  that  have  been  dismissed 
will  not  be  investigated. 

On  July  30, 1992,  certain  aspects  of  the 
Commission’s  procedures  for  filing'and 
acceptance  of  220-222  MHz  license 
applications  were  appealed  to  the 
United  States  Court  of  Appeals  for  the 
District  of  Columbia  Circuit.  See  Evans 
v.  Federal  Communications 
Commission,  No.  92-1317  (D.C.  Cir.  filed 
July  30, 1992).  As  a  result,  we  will 
condition  all  grants  of  220-222  MHz 
licenses  upon  the  outcome  of  this 
appeal.  During  the  pendency  of  the 
appeal,  licensees  may  construct  their 
facilities  at  their  own  risk.  We  will, 
however,  grant  each  220-222  MHz  local 
licensee  an  automatic  extended 
construction  period  of  120  days  from  the 
date  of  this  appeal’s  final  disposition  by 
the  courts,  by  which  time  the  licensed 
facilities  must  be  constructed  and 
placed  in  operation. 

As  announced  in  our  Public  Notice  of 
June  18, 1992  (DA  92-792),  the  rank 
ordering  of  these  applications  will  be 
through  the  use  of  a  computer-assisted 
random  number  selection  process.  The 
computer  program  to  be  employed 
requires  the  input  of  a  "seed  number”  to 
initiate  the  generation  of  numbers.  The 
seed  number  will  be  selected  through 
the  use  of  forced-air  ping  pong  balls  at 
the  beginning  of  the  random  selection 
process  and  will  be  entered  into  the 
computer  program.  The  computer  will 
then  generate  a  series  of  random 
numbers  that  will  be  associated  with  the 
file  number  of  each  application.  During 
the  rank  ordering  session,  the  computer 
will  print  out  the  results  of  the  rank 
ordering  exercise,  which  will  be  made 
available  for  public  inspection.  The 
entire  random  selection  process  will  be 
held  in  the  Commission  Meeting  Room 
and  will  be  open  for  public  viewing. 

For  a  more  complete  discussion  of 
lottery  procedures,  see  FCC  INST  1159.1, 
released  August  13, 1992.  Additional 
information  regarding  the  applicants  for 
this  lottery  session  may  be  obtained 
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from  the  Private  Radio  Bureau’s 
Consumer  Assistance  Branch  at  (717) 
337-1212.  Procedural  questions 
regarding  the  lottery  may  be  directed  to 
Donna  Searcy  at  (202)  632-6410. 

Ralph  A.  Haller, 

Chief,  Private  Radio  Bureau. 

FCC  Office  Addresses 
Alaska 

Anchorage  Office,  Federal  Communications 
Commission,  6721  West  Raspberry  Road. 
Anchorage,  Alaska  99502,  Phone;  (907)  243- 
2153 

* Arizona 1 

Douglas  Office,  Federal  Communications 
Commission,  P.O.  Box  6,  Douglas,  Arizona 
65608,  Phone:  (602)  364-8414 

California 

San  Diego  Office,  Federal  Communications 
Commission,  4542  Ruffner  Street,  Room 
370,  San  Diego,  California  92111-2216, 
Phone:  (619)  467-0549 

’Livermore  Office,  Federal  Communications 
Commission,  P.O.  Box  311,  Livermore, 
California  94551-0311,  Phone:  (510)  447- 
3614 

Ix>8  Angeles  Office,  Federal  Communications 
Commission,  Cerritos  Corporate  Tower, 
Room  660, 18000  Studebaker  Road. 

Cerritos,  California  90701,  Phone:  (310)  809- 
2096 

San  Francisco  Office,  Federal 
Communications  Commission.  3777  Depot 
Road,  Room  420,  Hayward,  California 
94545-2758,  Phone:  (510)  732-9046 

Colorado 

Denver  Office,  Federal  Communications 
Commission,  165  South  Union  Blvd.,  Suite 
860,  Lakewood,  Colorado  80228-2210, 
Phone:  (303)  969-6497 

Florida 

*Vero  Beach  Office,  Federal  Communications 
Commission,  P.O.  Box  1730,  Vero  Beach, 
Florida  32961-1730,  Phone:  (407)  778-3755 
Miami  Office,  Federal  Communications 
Commission,  Rochester  Building,  Room  310, 
8390  NW.  53rd  Street,  Miami,  Florida  33166, 
Phone:  (305)  526-7420 
Tampa  Office,  Federal  Communications 
Commission,  2203  N.  Lois  Avenue,  Room 
1215,  Tampa,  Florida  33607-2358.  Phone: 
(813)  228-2872 

Georgia 

Atlanta  Office,  Federal  Communications 
Commission,  3575  Roger  Blvd,  Roger 
Center-Gwinnett,  Suite  320,  Duluth, 

Georgia  30136,  Phone:  (404)  279-4621 
’Powder  Springs  Office,  Federal 
Communications  Commission.  P.O.  Box  85, 
Powder  Springs,  Georgia  30073,  Phone: 

(404)  943-5420 

Hawaii 

Honolulu  Office,  Federal  Communications 
Commission,  P.O.  Box  1030,  Waipahu, 
Hawaii  96797-1030,  Phone:  (808)  677-3318 


1  Licenses  and  examinations  are  not  available  at 
*  locations 


Illinois 

Chicago  Office,  Federal  Communications 
Commission,  Park  Ridge  Office  Center, 
Room  306, 1550  Northwest  Highway,  Park 
Ridge.  Illinois  60068,  Phone:  (312)  353-0195 

Louisiana 

New  Orleans  Office,  Federal 
Communications  Commission,  800  West 
Commerce  Road,  Room  505,  New  Orleans, 
Louisiana  70123,  Phone:  (504)  589-2095 

Maine 

’Belfast  Office,  Federal  Communications 
Commission,  P.O.  Box  470,  Belfast,  Maine 
04915,  Phone:  (207)  338^088 

Maryland 

Baltimore  Office,  Federal  Communications 
Commission,  1017  Federal  Building,  31 
Hopkins  Plaza,  Baltimore,  Maryland  21201. 
Phone:  (301)  962-2729 

’Laurel  Office,  Federal  Communications 
Commission,  P.O.  Box  250,  Columbia, 
Maryland  21045,  Phone:  (301)  725-3474 

Massachusetts 

Boston  Office,  Federal  Communications 
Commission,  NFPA  Building,  1 
Batterymarch  Park,  Quincy,  Massachusetts 
02169,  Phone:  (617)  779-4023 

Michigan 

’Allegan  Office,  Federal  Communications 
Commission,  P.O.  Box  89,  Allegan. 

Michigan  49010,  Phone:  (616)  673-2063 

Detroit  Office,  Federal  Communications 
Commission,  24897  Hathaway  Street, 
Farmington  Hills,  Michigan  48335-1552, 
Phone:  (313)  226-6078 

Minnesota 

St.  Paul  Office,  Federal  Communications 
Commission,  693  Federal  Bldg.  &  U.S. 
Courthouse,  316  North  Robert  Street,  St. 
Paul,  Minnesota  55101,  Phone:  (612)  290- 
3819 

Missouri 

Ransas  City  Office,  Federal  Communications 
Commission,  Brywood  Office  Tower,  Room 
320,  8800  East  63rd  Street  Ransas  City, 
Missouri  64133,  Phone:  (816)  353-3773 

Nebraska 

’Grand  Island  Office,  Federal 
Communications  Commission,  P.O.  Box 
1588,  Grand  Island,  Nebraska  68802,  Phone: 
(308)  382-4296 

New  York 

Buffalo  Office,  Federal  Communications 
Commission,  111  West  Huron  Street,  Suite 
1307,  Buffalo.  New  York  14202,  Phone:  (716) 
846-4511 

New  York  Office,  Federal  Communications 
Commission,  201  Varick  Street,  New  York, 
New  York  10014-4870,  Phone:  (212)  620- 
3437 

Oregon 

Portland  Office,  Federal  Communications 
Commission,  1782  Federal  Office  Building, 
1220  SW.  Third  Avenue.  Portland,  Oregon 
97204,  Phone:  (503)  320^114 


Pennsylvania 

Philadelphia  Office,  Federal  Communications 
Commission,  One  Oxford  Valley  Office 
Building.  2300  East  Lincoln  Highway,  Room 
494.  Langhome.  Pennsylvania  19047,  Phone: 
(215)  752-1324 

Puerto  Rico 

San  Juan  Office.  Federal  Communications 
Commission.  747  Federal  Building,  Hato 
Rey,  Puerto  Rico  00918-2251,  Phone:  (809) 
766-5567 

Texas 

Dallas  Office,  Federal  Communications 
Commission,  9330  LBJ  Expressway,  Room 
1170,  Dallas,  Texas  75243-3429,  Phone: 

(214)  235-3369 

Houston  Office.  Federal  Communications 
Commission,  1225  North  Loop  West,  Room 
900,  Houston,  Texas  77008,  Phone:  (713) 
861-6200 

’Ringsville  Office,  Federal  Communications 
Commission,  P.O.  Box  632,  Ringsville, 
Texas  78364-0632,  Phone:  (512)  592-2531 

Virginia 

Norfolk  Office,  Federal  Communications 
Commission,  1200  Communications  Circle, 
Virginia  Beach,  Virginia  23455-3725,  Phone: 
(804)  441-6472 

Washington 

’Femdale  Office,  Federal  Communications 
Commission,  1330  Loomis  Trail  Road, 
Custer,  Washington  98240.  Phone:  (206) 
354-4892 

Seattle  Office,  Federal  Communications 
Commission,  11410  NE.  122nd  Way,  Suite 
312,  Rirkland,  Washington  98034,  Phone: 
(206)  821-9037 

[FR  Doc.  92-22205  Filed  9-11-92:  8:45  am) 

BILLING  COOE  6712-01-M 


[DA  91-1195] 

North  American  Datum  Geographical 
Coordinate  System  Tutorial 

AGENCY:  Federal  Communications 

Commission. 

action:  Notice. 

SUMMARY:  By  this  action  the 
Commission  announces  a  tutorial  on  the 
North  American  Datum. 

EFFECTIVE  DATE:  September  1, 1992. 
ADDRESSES:  Federal  Communications 
Commission,  Washington,  DC  20554. 
FOR  FURTHER  INFORMATION  CONTACT. 
Eugene  Cea,  OET,  phone  1  +  (202)  653- 
8151,  or  Jack  Linthicum,  OET,  phone  1  + 
(202)  653-8160. 

SUPPLEMENTARY  INFORMATION:  The 

Office  of  Engineering  and  Technology 
will  present  a  tutorial  on  “The  North 
American  Datum”  on  September  15, 
1992,  at  1:30  p.m.  in  the  Commission 
Meeting  Room,  room  856,  at  1919  M 
Street,  NW.  The  tutorial  will  be 
presented  by  David  R.  Doyle  of  the 


41938 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Notices 


National  Geodetic  Survey;  Dr. 

Muneendra  Kumar  of  the  Defense 
Mapping  Agency;  Richard  Pearsall  of 
the  U.S.  Geological  Survey;  and  Richard 
V.  Powell  of  the  Federal  Aviation 
Administration. 

The  FCC  has  become  involved  with 
the  NAD  83  geographical  coordinate 
system  through  the  coordination  of 
antenna  locations  with  the  Federal 
Aviation  Administration  (FAA).  The 
FAA  is  implementing  an  act  of  Congress 
that  requires  their  use  of  NAD  83 
location  information  after  October  15, 
1992. 

Eventually  all  site  coordinates  in  the 
FCCs  data  bases  will  be  converted  to 
NAD  83  format.  This  tutorial  will  inform 
those  in  the  communications  community 
what  is  required,  what  tools  are 
available  to  implement  the  new 
coordinate  datum  system,  and  what  the 
individual  antenna  owner/operator 
should  do  to  meet  these  requirements. 

Messrs.  Doyle  and  Kumar  will 
address  the  various  facets  of  the  North 
American  Datum  of  1983  (NAD  83)  and 
the  World  Geodetic  System  of  1984 
(WGS  84) — methods  of  accurately 
describing  any  point  on  the  surface  of 
the  Earth.  Messrs.  Doyle  and  Kumar  will 
also  discuss  datum  transformation  and 
distance/bearing  software  that  their 
respective  agencies  have  developed.  Mr. 
Pearsall  will  discuss  the  history  of  NAD 
83,  software  and  graphic  tools  that 
USGS  is  developing  to  make  the  public 
transition  to  NAD  83  efficient.  Mr. 

Powell  will  discuss  why  the  FAA  needs 
to  make  the  change  to  NAD  83;  how  and 
when  FAA’s  data  bases  will  be 
converted  to  NAD  83;  changes  in  FAA 
FORM  7460-1  for  submitting  coordinate 
(latitude/longitude)  data;  conversion  of 
the  various  FAA/NOAA  aeronautical 
products  ( i.e .,  maps,  charts  and  data 

bases)  to  NAD  83;  and  changes  in  the 
FAA  processing  procedures. 

WGS  84  is  a  generalized  model  for  the 
world  while  NAD  83  is  tailored  to  better 
describe  North  America.  NAD  83  is  a 
more  accurate  description  of  the  earth’s 
surface  than  the  system  presently  in  use, 
the  North  American  Datum  of  1927 
(NAD  27).  Both  the  WGS  84  and  NAD  83 
models  have  been  developed  using  the 
more  accurate  measuring  systems 
available  through  satellites,  lasers  and 
computers. 

Federal  Communications  Commission. 

Donna  R.  Searcy, 

Secretary. 

[FR  Doc.  92-21601  Filed  8-11-92;  8:45  am] 

BILLING)  COO€  6712-01-M 


[DA  91-1188] 

North  American  Datum  of  1927; 
Continued  Usage 

AGENCY:  Federal  Communications 

Commission. 

action:  Notice. 

SUMMARY:  By  this  action  the 
Commission  announces  that 
Commission  licensees  are  to  continue  to 
use  geographic  coordinates  besed  on  the 
North  American  Datum  of  1927. 
EFFECTIVE  DATE:  September  1, 1992. 
ADDRESSES:  Federal  Communications 
Commission,  Washington,  DC  20554. 

FOR  FURTHER  INFORMATION  CONTACT: 
Donald  Draper  Campbell,  OET,  telefax 
1  +  (202)  653-8773,  or  phone  l  +  (202) 
653-8113. 

SUPPLEMENTARY  INFORMATION:  This 
public  notice  is  intended  to  provide  a 
background  for  eventual  changes  in 
Commission  rules  and  procedures 
needed  for  a  planned  transition  to 
specifying  geographical  coordinates 
(latitudes/longitudes)  in  terms  of  the 
North  American  Datum  of  1983  (NAD 
83).  This  change  will  in  the  future  affect 
all  Commission  licensees  and  is  a  result 
of  the  Federal  Aviation  Administration’s 
(FAA)  impending  conversion  to  NAD  83 
on  October  15, 1992. 

Background 

In  the  field  of  telecommunications  it  is 
essential  that  the  latitude  and  longitude 
of  antennas  and  towers  be  known  to  a 
high  degree  of  accuracy.  Those 
coordinates  are  used  to  determine 
spacings  between  stations,  determine 
antenna  height  above  average  terrain, 
assess  potential  impact  of  structures  on 
air  safety,  allow  efficient  frequency 
reuse,  and  evaluate  environmental 
effects,  among  other  things.  The  proper 
specification  of  latitude  and  longitude  is 
an  integral  part  of  the  Commission’s 
regulations;  errors  and  inconsistencies 
could  have  technical  and  legal 
consequences. 

Until  recently  the  determination  of 
position  in  the  continental  United  States 
was  based  on  various  geodetic  reference 
systems  that  had  been  established  over 
the  past  70  years.  The  method  for 
determining  coordinates  used  in  filing 
FCC  station  applications  were  based  on 
these  various  geodetic  reference 
systems  as  show  on  the  attached  Table, 
’’Local  Horizontal  Datums  of  the  United 
States  of  America".  Improvements  in 
technology,  particularly  in  satellite 
surveying  and  photography,  have 
resulted  in  a  small  but  noticeable  shift 
in  the  geodetic  reference  system  which, 
in  turn,  will  alter  the  coordinates 


(latitude  and  longitude)  of  towers  and 
antennas. 

The  Earth  is  not  a  perfect  sphere,  but 
rather,  being  somewhat  flattened  in  the 
polar  regions,  an  ellipsoid.  Unit  the  early 
1980s,  the  latitudes  and  longitudes  of 
places  in  North  America  were  based  on 
a  model  of  the  earth’s  shape  formulated 
in  1866  and  known  as  the  Clarke 
ellipsoid.  Surveys  made  to  determine  the 
coordinates  of  a  given  point  were 
referenced  to  a  triangulation  station  in 
the  conterminuous  United  States  known 
as  MEADES  RANCH.  Eventually  as 
more  observations  were  added  to  the 
Network  of  the  U.S.  Coast  and  Geodetic 
Survey,  they  were  incorporated  into  a 
system  which  became  codified  as  the 
North  American  Datum  of  1927  (NAD 
27). 

The  25,000  survey  points  in  the  1920’s 
expanded  to  250,000  in  the  1970’s,  many 
of  which  were  'forced*  to  fit  the  NAD  27 
network.  That  led  to  a  loss  of  accuracy. 
Accordingly,  the  National  Academy  of 
Sciences  recommended  that  the  North 
American  Datum  be  re-adjusted.  Using 
the  latest  technology,  scientists  updated 
their  depiction  of  the  shape  of  the  earth 
and  the  location  of  physical  features  on 
it.  That  finally  lead  to  a  more  accurate 
and  consistent  reference  system  for 
North  America,  known  as  the  North 
American  Datum  of  1983  (NAD  83), 
based  on  the  Geodetic  Reference 
System  of  1980  (GRS  80)  ellipsoid.  This 
new  system  was  adopted  as  the  official 
horizontal  coordinate  system  of  the 
United  States  by  notice  in  the  Federal 
Register,  June  14, 1989. 


One  of  the  benefits  of  using  more 
accurate  position  data  is  enhanced 
safety  afforded  the  aviation  industry. 
Consequently,  Congress  passed  Public 
Law  101-508,  section  9120,  the  Aviation 
Safety  and  Capacity  Expansion  Act  of 
1990,  which  mandated  that  the  FAA 
convert  all  position  data  used  in  the 
National  Airspace  System  to  NAD  83.  In 
compliance  with  this  law,  the  FAA,  on 
May  11, 1992,  issued  a  Notice  in  the 
Federal  Register  advising  that  they  will 
convert  all  latitude  and  longitude 
coordinates  used  in  the  National 
Airspace  System  to  NAD  83  on  October 
15, 1992.  This  will  directly  affect 
coordination  between  the  FAA  and  FCC 
on  all  matters  related  to  tower  and 
antenna  and  aviation  facility  locations, 
The  FCC  will  eventually  be  required 
to  use  NAD  83  coordinates  in  all  of  its 
activities,  including  licensing  and  the 
maintenance  of  data  bases.  However, 
before  this  can  be  implemented,  studies 
must  be  carried  out  to  determine  how 
best  to  accomplish  the  conversion  with 


Impact 
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the  resources  available  and  at  a 
minimum  impact  to  the  public,  while 
also  analyzing  how  best  to  resolve 
issues  as: 

•  Changes  to  application  forms. 

•  Issuance  of  adjusted  licenses  to 
existing  licensees. 

•  Changes  to  rules  and  regulations. 

•  Minimizing  the  public  burden  and 
confusion. 

•  Changes  to  formulae  such  as  those 
for  computing  distance  between  two 
points. 

•  International  interchange  of 
coordination  data  with  Canada  and 
Mexico,  etc. 

Interim  Procedure 

The  FCC  will  assign  the  first  priority 
to  internally  converting  those  software 
systems  and  data  bases  affected  by  the 
FAA  changeover  to  NAD  83.  However, 
in  order  to  provide  sufficient  time  to 
study  the  changes  and  issues  discussed 
above  and  to  assure  continuity  of 
operations,  the  Commission  will  require 
applicants  to  continue  to  provide 
position  information  in  NAD  27 
coordinates  or,  for  certain  specialized 
areas  in  accordance  with  the  attached 
Table  of  local  horizontal  datums.  We 
realize  there  could  be  some  confusion  to 
applicants,  consulting  engineers  and 
frequency  coordinators  for  filing 
applications.  Applicants  and  those 
preparing  applications  must  be  aware  of 
the  necessity  of  providing  coordinates  in 
accordance  with  the  attached  Table  of 
local  horizontal  datums  until  further 
notice.  We  will  issue  further  guidance 
later  as  experience  is  gained  with 
problem  areas. 

Tutorial 

The  Commission  has  arranged  for  a 
tutorial,  open  to  the  public,  to  be 
presented  on  September  15, 1992,  at  1:30 
pm  in  the  Commission  Meeting  Room, 
on  conversion  to  NAD  83.  At  that  time,  a 
group  of  experts  will  expand  on  the 
background  information  presented 
above,  and  answer  queries.  A  public 
notice  will  be  issued  announcing  the 
tutorial.  If  necessary,  the  Commission 
will  issue  additional  public  notices  and 
other  documents  on  the  subject  of  NAD 
83  to  clarify  areas  of  concern  or  new 
developments. 

Federal  Communications  Commission. 

Donna  R.  Searcy, 

Secretary. 


Local  Horizontal  Datums  of  the 
United  States  of  America 

Geographic  location 

Horizontal  datum 

Conterminous  United 

North  American  Datum 

States. 

of  1027  (NAD  27) 

Alaska  (except  St. 

(1USGS,  1:24,000). 
North  American  Datum 

George  Island,  St 

Of  1927  (NAD  27) 

Paul  Island  and  St. 

(USGS,  1:24,000, 

Lawrence  Island). 

1:25:000,  1:63,360  & 

Hawaii . 

1:250.000). 

CMd  Hawaiian  (USGS, 

Puerto  Rico 

1.24,000  &  162,500). 
Puerto  Rico  (USGS, 

(Commonwealth  of). 

1:20,000). 

United  States  Virgin 

Puerto  Rico  (UGSG. 

Islands 

1:24.000). 

(unincorporated 
territory  of). 

Navassa  Island,  Quita 

“Local  astronomical 

Sue  no  Bank, 

datum"  (Mo  USGS 

Roncador  Bank, 

map  coverage)  (NOAA 

Serrana  Bank  and 

No.  26194  Navassa 

Serranilla  Bank. 

Is..  1:15,000). 

St  George  Island,  AK . 

St  George  (USGS. 

St.  Paul  Island.  AK . 

1:250,000). 

St  Paul  (USGS. 

St.  Lawrence  Island,  AK.... 

1:250600). 

St  Lawrence  (USGS, 

Midway  Island . 

Johnston  Island . 

1:250,000). 

Midway  Astro  1961  {No 
USGS  map  coverage) 
(NOAA  No.  19461 
Midway  Island. 
1:32.500). 

Johnston  Island  1961 

(No  USGS  map 
coverage )  (NOAA  No. 
540  Hawaiian 
Archipelago. 
1:3,121,170). 

Northern  Mariana  Islands 
(Commonwealth  of 
the): 

Saipan,  Tinian  and 

Guam  1963  (USGS, 

Rota. 

1:24,000). 

Other  islands . 

“Local  astronomical 

American  Samoa 

datum”  (Not 
individual  ty  mapped  by 
USGS). 

American  Samoa  1962 

(unincorporated 

(USGS,  1:24,000). 

territory  of). 

Guam  (unincorporated 

Guam  1963  (USGS, 

territory  of). 

1:24,000). 

“Local  astronomical 

datum”  (No  USGS 
map  coverage)  (NoAA 
No.  83116  Islands  In 
the  Pacific  Ocean— 
Jarvis,  Baker  and 
Howland  Islands, 
1:15,000). 

“Local  astronomical 

datum”  (No  USGS 

map  coverage)  (NOAA 
No.  831 16  Islands  in 
the  Pacific  Ocean— 
Jarvis,  Baker  and 
Howland  Islands, 

1:1 5,000). 

Local  Horizontal  Datums  of  the 
United  States  of  America— Continued 


Geographic  location 

Horizontal  datum 

“Local  astronomical 

datum”  (No  USGS 
map  coverage)  (NOAA 
No.  831 16  Islands  in 
the  Pacific  Ocean— 
Jarvis  Baker  and 
Howland  Islands 
1:15,000). 

“Local  astronomical 

datum”  (No  USGS 
map  coverage ). 

“Local  astronomical 

Wake  Island . 

datum”  (No  USGS 
map  coverage)  (NOAA 
No.  83157  Palmyra 

A  toll  and  approaches 
to  Palmyra  Island, 
1:10,000). 

Wake  Island  1952  (No 
USGS  map  coverage) 
(NOAA  No.  81664 

Wake  Island 

1.15,000). 

jFR  Doc.  92-21627  Filed  9-11-92:  8:45  amj 

BILLING  CODE  6712-0  V-M 


FEDERAL  EMERGENCY 
MANAGEMENT  AGENCY 

[FEMA-958-DR] 

California;  Major  Disaster  and  Related 
Determinations 

agency:  Fedral  Emergency  Management 
Agency  (FEMA). 

action:  Notice. 


EFFECTIVE  DATE:  August  29, 1992. 

summary:  This  is  a  notice  of  the 
Presidential  declaration  of  a  major 
disaster  for  the  State  of  California 
(FEMA-958-DR),  dated  August  29, 1992, 
and  related  determinations. 

FOR  FURTHER  INFORMATION  CONTACT: 
Pauline  C.  Campbell,  Disaster 
Assistance  Programs,  Federal 
Emergency  Management  Agency, 
Washington,  DC  20472,  (202)  646-3606. 

SUPPLEMENTARY  INFORMATION:  Notice  is 
hereby  given  that,  in  a  letter  dated 
August  29, 1992,  the  President  declared  a 
major  disaster  under  the  authority  of  the 
Robert  T.  Stafford  Disaster  Relief  and 
Emergency  Assistance  Act  (42  U.S.C. 
5121  et  seq.),  as  follows: 

I  have  determined  that  the  damage  in 
certain  areas  of  the  State  of  California, 
resulting  from  fires  commencing  on  August 
16. 1992,  and  August  20, 1992,  is  of  sufficient 
severity  and  magnitude  to  warrant  a  major 
disaster  declaration  under  the  Robert  T. 
Stafford  Disaster  Relief  and  Emergency 
Assistance  Act  (“the  Stafford  Act").  I. 
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therefore,  declare  that  such  a  major  disaster 
exists  in  the  State  of  California. 

In  order  to  provide  Federal  assistance,  you 
are  hereby  authorized  to  allocate  from  funds 
available  for  these  purposes,  such  amounts 
as  you  find  necessary  for  Federal  disaster 
assistance  and  administrative  expenses. 

You  are  authorized  to  provide  Individual 
Assistance  and  Public  Assistance  in  the 
designated  areas.  Consistent  with  the 
requirement  that  Federal  assistance  be 
supplemental,  any  Federal  funds  provided 
under  the  Stafford  Act  for  Public  Assistance 
will  be  limited  to  75  percent  of  the  total 
eligible  costs. 

The  time  period  prescribed  for  the 
implementation  of  section  310(a), 

Priority  to  Certain  Applications  for 
Public  Facility  and  Public  Housing 
Assistance.  42  U.S.C.  5153,  shall  be  for  a 
period  not  to  exceed  six  months  after 
the  date  of  this  declaration. 

Notice  is  hereby  given  that  pursuant 
to  the  authority  vested  in  the  Director  of 
the  Federal  Emergency  Management 
Agency  under  Executive  Order  12148, 1 
hereby  appoint  Mr.  A.  Roy  Kite  of  the 
Federal  Emergency  Management 
Agency  to  act  as  the  Federal 
Coordinating  Officer  for  this  declared 
disaster. 

I  do  hereby  determine  the  following 
areas  of  the  State  of  California  to  have 
been  affected  adversely  by  this  declared 
major  disaster 

Calaveras  and  Shasta  County  for 
Individual  Assistance  and  Public  Assistance. 
(Catalog  of  Federal  Domestic  Assistance  No. 
83.516,  Disaster  Assistance.) 

Wallace  E.  Stickney, 

Director. 

(FR  Doc.  92-22089  Filed  9-11-02;  8:45  am) 
BILUNG  CODE  671S-02-M 


[  FE  M  A-955-DR  ] 

Florida;  Amendment  to  Major  Disaster 
Declaration 

agency:  Federal  Emergency 
Management  Agency  (FEMA). 
action:  Notice. 

EFFECTIVE  DATE:  September  1, 1992.  . 

summary:  This  notice  amends  the  notice 
of  a  major  disaster  for  the  State  of 
Florida  (FEMA-955-DR),  dated  August 
24, 1992,  and  related  determinations. 

FOR  FURTHER  INFORMATION  CONTACT; 
Pauline  C.  Campbell,  Disaster 
Assistance  Programs,  Federal 
Emergency  Management  Agency, 
Washington,  DC  20472,  (202)  646-3606. 
SUPPLEMENTARY  INFORMATION:  Notice  is 
hereby  given  that,  in  a  letter  dated 
September  1, 1992,  the  President 
amended  the  cost-sharing  arrangements 
concerning  Federal  funds  provided 
under  the  authority  of  the  Robert  T. 


Stafford  Disaster  Relief  and  Emergency 
Assistance  Act  (42  U.S.C.  5121  et  seg.), 
as  follows: 

I  have  determined  that  the  damage  in 
certain  areas  of  the  State  of  Florida,  resulting 
from  Hurricane  Andrew  on  August  23, 1992, 
is  of  sufficient  severity  and  magnitude  that 
special  conditions  are  warranted  regarding 
the  cost-sharing  arrangements  concerning 
Federal  funds  provided  under  the  Robert  T. 
Stafford  Disaster  Relief  and  Emergency 
Assistance  Act  (“the  Stafford  Act”)  for  the 
Public  Assistance  program. 

Therefore,  1  amend  my  previous 
declaration,  which  limited  the  Federal 
reimbursement  share  for  certain  categories  of 
expenditures,  and  1  hereby  authorize  an 
increase  in  Federal  reimbursement  to  100 
percent  of  eligible  public  assistance  costs 
exceeding  $10  per  capita,  as  is  allowed  under 
the  law  for  extreme  disasters.  This  100 
percent  reimbursement  for  costs  above  $10 
per  capita  applies  to  all  authorized  public 
assistance  costs,  including  debris  removal  to 
eliminate  immediate  threats  to  public  health 
and  safety,  emergency  work  to  save  lives  and 
protect  public  health  and  safety,  and  repair 
or  reconstruction  of  uninsured  public  and 
private  nonprofit  facilities.  Temporary 
housing  assistance,  mortgage/rental 
assistance,  crises  counseling  assistance  and 
disaster  unemployment  assistance  will 
continue  to  be  100  percent  federally  funded, 
where  allowed  under  the  law.  Funds  for 
public  assistance  up  to  $10  per  capita  will  be 
reimbursed  pursuant  to  the  conditions  set 
forth  in  my  previous  declaration. 

This  waiver  of  State  and  local  cost-sharing 
requirements  above  $10  per  capita  applies  to 
all  public  assistance  costs  eligible  for  such  a 
waiver  under  the  law.  The  law  specifically 
prohibits  a  similar  waiver  for  funds  provided 
to  States  for  the  Individual  and  Family  Grant 
program.  These  funds  will  continue  to  be 
reimbursed  at  75  percent  of  total  eligible 
costs. 

This  amended  declaration  is  consistent 
with  the  request  made  to  you  by  the 
Governor  of  the  State  of  Florida. 

Please  notify  the  Governor  of  the  State  of 
Florida  and  the  Federal  Coordinating  Officer 
of  this  amendment  to  my  major  disaster 
declaration. 

(Catalog  of  Federal  Domestic  Assistance  No. 
83.516,  Disaster  Assistance.) 

Wallace  E.  Stickney, 

Director. 

(FR  Doc.  92-22087  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  S718-02-M 


[  FEMA -956-DR  1 

Louisiana;  Amendment  to  Notice  of  a 
Major  Disaster  Declaration 

agency:  Federal  Emergency 
Management  agency  (FEMA). 
action:  Notice. 

summary:  This  notice  amends  the  notice 
of  a  major  disaster  for  the  State  of 
Louisiana  (FEMA-956-DR),  dated 


August  26, 1992,  and  related 
determinations. 

EFFECTIVE  DATE:  September  1, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Pauline  C.  Campbell,  Disaster 
Assistance  Programs.  Federal 
Emergency  Management  Agency, 
Washington,  DC  20472,  (202)  646-3006. 

SUPPLEMENTARY  INFORMATION:  The 

notice  of  a  major  disaster  for  the  State 
of  Louisiana,  dated  August  26, 1992,  is 
hereby  amended  to  include  the 
following  areas  among  those  areas 
determined  to  have  been  adversely 
affected  by  the  catastrophe  declared  a 
major  disaster  by  the  President  in  his 
declaration  of  August  26, 1992: 

The  parishes  of  Acadia,  Avoyelles, 
Cameron,  Jefferson  Davis,  Orleans, 
Plaquemines,  St.  James,  St.  Bernard, 
Vermilion,  Allen,  Calcasieu,  Evangeline, 
Livingston,  Rapides,  St.  Helena,  St.  Landry, 
Tangipahoa,  and  Washington  for  Individual 
Assistance  and  Public  Assistance. 

(Catalog  of  Federal  Domestic  Assistance  No. 
83.516,  Disaster  Assistance.) 

Richard  W.  Krimm, 

Deputy  Associate  Director,  State  and  Local 
Programs  and  Support. 

(FR  Doc.  92-22086  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  6718-02-M 


[  FEMA-956-DR 1 

Louisiana;  Amendment  to  Major 
Disaster  Declaration 

AGENCY:  Federal  Emergency 
Management  Agency  (FEMA). 

action:  Notice. 

summary:  This  notice  amends  the  notice 
of  a  major  disaster  for  the  State  of 
Louisiana  (FEMA-956-DR),  dated 
August  26, 1992,  and  related 
determinations. 

EFFECTIVE  DATE:  August  29, 1992. 
EFFECTIVE  DATES:  Pauline  C.  Campbell, 
Disaster  Assistance  Programs,  Federal 
Emergency  Management  Agency, 
Washington,  DC  20472,  (202)  646-3606. 

SUPPLEMENTARY  INFORMATION:  The 

notice  of  a  major  disaster  for  the  State 
of  Louisiana,  dated  August  26, 1992,  is 
hereby  amended  to  include  the 
following  areas  among  those  areas 
determined  to  have  been  adversely 
affected  by  the  catastrophe  declared  a 
major  disaster  by  the  President  in  his 
declaration  of  August  26, 1992: 

The  parishes  of  East  Feliciana,  Pointe 
Coupee,  and  Jefferson  for  Individual 
Assistance  and  Public  Assistance. 
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(Catalog  of  Federal  Domestic  Assistance  No. 
83.516,  Disaster  Assistance.) 

Grant  C.  Peterson, 

Associate  Director,  State  and  Local  Programs 
and  Support. 

[FR  Doc.  92-22088  Filed  6-11-92;  8:45  am] 

BHJJNQ  CODE  S71S-02-M 


[FEMA-959-DR] 

Wisconsin;  Notice  of  Major  Disaster 
and  Related  Determinations 

AGENCY:  Federal  Emergency 
Management  Agency  (FEMA). 
action:  Notice. 

EFFECTIVE  DATE:  September  2, 1992. 
summary:  This  is  a  notice  of  the 
Presidential  declaration  of  a  major 
disaster  for  the  State  of  Wisconsin 
(FEMA-959-DR),  dated  September  2, 
1992,  and  related  determinations. 

FOR  FURTHER  INFORMATION  CONTACT. 
Pauline  C.  Campbell,  Disaster 
Assistance  Programs,  Federal 
Emergency  Management  Agency, 
Washington.  DC  20472,  (202)  646-3606. 
SUPPLEMENTARY  INFORMATION:  Notice  is 
hereby  given  that,  in  a  letter  dated 
September  2, 1992,  the  President 
declared  a  major  disaster  under  the 
authority  of  the  Robert  T.  Stafford 
Disaster  Relief  and  Emergency 
Assistance  Act  (42  U.S.C.  5121  et  seq.), 
as  follows: 

I  have  determined  that  the  damage  in 
certain  areas  of  the  State  of  Wisconsin, 
resulting  from  severe  storms  and  tornadoes 
on  August  29, 1992,  is  of  sufficient  severity 
and  magnitude  to  warrant  a  major  disaster 
declaration  under  the  Robert  T.  Stafford 
Disaster  Relief  and  Emergency  Assistance 
Act  ("the  Stafford  Act”).  I,  therefore,  declare 
that  such  a  major  disaster  exists  in  the  State 
of  Wisconsin. 

In  order  to  provide  Federal  assistance,  you 
are  hereby  authorized  to  allocate  from  funds 
available  for  these  purposes,  such  amounts 
as  you  find  necessary  for  Federal  disaster 
assistance  and  administrative  expenses. 

You  are  authorized  to  provide  Individual 
Assistance  and  Public  Assistance  in  the 
designated  areas.  Consistent  with  the 
requirement  that  Federal  assistance  be 
supplemental,  any  Federal  funds  provided 
under  the  Stafford  Act  for  Public  Assistance 
will  be  limited  to  75  percent  of  the  total 
eligible  costs. 

The  time  period  prescribed  for  the 
implementation  of  section  310(a), 

Priority  to  Certain  Applications  for 
Public  Facility  and  Public  Housing 
Assistance,  42  U.S.C.  5153,  shall  be  for  a 
period  not  to  exceed  six  months  after 
the  date  of  this  declaration. 

Notice  is  hereby  given  that  pursuant 
to  the  authority  vested  in  the  Director  of 
the  Federal  Emergency  Management 
Agency  under  Executive  Order  12148, 1 


hereby  appoint  Phil  Zaferopulos  of  the 
Federal  Emergency  Management 
Agency  to  act  as  the  Federal 
Coordinating  Officer  for  this  declared 
disaster. 

I  do  hereby  determine  the  following 
areas  of  the  State  of  Wisconsin  to  have 
been  affected  adversely  by  this  declared 
major  disaster 

Waushara  County  for  Individual 
Assistance  and  Public  Assistance. 

(Catalog  of  Federal  Domestic  Assistance  No. 
83.518,  Disaster  Assistance.) 

Wallace  E.  Stickney, 

Director. 

(FR  Doc.  92-22090  Filed  9-11-92;  8:45  am] 

BILLING  CODE  8718-02-*! 


FEDERAL  TRADE  COMMISSION 
[Dkt.  0-3397] 

NME  Hospitals,  Inc.,  d/b/a  Continent 
Ostomy  Center;  Prohibited  Trade 
Practices,  and  Affirmative  Corrective 
Actions 

AGENCY:  Federal  Trade  Commission. 
ACTION:  Consent  order. 

summary:  In  settlement  of  alleged 
violations  of  federal  law  prohibiting 
unfair  acts  and  practices  and  unfair 
methods  of  competition,  this  consent 
order  prohibits,  among  other  things,  the 
California-based  hospital  chain  from 
misrepresenting  the  comparative 
efficacy,  permanence,  or  likely 
complications  of  any  reconstructive 
surgical  procedure,  and  requires  that  the 
respondent  base  future  claims  abut  the 
efficacy,  permanence,  or  likely 
complications  of  any  surgical  procedure 
used  in  the  treatment  of  bowel-related 
diseases  on  competent  and  reliable 
scientific  evidence  that  substantiates 
any  such  representation. 

DATES:  Complaint  and  Order  issued 
August  24, 1992. 1 

FOR  FURTHER  INFORMATION  CONTACT: 

Michael  Katz,  FTC/H-200,  Washington, 
DC  20580,  (202)  326-3123. 
SUPPLEMENTARY  INFORMATION:  On 
Tuesday,  June  16, 1992,  there  was 
published  in  the  Federal  Register,  57  FR 
26848,  a  proposed  consent  agreement 
with  analysis  In  the  Matter  of  NME 
Hospitals,  Inc.,  d/b/a  Continent  Ostomy 
Center,  for  the  purpose  of  soliciting 
public  comment.  Interested  parties  were 
given  sixty  (60)  days  in  which  to  submit 
comments,  suggestions  or  objections 


1  Copies  of  the  Complaint  and  the  Decision  and 
Order  are  available  from  the  Commission's  Public 
Reference  Branch.  H-130. 6th  Street  h  Pennsylvania 
Avenue,  NW..  Washington,  DC  20580. 


regarding  the  proposed  form  of  the 
order. 

A  comment  was  filed  and  considered 
by  the  Commission.  The  Commission 
has  ordered  the  issuance  of  the 
complaint  in  the  form  contemplated  by 
the  agreement,  made  its  jurisdictional 
findings  and  entered  an  order  to  cease 
and  desist,  as  set  forth  in  the  proposed 
consent  agreement,  in  disposition  of  this 
proceeding. 

(Sec.  6,  38  Stat.  721;  15  U.S.C.  46.  Interprets  or 
applies  sec.  5,  38  Stat.  719,  as  amended;  15 
U.S.C.  45) 

Donald  S.  Clark, 

Secretary. 

(FR  Doc.  92-22117  Filed  9-11-02;  8:45  am] 

BILLING  COOE  8756-01-*! 


[Dkt  C-3398] 

The  Winning  Combination,  Inc.,  et  aL; 
Prohibited  Trade  Practices,  and 
Affirmative  Corrective  Actions 

agency:  Federal  Trade  Commission. 
ACTION:  Consent  order. 

summary:  In  settlement  of  alleged 
violations  of  federal  law  prohibiting 
unfair  acts  and  practices  and  unfair 
methods  of  competition,  this  consent 
order  prohibits,  among  other  things,  a 
California  corporation  and  its  officer 
from  misrepresenting  the  efficacy  of 
Essential  Factors  with  Oxy-Energizer,  a 
food  supplement,  or  any  similar  product: 
from  making  certain  representations 
unless  they  possess  competent  and 
reliable  scientific  evidence  to 
substantiate  the  representations;  and 
from  representing  that  any  such  product 
has  been  accepted  by  the  U.S. 
Government  as  effective  for  relieving 
fatigue  or  providing  extra  energy. 
dates:  Complaint  and  Order  issued 
August  24, 1992. 1 

FOR  FURTHER  INFORMATION  CONTACT: 

Michael  Milgrom  or  Brinley  Williams, 
Cleveland  Regional  Office,  Federal 
Trade  Commission,  668  Euclid  Ave., 
suite  520-A,  Cleveland,  OH.  44114  (216) 
522-4210. 

SUPPLEMENTARY  INFORMATION:  On 

Tuesday,  June  16, 1992,  there  was 
published  in  the  Federal  Register,  57  FR 
26854,  a  proposed  consent  agreement 
with  analysis  In  the  Matter  of  The 
Winning  Combination,  Inc.,  et  al.,  for  the 
purpose  of  soliciting  public  comment. 
Interested  parties  were  given  sixty  (60) 
days  in  which  to  submit  comments, 


1  Copies  of  the  Complaint  and  the  Decision  and 
Order  are  available  from  the  Commission's  Public 
Reference  Branch,  H-130, 6th  Street  &  Pennsylvania 
Avenue.  NW..  Washington.  DC  20580. 
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suggestions  or  objections  regarding  the 
proposed  form  of  the  order 
No  comments  having  been  received, 
the  Commission  has  ordered  the 
issuance  of  the  complaint  in  the  form 
contemplated  by  the  agreement,  made 
its  jurisdictional  findings  and  entered  an 
order  to  cease  and  desist,  as  set  forth  in 
the  proposed  consent  agreement, 
indisposition  of  this  proceeding. 

(Sec.  6,  38  Stat.  721;  15  U.S.C.  46.  Interprets  or 
applies  sec.  5,  38  Stat.  719,  as  amended;  15 
U.S.C.  45.  52) 

Donald  S.  Clark, 

Secretary. 

[FR  Doc.  92-22118  Filed  9-11-92;  8:45  am] 

BILLING  CODE  675O-01-M 


DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Agency  for  Health  Care  Policy  and 
Research 

Meetings 

In  accordance  with  section  10(a)  of 
the  Federal  Advisory  Committee  Act 
(title  5,  U.S.C.,  appendix  2) 
announcement  is  made  of  the  following 
advisory  committees  scheduled  to  meet 
during  the  end  of  September  and  the 
month  of  October  1992: 

Name:  Health  Care  Technology  Study 
Section. 

Date  and  Time:  September  30-October  2, 
1992,  8  a.m. 

Place:  Marriott  Residence  Inn,  Montgomery 
II  Room,  7335  Wisconsin  Avenue,  Bethesda, 
Maryland  20814. 

Open  Sept.  30,  8  a.m.  to  9  a.m. 

Closed  for  remainder  of  meeting. 

Purpose:  The  Study  Section  is  charged 
with  conducting  the  initial  review  of 
health  services  research  grant 
applications  addressing  the  utilization 
and  effects  of  health  care  technologies 
and  procedures  as  well  as  applications 
in  the  area  of  information  and  decision 
sciences  relating  to  health  care  delivery. 

Agenda:  The  open  session  on 
September  30  from  8  a.m.  to  9  a.m.  will 
be  devoted  to  a  business  meeting 
covering  administrative  matters  and 
reports.  There  will  also  be  a 
presentation  by  the  Administrator, 
Agency  for  Health  Care  Policy  and 
Research  (AHCPR).  The  closed  sessions 
of  the  meeting  will  be  devoted  to  a 
review  of  health  services  research  grant 
applications  emphasizing  medical  care 
technologies  and  procedures,  and 
relating  to  the  delivery,  organization, 
and  financing  of  health  services.  In 
accordance  with  the  Federal  Advisory 
Committee  Act,  title  5,  U.S.C.,  appendix 
2  and  title  5.  U.S.C.  552b(c)(6),  the 
Administrator,  AHCPR,  has  made  a 


formal  determination  that  these  latter 
sessions  will  be  closed  because  the 
discussions  are  likely  to  reveal  personal 
information  concerning  individuals 
associated  with  the  applications.  This 
information  is  exempt  from  mandatory 
disclosure. 

Anyone  wishing  to  obtain  a  roster  of 
members,  minutes  of  the  meeting,  or 
other  relevant  information  should 
contact  Alan  E.  Mayers,  Ph.D.,  Agency 
for  Health  Care  Policy  and  Research, 
suite  602,  Executive  Office  Center,  2101 
East  Jefferson  Street,  Rockville, 
Maryland  20852,  Telephone  (301)  227- 
8449. 

Name:  Health  Services  Developmental 
Grants  Review  Subcommittee. 

Date  and  Time:  October  14-16, 1992,  8  a.m. 

Place:  Hyatt  Regency,  7400  Wisconsin 
Avenue,  Conference  Room  TBA,  Bethesda, 
Maryland  20814. 

Open  October  14,  8  a.m.  to  9  a.m. 

Closed  for  remainder  of  meeting. 

Purpose:  The  Subcommittee  is. 
charged  with  the  initial  review  of  grant 
applications  proposing  experimental, 
analytical  and  theoretical  research  on 
costs,  quality,  access,  effectiveness  and 
efficiency  of  the  delivery  of  health 
services  for  the  research  grant  program 
administered  by  AHCPR. 

Agenda:  The  open  session  of  the 
meeting  on  October  14  from  8  a.m.  to  9 
a.m.  will  be  devoted  to  a  business 
meeting  covering  administrative  matters 
and  reports.  There  will  also  be  a 
presentation  by  the  Administrator, 
AHCPR.  During  the  closed  session,  the 
Subcommittee  will  be  reviewing 
research  and  demonstration  grant 
applications  relating  to  the  delivery, 
organization,  and  financing  of  health 
services.  In  accordance  with  the  Federal 
Advisory  Committee  Act,  title  5,  U.S.C. 
appendix  2  and  title  5,  U.S.C.  552b(c)(6), 
the  Administrator,  AHCPR,  has  made  a 
formal  determination  that  these  latter 
sessions  will  be  closed  because  the 
discussions  are  likely  to  reveal  personal 
information  concerning  individuals 
associated  with  the  applications.  This 
information  is  exempt  from  mandatory 
disclosure. 

Anyone  wishing  to  obtain  a  roster  of 
member,  minutes  of  the  meeting,  or 
other  relevant  information  should 
contact  Gerald  E.  Calderone,  Ph.D., 
Agency  for  Health  Care  Policy  and 
Research,  suite  602,  Executive  Office 
Center,  2101  East  Jefferson  Street, 
Rockville,  Maryland  20852,  Telephone 
(301)  227-8449. 

Name:  Health  Services  Research  Training 
Advisory  Committee. 

Date  and  Time:  October  14-16, 1992,  8  a.m. 

Place:  Holiday  Inn  Bethesda,  8120 
Wisconsin  Avenue,  Gallery  Room,  Bethesda, 
Maryland  20814. 


Open  October  14, 8  a.m.  to  8:45  a.m. 

Closed  for  remainder  of  meeting. 

Purpose:  The  Committee  is  charged 
with  conducting  the  initial  review  of 
grant  applications  addressing  subjects 
related  to  health  care  delivery  and 
medical  treatment  outcomes  research. 

Agenda:  The  open  session  of  the 
meeting  on  October  14  from  8  a.m.  to 
8:45  a.m.  will  be  devoted  to  a  business 
meeting  covering  administrative 
matters.  During  the  closed  sessions,  the 
committee  will  be  reviewing 
applications  in  response  to  the  request 
for  applications  encouraging  innovative 
and  timely  health  services  research  on 
the  effectiveness  of  pharmaceutical 
therapy  and  care.  In  accordance  with 
the  Federal  Advisory  Committee  Act, 
title  5,  U.S.C.,  appendix  2  and  title  5, 
U.S.C.,  552b(c)(6),  the  Administrator, 
AHCPR,  has  made  a  formal 
determination  that  these  latter  sessions 
will  be  closed  because  the  discussions 
are  likely  to  reveal  personal  information 
concerning  individuals  associated  with 
the  grant  applications.  This  information 
is  exempt  from  mandatory  disclosure. 

Anyone  wishing  to  obtain  a  roster  of 
members,  minutes  of  the  meeting,  or 
other  relevant  information  should 
contact  G.B.  Warren,  D.M.D.,  M.P.H., 
Agency  for  Health  Care  Policy  and 
Research,  suite  602,  2101  East  Jefferson 
Street,  Rockville,  Maryland  20852, 
Telephone  (301)  227-8449. 

Name:  Health  Services  Research  Review 
Subcommittee. 

Date  and  Time:  October  15-16, 1992,  8:30 
a.m. 

Place:  Embassy  Suites  Hotel,  5300  Military 
Road,  NW,  Tenley  II  Room,  Washington,  DC 
20015. 

Open  October  15,  8:30  a.m.  to  9:15  a.m. 

Closed  for  remainder  of  meeting. 

Purpose:  The  Subcommittee  is 
charged  with  the  initial  review  of  grant 
applications  proposing  analytical  and 
theoretical  research  on  costs,  quality, 
access,  and  efficiency  of  the  delivery  of 
health  services  for  the  research  grant 
program  administered  by  AHCPR. 

Agenda:  The  open  session  of  the 
meeting  on  October  15  from  8:30  a.m.  to 
9:15  a.m.  will  be  devoted  to  a  business 
meeting  covering  administrative  matters 
and  reports.  There  will  also  be  a 
presentation  by  the  Administrator, 
AHCPR.  During  the  closed  sessions,  the 
Subcommittee  will  be  reviewing 
analytical  and  theoretical  research  grant 
applications  relating  to  the  delivery, 
organization,  and  financing  of  health 
services.  In  accordance  with  the  Federal 
Advisory  Committee  Act,  title  5,  U.S.C., 
appendix  2  and  title  5,  U.S.C.,  552b(c)(6) 
the  Administrator,  AHCPR,  has  made  a 
formal  determination  that  these  latter 
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sessions  will  be  closed  because  the 
discussions  are  likely  to  reveal  personal 
information  concerning  individuals 
associated  with  the  applications.  This 
information  is  exempt  from  mandatory 
disclosure. 

Anyone  wishing  to  obtain  a  roster  of 
members,  minutes  of  the  meeting,  or 
other  relevant  information  should 
contact  Patricia  G.  Thompson,  Ph.D., 
Agency  for  Health  Care  Policy  and 
Research,  Suite  602,  Executive  Office 
Center,  2101  East  Jefferson  Street, 
Rockville,  Maryland  20852,  Telephone 
(301)  227-8449. 

Name:  Health  Services  Research 
Dissemination  Study  Section 

Date  and  Time:  October  23, 1992, 8:30  a  jn. 

Place:  Marriott  Residence  Inn,  7335 
Wisconsin  Avenue,  Montgomery  I,  Bethesda, 
Maryland  20814. 

Open  October  23, 1  p.m.  to  2  p.m. 

Closed  for  remainder  of  meeting. 

Purpose:  The  Study  Section  is  charged 
with  the  review  of  and  making 
recommendations  on  grant  applications 
for  Federal  support  of  conferences, 
workshops,  meetings,  or  projects  related 
to  dissemination  and  utilization  of 
research  findings,  and  AHCPR  liaison 
with  health  care  policy  makers, 
providers,  and  consumers. 

Agenda:  The  open  session  of  the 
meeting  on  October  23  from  1  p.m.  to  2 
p.m.  will  be  devoted  to  a  business 
meeting  covering  administrative  matters 
and  reports.  There  will  also  be  a 
presentation  by  the  Administrator, 
AHCPR.  During  the  closed  portions  of 
the  meeting,  the  Study  Section  will  be 
reviewing  grant  applications  relating  to 
the  dissemination  of  research  on  the 
organization,  costs,  and  efficiency  of 
health  care.  In  accordance  with  the 
Federal  Advisory  Committee  Act,  Title 
5,  U.S.C.,  appendix  2  and  title  5,  U.S.C., 
552b(c)(6),  the  Administrator,  AHCPR, 
has  made  a  formal  determination  that 
these  latter  sessions  will  be  closed 
because  the  discussions  are  likely  to 
reveal  personal  information  concerning 
individuals  associated  with  the  grant 
applications.  This  information  is  exempt 
from  mandatory  disclosure. 

Anyone  wishing  to  obtain  a  roster  of 
members,  minutes  of  the  meeting,  or 
other  relevant  information  should 
contact  Mrs.  Linda  Blankenbaker, 
Agency  for  Health  Care  Policy  and 
Research,  suite  602,  2101  East  Jefferson 
Street,  Rockville,  Maryland  20852, 
Telephone  (301)  227-8449. 

Agenda  items  for  all  meetings  are 
subject  to  change  as  priorities  dictate. 


Dated:  September  4, 1992. 

J.  Jarrett  Clinton, 

Administrator. 

[FR  Doc.  92-22075  Filed  9-11-92;  8:45  am] 

BHUNO  CODE  4160-90-M 


Alcohol,  Drug  Abuse,  and  Mental 
Health  Administration 

National  Institute  of  Mental  Health; 
Meetings 

Pursuant  to  Public  Law  92-463,  notice 
is  hereby  given  of  the  meetings  of  the 
advisory  committees  of  the  National 
Institute  of  Mental  Health  for  October 
1992. 

The  initial  review  groups  will  be 
performing  review  of  applications  for 
Federal  assistance;  therefore,  portions  of 
these  meetings  will  be  closed  to  the 
public  as  determined  by  the  Acting 
Administrator,  ADAMHA,  in 
accordance  with  5  U.S.C.  552b(c)(6)  and 
5  U.S.C.  app.  2 10(d). 

Summaries  of  the  meetings  and 
rosters  of  committee  members  may  be 
obtained  from:  Ms.  Joanna  L.  Kieffer, 
NIMH  Committee  Management  Officer, 
Alcohol,  Drug  Abuse,  and  Mental  Health 
Administration,  Parklawn  Building, 
room  9-105,  5600  Fishers  Lane, 

Rockville,  MD  20857  (Telephone:  301- 
443-4333). 

Substantive  program  information  may 
be  obtained  from  the  contacts  whose 
names,  room  numbers,  and  telephone 
numbers  are  listed  below. 

Committee  Name:  Molecular,  Cellular,  and 
Developmental  Neurobiology  Review 
Committee. 

Meeting  Date:  October  5-6, 1992. 

Place:  Chevy  Chase  Holiday  Inn,  5520 
Wisconsin  Avenue,  Chevy  Chase,  MD  20815. 

Open:  October  5,  8:30-9:30  a.m. 

Closed:  Otherwise. 

Contact:  Shirley  H.  Maltz,  room  9C-18, 
Parklawn  Building,  Telephone  (301)  443-3857. 

Committee  Name:  Behavioral  Neuroscience 
Review  Committee. 

Meeting  Date/October  7-8, 1992. 

Place:  Chevy  Chase  Holiday  Inn,  5520 
Wisconsin  Avenue,  Chevy  Chase,  MD  20815. 

Open:  October  7,  8-9  a.m. 

Closed:  Otherwise. 

Contact :  William  H.  Radcliffe,  room  9C-18, 
Parklawn  Building,  Telephone  (301)  443-3857. 

Committee  Name:  Psychology  and 
Behavior  Review  Committee. 

Meeting  Date:  October  8-9, 1992. 

Place:  Canterbury  Hotel,  1733  N  Street, 
NW.,  Washington,  DC  20036. 

Open:  October  8, 9-10  a.m. 

Closed:  Otherwise. 

Contact:  Shirley  H.  Maltz,  room  9C-18, 
Parklawn  Building,  Telephone  (301)  443-3944. 

Committee  Name:  Cognitive  Functional 
Neuroscience  Review  Committee. 

Meeting  Date:  October  12-14, 1992. 


Place:  Governor's  House  Holiday  Inn,  17th 
Street  &  Rhode  Island  Avenue,  NW., 
Washington,  DC  20036.  «% 

Open:  October  12,  8-9  a.m. 

Closed:  Otherwise. 

Contact  Rodney  A.  Berry,  room  9C-18, 
Parklawn  Building,  Telephone  (301)  443-3936. 

Committee  Name:  Health  Behavior  and 
Prevention  Review  Committee. 

Meeting  Date:  October  14-15, 1992. 

Place:  Bethesda  Holiday  Inn,  8120 
Wisconsin  Avenue,  Bethesda,  MD  20814. 

Open:  October  14, 9-10  a.m. 

Closed:  Otherwise. 

Contact  Monica  F.  Woodfork,  room  9C-05, 
Parklawn  Building,  Telephone  (301)  443-4843. 

Committee  Name:  Violence  and  Traumatic 
Stress  Review  Committee. 

Meeting  Date:  October  14-16, 1992. 

Place:  Bethesda  Holiday  Inn,  8120 
Wisconsin  Avenue,  Bethesda,  MD  20814. 

Open:  October  14, 9-10  a.m. 

Closed:  Otherwise. 

Contact  Phyllis  D.  Artis,  room  9C-15, 
Parklawn  Building,  Telephone  (301)  443-6470. 

Committee  Name:  Biological 
Psychopathology  Review  Committee. 

Meeting  Date:  October  15-16, 1992. 

Place:  Ramada  Inn  Bethesda,  8400 
Wisconsin  Avenue,  Bethesda,  MD  20814. 

Open:  October  15, 9-10  a.m. 

Closed:  Otherwise. 

Contact  Helen  D.  Craig,  room  9C-18, 
Parklawn  Building,  Telephone  (301)  443-3857. 

Committee  Name:  Neuropharmacology  and 
Neurochemistry  Review  Committee. 

Meeting  Date:  October  15-16, 1992. 

Place:  Bethesda  Holiday  Inn,  8120 
Wisconsin  Avenue,  Bethesda,  MD  20814. 

Open:  October  15„  8:30-9:30  a.m. 

Closed:  Otherwise. 

Contact  Shirley  H.  Maltz,  room  9C-18, 
Parklawn  Building,  Telephone  (301)  443-3936. 

Committee  Name:  Child/Adolescent  Risk 
and  Prevention  Review  Committee. 

Meeting  Date:  October  15-17, 1992. 

Place:  Embassy  Suites  Hotel,  4300  Military 
Road,  NW.,  Washington,  DC  20015. 

Open:  October  15, 9-10  a.m. 

Closed:  Otherwise. 

Contact  Michele  D.  Campbell,  room  9C-23, 
Parklawn  Building,  Telephone  (301)  443-117 7. 

Committee  Name:  Perception  and 
Cognition  Review  Committee. 

Meeting  Date:  October  15-17, 1992. 

Place:  Holiday  Inn  Governors  House,  17th 
Street  &  Rhode  Island  Avenue,  NW., 
Washington,  DC  20036. 

Open:  October  15, 9-10  a.m. 

Closed:  Otherwise. 

Contact:  Debra  D.  Woods,  room  9C-23, 
Parklawn  Building,  Telephone  (301)  443-1177. 

Committee  Name:  Mental  Health  Small 
Business  Research  Review  Committee. 

Meeting  Date:  October  19-20, 1992. 

Place:  Washington  Marriott  Hotel,  1221 
22nd  Street,  NW„  Washington,  DC  20037. 

Open:  October  19, 9-10  a.m. 

Closed:  Otherwise. 

Contact:  Wm.  Gregory  Zimmerman,  9C-14, 
Parklawn  Building.  Telephone  (301)  443-1367. 

Committee  Name:  Clinical  Neuroscience 
Review  Committee. 

Meeting  Date:  October  21-23, 1992. 
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Place:  Canterbury  Hotel,  1733  N  Street, 
NW,  Washington.  DC  20036. 

Ope^.  October  21, 9-10  a.m. 

Closed:  Otherwise. 

Contact:  Maurine  L.  Eister.  room  9C-18, 
Parklawn  Building.  Telephone  (301)  443-3936. 

Committee  Name:  Mental  Disorders  of 
Aging  Review  Committee. 

Meeting  Date:  October  21-23. 1992. 

Place:  The  Hampshire  Hotel.  1310  New 
Hampshire  Avenue,  NW.,  Washington,  DC 
20036. 

Open:  October  21, 9-10  a.m. 

Closed:  Otherwise. 

Contact:  Phyllis  L  Zusman,  room  9C-02, 
Parklawn  Building,  Telephone  (301)  443-1340. 

Committee  Name:  Emotion  and  Personality 
Review  Committee. 

Meeting  Date:  October  22-23, 1992. 

Place:  Bethesda  Holiday  Inn,  8120 
Wisconsin  Avenue,  Bethesda,  MD  20814. 
Open:  October  22, 9-10  a.m. 

Closed:  Otherwise. 

Contact :  Sheri  L  Schwartzback,  room  9C- 
05,  Parklawn  Building,  Telephone  (301)  443- 
4843. 

Committee  Name:  Child  Psychopathology 
and  Treatment  Review  Committee. 

Meeting  Date:  October  26-28, 1992. 

Place:  Canterbury  Hotel,  1733  N  Street, 
NW.,  Washington,  DC  20036. 

Open:  October  26,  9-10  a.m. 

Closed:  Otherwise. 

Contact  Francis  Smith,  room  9C-02, 
Parklawn  Building,  Telephone  (301)  443-4868. 

Committee  Name:  Clinical 
Psychopathology  Review  Committee. 

Meeting  Date:  October  28-30, 1992. 

Place:  Chevy  Chase  Holiday  Inn,  5520 
Wisconsin  Avenue,  Chevy  Chase,  MD  20815. 
Open:  October  28, 1-2  p.m. 

Closed:  Otherwise. 

Contact:  Tammye  M.  Cross,  room  9C-08, 
Parklawn  Building,  Telephone  (301)  443-1340. 

Committee  Name:  Social  and  Group 
Processes  Review  Committee. 

Meeting  Date:  October  29-30, 1992. 

Place:  Residence  Inn,  7335  Wisconsin 
Avenue,  Bethesda,  MD  20814. 

Open:  October  29,  9-10  a.m. 

Closed:  Otherwise. 

Contact:  Bernice  R.  Cherry,  room  9C-15, 
Parklawn  Building,  Telephone  (301)  443-6470. 

Dated:  September  8, 1992. 

Peggy  W.  Cockrill, 

Committee  Management  Officer,  Alcohol, 
Drug  Abuse,  and  Mental  Health 
Administration. 

[FR  Doc.  92-22003  Filed  9-11-92:  8:45  am] 

BILUNG  CODE  4160-20-M 


Food  and  Drug  Administration 

[Docket  No.  92F-0313] 

Betz  Laboratories,  Inc.;  Filing  of  Food 
Additive  Petition 

AGENCY:  Food  and  Drug  Administration, 
HHS. 

ACTION:  Notice. 

SUMMARY:  The  Food  and  Drug 
Administration  (FDA)  is  announcing 


that  Betz  Laboratories,  Inc.,  has  filed  a 
petition  proposing  that  the  food  additive 
regulations  be  amended  to  provide  for 
the  safe  use  of  diethanolamine  as  a 
boiler  water  additive  in  paper  mill 
boilers. 

FOR  FURTHER  INFORMATION  CONTACT: 

Andrew  J.  Zajac,  Center  for  Food  Safety 
and  Applied  Nutrition  (HFF-335),  Food 
and  Drug  Administration,  200  C  St.  SW., 
Washington,  DC  20204,  202-254-9500. 
SUPPLEMENTARY  INFORMATION:  Under 
the  Federal  Food,  Drug,  and  Cosmetic 
Act  (sec.  409(b)(5)  (21  U.S.C.  348(b)(5))), 
notice  is  given  that  a  petition  (FAP 
2B4329)  has  been  filed  by  Betz 
Laboratories,  Inc.,  4636  Somerton  Rd., 
Trevose,  PA  19053-6783.  The  petition 
proposes  to  amend  the  food  additive 
regulations  in  §  176.170  Components  of 
paper  and  paperboard  in  contact  with 
aqueous  and  fatty  foods  (21  CFR 
176.170)  to  provide  for  the  safe  use  of 
diethanolamine  as  a  boiler  water 
additive  in  paper  mill  boilers. 

The  potential  environmental  impact  of 
this  action  is  being  reviewed.  If  the 
agency  finds  that  an  environmental 
impact  statement  is  not  required  and 
this  petition  results  in  a  regulation,  the 
notice  of  availability  of  the  agency’s 
finding  of  no  significant  impact  and  the 
evidence  supporting  that  finding  will  be 
published  with  the  regulation  in  the 
Federal  Register  in  accordance  with  21 
CFR  25.40(c). 

Dated:  September  1, 1992. 

Fred  R.  Shank, 

Director,  Center  for  Food  Safety  and  Applied 
Nutrition. 

(FR  Doc.  92-22004  Filed  9-11-92;  8:45  a.m.) 
BILLING  CODE  4160-01-F 


Health  Resources  and  Services 
Administration 

Program  Announcement  and 
Proposed  Funding  Priorities  and 
Special  Consideration  for  Grants  for 
Graduate  Training  in  Family  Medicine 

The  Health  Resources  and  Services 
Administration  (HRSA)  announces  that 
applications  for  fiscal  year  (FY)  1993 
Grants  for  Graduate  Training  in  Family 
Medicine  are  being  accepted  under  the 
authority  of  section  786(a),  title  VII  of 
the  Public  Health  Service  (PHS)  Act, 
extended  by  the  Health  Professions 
Reauthorization  Act  of  1988,  Public  Law 
100-607,  title  VI.  Comments  are  invited 
on  the  proposed  funding  priorities  and 
special  consideration. 

This  program  announcement  is 
subject  to  reauthorization  of  this 
legislative  authority  and  to  the 
appropriation  of  funds.  The 
Administration’s  budget  request  for  FY 


1993  does  not  include  funding  for  this 
program.  Applicants  are  advised  that 
this  program  announcement  is  a 
contingency  action  being  taken  to  assure 
that  should  authority  and  funds  become 
available  for  this  purpose,  they  can  be 
awarded  in  a  timely  fashion  consistent 
with  the  needs  of  the  program  as  well  as 
provide  for  an  even  distribution  of  funds 
throughout  the  fiscal  year.  This  notice 
regarding  applications  does  not  reflect 
any  change  in  this  policy. 

Previous  Funding  Experience 

Previous  funding  experience  is 
provided  to  assist  potential  applicants 
to  make  better  informed  decisions 
regarding  submission  of  an  application 
for  this  program.  Fiscal  Year  1992  grant 
cycle  data  are  not  yet  available. 

In  the  first  cycle  for  FY  1991,  HRSA 
reviewed  99  applications  for  Grants  for 
Graduate  Training  in  Family  Medicine. 
Of  those  applications,  60  percent  were 
approved  and  40  percent  were  not 
recommended  for  further  consideration. 
Fifty-nine  projects,  or  60  percent  of  the 
applications  received,  were  funded. 

In  the  second  cycle  for  FY  1991,  HRSA 
reviewed  73  applications.  Of  those 
applications,  60  percent  were  approved 
and  40  percent  were  not  recommended 
for  further  consideration.  Eight  projects, 
or  11  percent  of  applications  received, 
were  funded. 

In  the  first  cycle  of  FY  1990,  HRSA 
reviewed  107  applications  for  Grants  for 
Graduate  Training  in  Family  Medicine. 
Of  those  applications,  63  percent  were 
approved  and  37  percent  were  not 
recommended  for  further  consideration. 
Sixty-seven  projects,  or  63  percent  of 
applications  received,  were  funded. 

In  the  second  cycle  of  FY  1990,  HRSA 
reviewed  53  applications.  Of  those 
applications,  43  percent  were  approved 
and  57  percent  were  not  recommended 
for  further  consideration.  Fourteen 
projects,  or  26  percent  of  applications 
received,  were  funded. 

Purpose 

Section  786(a)  of  the  Public  Health 
Service  Act  authorizes  the  Secretary  to 
award  grants  to  assist  in  meeting  the 
costs  of  planning,  developing  and 
operating  or  participating  in  approved 
graduate  training  programs  in  the  field 
of  family  medicine.  In  addition,  section 
786(a)  authorizes  assistance  in  meeting 
the  cost  of  supporting  trainees  in  such 
programs  who  plan  to  specialize  or  work 
in  the  practice  of  family  medicine. 

To  receive  support,  programs  must 
meet  the  requirements  of  regulations  as 
set  forth  in  42  CFR  part  57,  subpart  Q. 
The  period  of  Federal  support  should 
not  exceed  5  years. 
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Eligible  applicants  are  accredited 
schools  of  medicine  or  osteopathic 
medicine,  public  or  nonprofit  private 
hospitals,  and  other  public  or  private 
nonprofit  entities. 

National  Health  Objectives  for  the  Year 
2000 

The  PHS  is  committed  to  achieving 
the  health  promotion  and  disease 
prevention  objectives  of  Health  People 
2000,  a  PHS-led  national  activity  for 
setting  priority  areas.  The  Graduate 
Training  in  Family  Medicine  Program  is 
related  to  the  priority  areas  of 
Educational  and  Community-Based 
Programs  and  Clinical  Preventive 
Services. 

Potential  applicants  may  obtain  a 
copy  of  Healthy  People  2000  (Full 
Report;  Stock  No.  017-001-00474-0)  or 
Healthy  People  2000  (Summary  Report; 
Stock  No.  017-001-00473-1)  through  the 
Superintendent  of  Documents, 
Government  Printing  Office, 

Washington,  DC  20402-9325  (Telephone 
202-783-3238). 

Education  and  Service  Linkage 

As  part  of  its  long-range  planning, 
HRSA  will  be  targeting  its  efforts  to 
strengthening  linkages  between  its  U.S. 
Public  Health  Service  education 
programs  and  programs  which  provide 
comprehensive  primary  care  services  to 
the  underserved. 

Review  Criteria 

The  review  of  applications  will  take 
into  consideration  the  following  criteria: 

1.  The  degree  to  which  the  proposed 
project  provides  for  the  project 
requirements; 

2.  The  administrative  and 
management  ability  of  the  applicant  to 
carry  out  the  proposed  project  in  a  cost- 
effective  manner;  and 

3.  The  potential  of  the  project  to 
continue  on  a  self-sustaining  basis. 

Other  Considerations 

In  addition,  the  following  funding 
factors  may  be  applied  in  determining 
the  funding  of  approved  applications: 

1.  Funding  priorities — favorable 
adjustment  of  aggregate  review  scores 
when  applications  meet  specified 
objective  criteria. 

2.  Special  considerations — 
enhancement  of  priority  scores  by  merit 
reviewers  based  on  the  extent  to  which 
applicants  address  special  areas  of 
concern. 

It  is  not  required  that  applicants 
request  consideration  for  a  funding 
factor.  Applications  which  do  not 
request  consideration  for  funding  factors 
will  be  reviewed  and  given  full 
consideration  for  funding. 


Established  Funding  Priority 

The  following  priority  was  established 
in  FY  1992  dated  March  3, 1992,  (57  FR 
7594)  after  public  comment  and  is  being 
continued  in  FY  1993. 

Community — Oriented  Primary  Care 
Educational  Activities 

A  funding  priority  will  be  given  to 
applications  that  demonstrate  that 
curricular  time  and  educational  offerings 
will  be  devoted  to  demonstrating  and 
achieving  better  preventive /primary 
care  services  for  underserved 
communities,  areas  or  populations. 

Proposed  Funding  Priorities  for  FY  1993 

In  fiscal  year  1993,  the  following 
funding  priorities  are  proposed: 

1.  Educational  Linkages  to  Medically 
Underserved  Communities 

A  funding  priority  will  be  given  to: 

Applications  that  propose  to  provide 
educational  experiences  to  demonstrate 
to  residents  the  provision  of  primary 
care  services  to  underserved 
populations.  These  experiences  must 
include  substantial  training  involving 
one  or  more  of  the  following  eligible 
entities: 

(A)  Underserved  Geographical  Area: 
Inpatient  or  outpatient  health  care 
facilities  located  in  a  Health 
Professional  Shortage  Area  (HPSA), 

PHS  Act,  section  332,  or  in  a  Medically 
Underserved  Area  (MUA)  designated 
under  provisions  of  PHS  Act,  section 
330(b)(3); 

(B)  Facilities  Whose  Purpose  is  Care 
of  Underserved:  Community  Health 
Centers  currently  supported  under  PHS 
Act,  section  330,  Migrant  Health  Centers 
currently  supported  under  PHS  Act, 
section  329,  Homeless  Health  Centers 
supported  under  PHS  Act,  section  340, 
facilities  that  have  formal  arrangements 
to  provide  primary  health  services  to 
public  housing  communities,  hospitals  or 
other  health  care  facilities  of  the  Indian 
Health  Service  and/or  facilities 
operated  by  State  or  local  health 
departments; 

(C)  Underserved  Patient  Populations: 
Facilities  which  do  not  qualify  under  (A) 
and  (B)  above  can  qualify  for  up  to  a  full 
priority  score  based  on  the  percentage 
of  their  patient  visits /hospital 
admissions  that  are  uncompensated  or 
are  compensated  under  the  State 
Medicaid  Program  or  local  programs 
designed  to  reimburse  health  providers 
for  services  to  indigent  populations.  This 
priority  is  designed  to  continue  HRSA'S 
overall  strategy  to  direct  services  to 
those  most  in  need. 


2.  Minorities/Low  Income  Populations 

Programs  which  demonstrate  either 
substantial  progress  over  the  last  3 
years  or  a  significant  experience  of  10  or 
more  years  in  enrolling  and  graduating 
residents  from  those  minority  or  low- 
income  populations  identified  as  at  risk 
of  poor  health  outcomes.  Consideration 
will  also  be  given  to  the  extent  to  which 
enrolled  and  graduating  residents  are 
from  underserved  areas. 

This  priority  is  consistent  with  a 
HRSA  strategy  to  increase  the  number 
of  health  professionals  from  minority 
and  other  at  risk  populations,  to'assure 
equal  access  to  health  professions 
education  for  all  population  groups,  and 
ultimately,  to  provide  greater  volume  of 
health  care  in  underserved  areas. 

3.  HIV/ AIDS/ Substance  Abuse 
Activities 

Applications  that:  (1)  Document 
collaboration  with  a  Regional  HIV/ 

AIDS  Educational  Training  Center  and 
have  implemented,  or  plan  to  implement 
no  later  than  academic  year  1993-94,  a 
comprehensive  training  experience  for 
all  residents  which  includes  counseling 
in  the  prevention  of  HTV  infection,  direct 
patient  care  and  clinical  management  of 
HIV-infected  individuals;  and  (2) 
provide  all  residents  with  an  organized 
clinical  experience  in  the  diagnosis, 
counseling,  treatment  and  referral  of 
substance  abuser  patients/families  or 
present  plans  for  the  implementation  of 
such  a  curriculum  no  later  than 
academic  year  1993-94. 

Health  professionals  are  required  to 
provide  a  wide  range  of  services  for  HTV 
related  diseases.  This  priority  is 
designed  to  emphasize  community 
coordination  and  service  integration. 

4.  Clinical  Preventive  Services 

Applications  that  demonstrate 
sufficient  curricular  time  and  offerings 
devoted  to  teaching  all  residents  about 
the  screening,  counseling  and 
immunization  services  recommended  by 
the  U.S.  Preventive  Services  Task  Force. 

This  primary  care  training  focus  is 
important  for  physicians  who  will  serve 
in  underserved  areas. 

Statutory  Special  Consideration 

Special  consideration  will  be  given  to 
applications  demonstrating  a 
commitment  to  Family  Medicine. 

Proposed  Special  Consideration 

Special  consideration  will  be  given  to 
the  extent  to  which  applicants  enroll 
and  graduate  trainees  from  underserved 
areas. 

This  special  consideration  is  intended 
to  recognize  programs  that  enroll  and 
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graduate  trainees  from  underserved 
areas  because  health  professionals  who 
come  from  underserved  areas  are  more 
likely  to  return  there  upon  completion  of 
training  to  provide  needed  health 
services. 

Additional  Information 

Interested  persons  are  invited  to 
comment  on  the  proposed  funding 
priorities  and  special  consideration.  All 
comments  received  on  or  after  October 
14. 1992  will  be  considered  before  the 
final  funding  priorities  and  special 
consideration  are  established.  No  funds 
will  be  allocated  or  final  selections 
made  until  a  final  notice  is  published 
stating  whether  the  final  priorities  and 
special  consideration  will  be  applied. 

Written  comments  should  be 
addressed  to:  Marc  L.  Rivo,  M.D., 

M.P.H.,  Director.  Division  of  Medicine, 
Bureau  of  Health  Professions,  Health 
Resources  and  Services  Administration, 
5600  Fishers  Lane,  Parklawn  Building, 
room  4C-25,  Rockville,  Maryland  20857. 

All  comments  received  will  be 
available  for  public  inspection  and 
copying  at  the  Division  of  Medicine, 
Bureau  of  Health  Professions,  at  the 
above  address,  weekdays  (Federal 
holidays  excepted)  between  the  hours  of 
8:30  a.m.  and  5  p.m. 

Application  Requests 

Requests  for  application  materials  and 
questions  regarding  grants  policy  and 
•  business  management  issues  should  be 
directed  to:  Mrs.  Mary  Allen,  Grants 
Management  Specialist  (D-15), 

Residency  and  Advanced  Grants 
Section,  Bureau  of  Health  Professions, 
Health  Resources  and  Services 
Administration,  5600  Fishers  Lane, 
Parklawn  Building,  room  8C-26,  * 

Rockville,  Maryland  20857,  Telephone 
(301)  443-6002. 

Completed  applications  should  be 
returned  to  the  Grants  Management 
Office  at  the  above  address. 

If  additional  programmatic 
information  is  needed,  please  contact: 
Chief,  Primary  Care  Medical  Education 
Branch,  Division  of  Medicine,  Bureau  of 
Health  Professions,  Health  Resources 
and  Services  Administration,  5600 
Fishers  Lane,  Parklawn  Building,  room 
4C-04,  Rockville,  Maryland  20857, 
Telephone:  (301)  443-6820. 

The  standard  application  form  PHS 
6025-1,  HRSA  Competing  Training  Grant 
Application,  General  Instructions  and 
supplement  for  this  program  have  been 
approved  by  the  Office  of  Management 
and  Budget  under  the  Paperwork 
Reduction  Act.  The  OMB  clearance 
number  is  0915-0060. 

Public  Law  100-607,  section  633(a), 
requires  that  for  grants  issued  under 


sections  780.  784,  785  and  786  for  FY 
1990  or  subsequent  fiscal  years,  the 
Secretary  of  Health  and  Human  Services 
shall,  not  less  than  twice  each  fiscal 
year,  issue  solicitations  for  applications 
for  such  grants  if  amounts  appropriated 
for  such  grants  and  remaining 
unobligated  at  the  end  of  the  first 
solicitation  period,  are  sufficient  with 
respect  to  issuing  a  second  solicitation. 

The  deadline  date  for  receipt  of 
applications  is  October  15, 1992. 
Applications  shall  be  considered  as 
meeting  the  deadline  if  they  are  either: 

(1)  Received  on  or  before  the  deadline 
date,  or 

(2)  Postmarked  on  or  before  the 
deadline  and  received  in  time  for 
submission  to  the  independent  review 
group.  A  legibly  dated  receipt  from  a 
commercial  carrier  or  U.S.  Postal 
Service  will  be  accepted  in  lieu  of  a 
postmark.  Private  metered  postmarks 
shall  not  be  acceptable  as  proof  of 
timely  mailing. 

Late  applications  not  accepted  for 
processing  will  be  returned  to  the 
applicant. 

This  program  is  listed  at  93.379  in  the 
Catalog  of  Federal  Domestic  Assistance.  It  is 
not  subject  to  the  provisions  of  Executive 
Order  12372,  Intergovernmental  Review  of 
Federal  Programs  (as  implemented  through  45 
CFR  part  100). 

Dated:  August  11, 1992. 

Robert  G.  Hannon, 

Administrator. 

(FR  Doc.  92-22002  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4160-1S-M 


National  Institutes  of  Health 

National  Institute  of  Diabetes  and 
Digestive  and  Kidney  Diseases, 
National  Kidney  and  Urologic  Diseases 
Advisory  Board;  Meeting 

Pursuant  to  Public  Law  92-463,  notice 
is  hereby  given  of  the  meeting  of  the 
National  Kidney  and  Urologic  Diseases 
Advisory  Board  on  October  9, 1992.  The 
meeting  will  begin  at  8  a.m.  and  adjourn 
at  approximately  2  p.m.  The  Board  will 
meet  at  the  Hyatt  Regency  Crystal  City, 
2799  Jefferson  Davis  Highway, 

Arlington,  Virginia.  The  meeting,  which 
will  be  open  to  the  public,  is  being  held 
to  discuss  the  future  activities  of  the 
Board.  Attendance  by  the  public  will  be 
limited  to  space  available. 

Dr.  Ralph  Bain,  Executive  Director, 
National  Kidney  and  Urologic  Diseases 
Advisory  Board,  1801  Rockville  Pike, 
suite  500,  Rockville,  Maryland  20852, 
(301)  496-6045,  will  provide  on  request 
an  agenda  and  roster  of  the  members. 
Summaries  of  the  meeting  may  also  be 
obtained  by  contacting  his  office. 


(Catalog  of  Federal  Domestic  Assistance 
Program  No.  93.847-849,  Diabetes,  Endocrine 
and  Metabolic  Diseases;  Digestive  Diseases 
and  Nutrition;  and  Kidney  Diseases,  Urology 
and  Hematology  Research,  National 
Institutes  of  Health.) 

Dated:  September  8, 1992. 

Susan  K.  Feldman, 

Committee  Management  Officer,  NIH. 

[FR  Doc.  92-22120  Filed  9-11-92;  8:45  am] 
BILLING  CODE  4140-01-M 


National  Biotechnology  Policy  Board; 
Meeting 

Pursuant  to  Public  Law  92-463,  notice 
is  hereby  given  of  a  meeting  of  the 
National  Biotechnology  Policy  Board  on 
October  9, 1992.  The  meeting  will  be 
held  at  the  National  Institutes  of  Health 
(NIH),  Building  31C,  Conference  Room  6, 
9000  Rockville  Pike,  Bethesda,  Maryland 
20892,  starting  at  approximately  9  a.m. 
to  adjournment  at  approximately  5  p.m. 
The  meeting  will  be  open  to  the  public. 

The  Board  will  discuss  the  revised 
report  which  covers:  (1)  Capital 
formation  and  financing  options,  and  (2) 
regulatory  barriers  to 
commercialization. 

Attendance  by  the  public  will  be 
limited  to  space  available.  Members  of 
the  public  wishing  to  speak  at  this 
meeting  may  be  given  such  opportunity 
at  the  discretion  of  the  Chair. 

Dr.  Nelson  A.  Wivel,  Director,  Office 
of  Recombinant  DNA  Activities, 

National  Institutes  of  Health  Building  31, 
room  4B11,  Bethesda,  Maryland  20892, 
telephone  (301)  496-9838,  fax  (301)  496- 
9839,  will  provide  materials  to  be 
discussed  at  this  meeting,  roster  of 
committee  members,  and  substantive 
program  information.  A  summary  of  the 
meeting  will  be  available  at  a  later  date. 

OMB's  “Mandatory  Information 
Requirements  for  Federal  Assistance 
Program  Announcements”  (45  FR  39592, 
June  11, 1980)  requires  a  statement 
concerning  the  official  government 
programs  contained  in  the  Catalog  of 
Federal  Domestic  Assistance.  Normally 
NIH  lists  in  its  announcements  the 
number  and  title  of  affected  individual 
programs  for  the  guidance  of  the  public. 
Because  the  guidance  in  this  notice 
covers  not  only  virtually  every  NIH 
program  but  also  essentially  every 
Federal  research  program  in  which 
biotechnology  could  be  included,  it  has 
been  determined  not  to  be  cost  effective 
or  in  the  public  interest  to  attempt  to  list 
these  programs.  Such  a  list  would  likely 
require  several  additional  pages.  In  lieu 
of  the  individual  program  listing,  NIH 
invites  readers  to  direct  questions  to  the 
information  address  above  about 
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whether  individual  programs  listed  in 
the  Catalog  of  Federal  Domestic 
Assistance  are  affected. 

Dated:  September  9, 1992. 

Susan  K.  Feldman, 

Committee  Management  Officer,  NIH. 

[FR  Doc.  92-22121  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4140-01-M 


National  Cancer  Institute:  Opportunity 
for  a  Cooperative  Research  and 
Development  Agreement  (CRADA)  for 
the  Scientific  and  Commercial 
Development  of  Novel  Heparin-Binding 
Peptides 

agency:  National  Institutes  of  Health, 
PHS,  HHS. 
action:  Notice. 

SUMMARY:  The  National  Cancer  Institute 
(NCI)  of  the  National  Institutes  of 
Health  (NIH)  of  the  Public  Service  (PHS) 
of  the  Department  of  Health  and  Human 
Services  (HHS)  seeks  a  major 
pharmaceutical  company  which  can 
effectively  pursue  the  development  of 
novel  heparin-binding  peptides  for 
which  a  patent  application  has  been 
filed.  NCI  will  enter  into  CRADA 
negotiations  with  the  selected  sponsor. 

It  is  the  intention  of  NCI  that  the 
selected  sponsor  will  be  awarded  a 
CRADA  for  the  co-development  of  these 
peptides. 

ADDRESSES:  Questions  about  this 
opportunity  may  be  addressed  to 
Kathleen  Sybert,  Executive  Secretary, 
CRADA  Selection  Committee,  Office  of 
Technology  Development,  National 
Cancer  Institute  (NCI),  Building  31  room 
4A51,  9000  Rockville  Pike,  Bethesda, 
Maryland  20892,  telephone  number  (301) 
496-0477,  facsimile  number  (301)  402- 
2117.  Further  information  for  proposal 
preparation  may  be  obtained  through  a 
confidentiality  agreement  between  the 
interested  company  and  the  NCI.  This 
information  will  include  forms 
necessary  for  examining,  and  applying 
for  license  to,  existing  relevant  patent 
applications.  Under  the  Collaborative 
Research  and  Development  Agreement 
(CRADA),  the  industrial  collaborator 
may  obtain  an  option  to  negotiate  a 
license  to  government  patent  rights  to 
inventions  arising  under  the  CRADA. 
DATES:  Requests  for  further  information 
must  be  received  on  or  before  October 
29, 1992. 

SUPPLEMENTARY  INFORMATION:  The 

Division  of  Cancer  Biology,  Diagnosis 
and  Centers  (DCBDC)  of  NCI  is  seeking 
to  develop  a  collaborative  relationship 
with  a  major  pharmaceutical  company 
with  the  following  aims: 


(1)  Structure-function  studies  of 
peptide  activity  in  vitro  and  in  vivcr, 

(2)  Preclinical  development  of  the 
synthetic  peptides;  and 

(3)  Clinical  studies  as  warranted. 

A  family  of  related  peptides  have 

been  synthesized  based  on  the  Type  I 
repeats  of  human  thrombospondin  that 
bind  to  heparin  or  related  sulfated 
glycoconjugates  with  high  affinity.  The 
peptides  differ  from  previously 
described  heparin-binding  peptides  in 
that  they  do  not  require  basic  amino 
acid  residues  for  binding  to  heparin.  The 
peptides  are  potent  inhibitors  of 
interactions  of  heparin,  heparin  sulfate 
proteoglycans,  or  related  sulfated 
glycoconjugates  with  adhesion 
molecules,  growth  factors,  cells  and 
some  heparin-dependent  enzymes.  The 
lack  of  charge  should  be  advantageous 
in  formulating  pharmaceutical  agents 
based  on  these  peptides  for  efficient 
delivery  to  their  sites  of  action.  The  high 
potency  of  these  peptides  should  allow 
much  smaller  amounts  of  peptide  to  be 
administered  and  thus  may  reduce  risks 
of  toxicity  and  generation  of  immune 
responses  against  the  peptides. 

The  peptides  have  several  defined 
activities:  (a)  Inhibition  of  binding  of  the 
adhesive  proteins  laminin  and 
thrombospondin  to  heparin  and  heparin 
sulfate  proteoglycans;  (b)  inhibition  of 
adhesive  protein  binding  to  tumor  and 
endothelial  cells;  (c)  promotion  of  tumor 
and  endothelial  cell  adhesion  on  peptide 
coated  substrates;  and  (d)  modulation  of 
tumor  and  endothelial  cell  growth  and 
chemotaxis. 

Preclinical  studies  are  in  progress  to 
characterize  the  activities  of  these 
peptides  in  modulating  tumor  growth, 
metastasis,  and  invasion,  and  in 
inhibiting  angiogenesis.  Studies  will  also 
investigate  potential  use  of  the  peptides 
as  inhibitors  of  pathogen  interactions 
with  sulfated  glycoconjugates  on  host 
cells. 

The  role  of  the  Division  of  Cancer 
Biology,  Diagnosis  and  Centers 
(DCBDC)  of  the  National  Cancer 
Institute  (NCI)  under  the  CRADA  will 
include  the  following: 

1.  The  government  will  continue 
preclinical  development  of  the  peptides 
as  inhibitors  of  tumor  growth  and 
metastasis  in  vitro  and  in  vivo.  Data 
from  these  studies  will  be  provided  to 
the  pharmaceutical  company. 

2.  The  government  will  provide 
available  data  and  expertise  in 
structure-function  relationships  and 
conformational  analysis  of  the  active 
peptides. 

3.  As  appropriate,  the  government  will 
initiate  clinical  trials  under  its 
extramural  clinical  trials  network,  thus 


ensuring  the  clinical  evaluation  of  the 
compound. 

The  role  of  the  successful 
pharmaceutical  company  under  the 
CRADA  will  include  the  following: 

1.  Prepare  and  characterize 
nonmetabolizable  analogs  of  the  active 
peptides  and  provide  these  to  the 
DCBDC,  NCI  for  characterization  as 
angiogenesis  and  metastasis  inhibitors. 

2.  Provide  materials  and  analytical 
support  to  further  investigate  the 
specificity  of  the  active  peptides  for 
interaction  with  glycosaminoglycans 
produced  by  tumor  and  endothelial 
cells. 

3.  Provide  funds  for  preclinical 
development  of  the  peptides  in  vitro  and 
animal  models. 

4.  Provide  planning  and  support  for 
clinical  development  leading  to  FDA 
approval  and  marketing. 

Criteria  for  choosing  the 
pharmaceutical  company  include  the 
following: 

1.  Experience  in  preclinical  and 
clinical  drug  development. 

2.  Experience  and  ability  to  produce, 
package,  market,  and  distribute 
pharmaceutical  products  in  the  United 
States  and  to  provide  the  product  at  a 
reasonable  price. 

3.  A  willingness  to  cooperate  with  the 
Public  Health  Service  in  the  collection, 
evaluation,  publication,  and 
maintenance  of  data  from  clinical  trials 
of  investigational  agents. 

4.  A  willingness  to  cost  share  in  the 
development  of  heparin  binding 
peptides  as  outlined  above.  This 
includes  acquisition  of  material  and 
synthesis  of  heparin  binding  peptides  in 
adequate  amounts  as  needed  for  future 
clinical  trials  and  marketing. 

5.  An  agreement  to  be  bound  by  the 
DHHS  rules  involving  human  and 
animal  subjects. 

6.  The  aggressiveness  of  the 
development  plan,  including  the 
appropriateness  of  milestones  and 
deadlines  for  preclinical  and  clinical 
development. 

7.  Provisions  for  equitable  distribution 
of  patent  rights  to  any  inventions  arising 
under  the  CRADA.  Generally  the  rights 
of  ownership  are  retained  by  the 
organization  which  is  the  employer  of 
the  inventor,  with  (1)  An  irrevocable, 
nonexclusive,  royalty-free  license  to  the 
Government  (when  a  company 
employee  is  the  sole  inventor)  or  (2)  an 
option  to  negotiate  an  exclusive  or 
nonexclusive  license  to  the  company  on 
terms  that  are  appropriate  (when  a 
Government  employee  is  the  sole 
inventor). 
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Dated:  August  14, 1962. 

Reid  G.  Adler, 

Director,  Office  of  Technology  Transfer, 
National  Institutes  of  Health. 

(FR  Doc.  92-22061  Filed  9-11-92;  8:45  am] 
BtLUMQ  coot  4140-01-41 


DEPARTMENT  OF  HOUSING  AND 
URBAN  DEVELOPMENT 

Office  of  the  Assistant  Secretary  for 
Public  and  Indian  Housing 

[Docket  No.  N-92-3194;  FR-2917-N-03] 

Public  Housing  Drug  Elimination, 
Technical  Assistance  Program; 
Announcement  of  Funding  Awards 

agency:  Office  of  the  Assistant 
Secretary  for  Public  and  Indian  Housing, 
HUD. 

ACTION:  Announcement  of  funding 
awards. 

summary:  In  accordance  with  section 
102(a)(4)(C)  of  the  Department  of 


Housing  and  Urban  Development 
Reform  Act  of  1989,  this  announcement 
notifies  the  public  of  third  quarter 
funding  decisions  made  by  the 
Department  in  a  competition  for  funding 
under  the  Notice  of  Public  Housing  Drug 
Elimination,  Technical  Assistance 
Program;  Fund  Availability — FY 1991. 
The  announcement  contains  the  names 
and  addresses  of  the  award  winners  and 
the  amounts  of  the  awards. 

FOR  FURTHER  INFORMATION  CONTACT: 
Elizabeth  A.  Cooke,  Drug-Free 
Neighborhoods  Division,  Office  of 
Resident  Initiatives,  Department  of 
Housing  and  Urban  Development,  451 
Seventh  Street,  SW.,  Washington.  DC 
20410,  telephone  (202)  708-1197.  The 
TDD  number  for  the  hearing  impaired  is 
(202)  708-0850.  (These  are  not  toll-free 
numbers.) 

SUPPLEMENTARY  INFORMATION:  The 

purpose  of  the  competition  was  to 
provide  short-term  technical  assistance 
to  public  housing  agencies  (PHAs), 
Indian  housing  authorities  (IHAs), 


resident  management  corporations,  and 
incorporated  resident  councils.  The 
technical  assistance  was  intended  to 
better  prepare  and  educate  public 
housing  and  resident  organization 
officials  to  confront  the  widespread 
abuse  of  controlled  substances  In  public 
housing  communities. 

The  third  quarter  1991  awards 
announced  in  this  Notice  were  selected 
for  funding  in  a  competition  announced 
in  a  Federal  Register  Notice  published 
on  April  11. 1991  (56  FR  14826). 
Applications  were  scored  and  selected 
for  funding  on  the  basis  of  selection 
criteria  contained  in  that  Notice 

A  total  of  $183,496  was  awarded  to  32 
PHAs,  IHAs,  and  resident  groups.  In 
accordance  with  section  102(a)(4)(C)  of 
the  Department  of  Housing  and  Urban 
Development  Reform  Act  of  1989  (Pub. 

L  101-235,  approved  December  15, 

1989),  the  Department  is  publishing  the 
names,  addresses,  and  amounts  of  those 
awards  as  follows: 


Public  Housing  Drug  Elimination,  Technical  Assistance  Program;  Fund  Availability— FY  1991 


Karriem  Shabazz,  3150  Borge  St,  Oakton,  VA  22124 _ 

Stephen  Wright,  8437  E.  Saddtebrook,  N.  Charleston.  SC  29403 _ 

Richard  Keefe.  48  Goetze  Street  Bay  Head,  NJ  08742 _ 

Alexander  Sutton,  LST  Group.  1133  Kensington  Ave.,  Plainfield. 
NJ  07060. 

Gerard  Lee,  LST  Group,  1133  Kensington  Ave.,  Plainfield,  NJ 
07060. 

Richard  Keefe.  48  Goetze  Street  Bay  Head.  NJ  08742 _ 

Richard  Keefe.  48  Goetze  Street  Bay  Head,  NJ  08742 _ 

Beverly  McLendon,  879  Twhs.  1  Lucas  Ck.,  Newport  News,  VA 
23602. 

Karriem  Shabazz,  3150  Borge  St.  Oakton,  VA  22124 _ 

Stephen  Wright  8437  E  Saddlebrook,  N.  Charleston,  SC  29403 _ 

Judith  Dekle,  1412  W.  Colonial  Dr..  Orlando.  FL  32804 _ 

PERF,  2300  M  St,  NW„  Washington.  DC  20037 _ 

Chartena  Bray.  2328  Second  Ave..  No.,  Birmingham,  AL  35203 _ 

John  T.  Phillips,  302  N.  Lee  St,  Ayden,  NC  28513 _ 

Lillian  Young,  1447  Peachtree  St,  522,  Atlanta,  GA  30309 . . 

Debra  Williams  House,  1809  Fairpointe  Trace,  Stone  Mountain, 
GA  30088. 

Rudy  Buchanan,  745  East  So.  Mountain,  Phoenix,  AZ  85040..— . 

Navajo  Townsrte,  Development  Corp.,  P.O.  Box  1280,  Navajo 
Nation.  NM  87328. 

Ricardo  Jasso.  P.O.  Box  1615,  Casa  Grande.  AZ  85222 . 

Barbara  Warner  Ross,  4900  N.W.  36th  St,  Oklahoma  City,  OK 
73122. 

Ricardo  Jasso.  P.O.  Box  1615,  Casa  Grande,  AZ  85222. _ _ 

Barbara  Warner  Ross,  4900  N.W.  36th  St,  Oklahoma  City.  OK 
73122. 

Susan  Guyette,  128  Rio  Seco,  Santa  Fe,  NM  87501 _ _ _ 


Ricardo  Jasso,  P.O.  Box  1615,  Casa  Grande,  AZ  65222 _ 

Barbara  Warner  Ross,  4900  N.W.  36th  St.,  Oklahoma  City.  OK 
73122. 

Dikta  McFadden,  2030  He#  Avenue,  El  Centro,  CA  92234 . . . 

Leon  Watkins.  220  E  60th  St.  Los  Angeles,  CA  90011 _ 

George  Waters,  EDTEC.  309  Market  St.  302,  Camden,  NJ  08102.. 

Steve  Mariotti,  64  Fulton  St.,  700,  New  York.  NY  10038 _ 


PRIDE  Training,  1240  Johnson  Ferry  PL,  Suite  F10,  Marietta.  GA 
30038. 

WEST  Consulting.  34956  Seavey  Loop,  56.  Eugene,  OR  97405 _ 


HA/RMC/RO 


Florence  HA.  620  W.  Third  St.  Florence.  NJ  08518 - 

Florence  HA,  620  W.  Third  Str.,  Florence,  NJ  08518- . . 

Red  Bank  HA,  P.O.  box  2158,  Red  Bank,  NJ  07701 . . . 

New  Brunswick  HA,  P.O.  Box  220,  New  Brunswick,  NJ  06903 . 

East  Orange  HA,  160  Halsted  St.  East  Orange,  NJ  07018 - 

North  Bergen  HA,  6121  Grand  Ave.,  North  Bergen,  NJ  07047 - 

Salem  HA,  205  Seventh  St,  Salem,  NJ  08079 - 

Chesapeake  Redevelopment  and  HA,  P.O.  Box  1304,  Chesa¬ 
peake,  VA  23802. 

Bluefield  HA,  P.O.  Box  1475,  Bluefield.  WV  24701 - - 

Blue  field  HA,  P.O.  Box  1475,  Bluefield,  WV  24701 - - - 

Winter  Park  HA  718  Margaret  Sq.,  Winter  Park,  FL  32789 - 

Lexington  HA,  635  Ballard  St,  Lexington,  KY  40508 - 

Jefferson  County  HA  2100  Walker  Chapel  Rd.,  Fultondale,  AL 
35066 

Plymouth  HA  306  W.  Water  St,  Plymouth,  NC  27962 . . 

Juniper/ 10th  RMC,  150  Tenth  St.  NE,  Atlanta,  GA  30309  . . . 

Detroit  Housing  Dept,  221 1  Orleans,  Detroit,  Ml  48207 - - 

Beaumont  HA  P-O.  Box  1312,  Beaumont,  TX  77704 - 

Navajo  tHA  P.O.  Box  387,  Window  Rock,  Navajo  Nation,  AZ 
86515. 

Kiowa  IHA  P.O.  Box  847,  Anadarko,  OK  73005 . . . . 

Kiowa  IHA,  P.O.  Box  847,  Anadarko,  OK  73005.— . . . 

Absentee  Shawnee  IHA  P  O.  Box  425,  Shawnee,  OK  74802 - 

Absentee  Shawnee  IHA  P.O.  Box  425,  Shawnee,  OK  74802 - 

Blackfeet  Resident  Organization,  P.O.  Box  864,  Browning,  MT 
59417. 

Choctaw  IHA  P.O.  Box  G,  Hugo,  OK  74743 _ _ 

Choctaw  IHA  P.O.  Box  G,  Hugo,  OK  74743 - 

Calexico  HA,  1006  Ea.  Fifth  St.,  Calexico,  CA  92231.. - - 

Nickerson  Gardens  RMC,  Resident  Mgmt  Corp.,  1593  E.  114th 
St,  1108  Los  Angeles,  CA  90054. 

Nickerson  Gardens  RMC,  Resident  Mgmt  Corp.,  1593  E  114th 
St..  1 108  Los  Angeles,  CA  90054. 

Nickerson  Gardens  RMC,  Resident  Mgmt  Corp.,  1593  E.  114th 
St..  1108  Los  Angeles,  CA  90054. 

Yamhill  County  HA  414  No.  Evans  St,  McMinnvitte,  OR  97128- 
4607. 

SHetz  Indian  HA  P.O.  Box  549,  Stletz,  OR  97380 _ _ _ 
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Region 

Recipient 

HA/RMC/RO 

Amount 

Joseph  White-Eyes,  6028  N.  Paulina,  Chicago,  IL  60660 . 

Colville  IHA,  P.O.  Box  528,  Nespelem,  WA  99155 . 

— 

4,712 

Dated:  September  4, 1992. 

Joseph  G.  Schiff, 

Assistant  Secretary  for  Public  and  Indian 
Housing. 

[FR  Doc.  92-21985  Filed  9-11-92;  8:45  am] 
BILLING  CODE  4210-33-M 


DEPARTMENT  OF  THE  INTERIOR 
Bureau  of  Land  Management 

[NM-920-02-41 10-09] 

Availability  of  the  Draft  Dark  Canyon 
Environmental  Impact  Statement  (EIS) 

agency:  Bureau  of  Land  Management, 
Interior. 

ACTION:  Notice  of  availability  of  the 
Draft  Dark  Canyon  EIS,  60-day  comment 
period,  and  public  hearing. 

summary:  The  Bureau  of  Land 
Management  (BLM),  New  Mexico  State 
Office,  announces  the  availability  of  the 
Draft  Dark  Canyon  EIS  for  public  review 
and  comment.  This  document  analyzes 
the  impacts  on  the  environment  from 
reasonable  foreseeable  development  of 
oil  and  gas  resources  within  Dark 
Canyon,  located  in  Eddy  County,  New 
Mexico.  This  includes  the  Proposed 
Action,  Yates  Energy  Corporation’s 
application  for  permit  to  drill  (APD)  the 
Diamondback  Federal  No.  1  well  on 
federal  lease  NM-62161. 

The  Dark  Canyon  EIS  study  area 
encompasses  approximately  8,320  acres 
and  lies  about  10  miles  southwest  of  the 
City  of  Carlsbad.  The  study  area  is  in 
the  BLM’s  Carlsbad  Resource  Area  and 
totally  encompasses  the  Dark  Canyon 
Special  Management  Area  (SMA),  noted 
for  its  rugged  and  scenic  landscape  and 
cave  resources. 

The  intent  of  the  IES  is  to  provide  a 
full  discussion  of  all  significant  impacts 
and  cumulative  effects  that  may  result 
from  full  field  development.  It  will 
inform  the  decisionmaker  (the  BLM  New 
Mexico  State  Director]  and  the  public  of 
reasonable  alternatives  that  would 
avoid  or  minimize  adverse  impacts  or 
enhance  the  quality  of  the  human 
environment. 

The  BLM  is  the  lead  agency  for  the 
EIS,  since  the  Bureau  is  responsible  for 
permitting  oil  and  gas  exploration  on 
federal  mineral  estate.  The  National 
Park  Service  (NPS)  is  a  cooperating 
agency  because  the  study  area  borders 


Carlsbad  Caverns  National  Park  to  the 
south  which  includes  Lechuguilla  Cave. 
DATES:  The  public  comment  period  for 
this  document  runs  from  September  18, 
1992,  to  November  20, 1992.  Written 
comments  on  the  Draft  EIS  must  be 
submitted  or  postmarked  no  later  than 
November  20, 1992.  Oral  and/or  written 
comments  may  also  be  presented  at  a 
public  hearing  to  be  held  October  22, 
1992,  at  the  Hotel  Stevens  in  Carlsbad, 
New  Mexico,  beginning  at  7  p.m.  Oral 
comments  will  be  limited  to  10  minutes 
and  should  be  accompanied  with  a 
written  statement.  An  informal  open 
house  will  be  held  just  prior  to  the 
public  hearing  at  the  same  location  from 
6  to  7.  p.m.  to  answer  questions. 
ADDRESSES:  Written  comments  on  the 
document  should  be  sent  to:  Bureau  of 
Land  Management,  New  Mexico  State 
Office,  ATTN:  Joe  Incardine  (NM-911), 
P.O.  Box  27115,  Santa  Fe,  New  Mexico, 
87502-0115.  A  limited  number  of  copies 
of  the  Draft  EIS  are  available  at  this 
address  as  well  as  the  BLM's  Roswell 
District  Office  and  Carlsbad  Resource 
Area  Office.  Public  reading  copies  are 
available  at  the  federal  depository 
libraries  in  New  Mexico  and  public 
libraries  within  Eddy,  Chaves,  and  Lea 
Counties. 

FOR  FURTHER  INFORMATION  CONTACT: 

Joe  Incardine,  EIS  Team  Leader,  at  (505) 
438-7458  or  at  the  above  address. 
SUPPLEMENTARY  INFORMATION:  The  two 
major  resources  identified  as  potentially 
being  impacted  are  BLM  and  NPS 
administered  caves,  especially 
Lechuguilla  Cave  on  adjacent  NPS 
lands,  and  the  Capitan  aquifer,  which 
supplies  drinking  water  to  the  City  of 
Carlsbad.  The  Dark  Canyon  EIS 
analyzes  five  alternatives  in  order  that 
management  concerns  and  the  issues 
raised  during  scoping  may  be  addressed 
for  drilling  and  producing  oil  and  gas 
resources.  The  alternatives  to  the 
proposed  action  incorporate 
management  prescriptions  for  the 
proposed  Diamondback  Federal  #1  well 
and  other  foreseeable  wells  which 
specifically  protect  cave  resources 
through  avoidance  and  mitigation. 

The  five  alternatives  developed  for 
the  EIS  are:  (A)  The  proposed  action  and 
conventional  drilling  within  the  EIS 
study  area:  (B)  no  action  alternative — 
Deny  the  APD  and  future  drilling  within 
the  EIS  study  area;  (C)  The  Preferred 


Alternative — Relocate  the  well  pad,  and 
use  enhanced  precautionary  operations 
within  the  EIS  study  area;  (D) 
Directionally  drill  from  an  existing  well 
pad,  and  use  enhanced  precautionary 
operations  within  the  EIS  study  area;  (E) 
Directionally  and  vertically  drill  to 
multiple  targets,  and  use  enhanced 
precautionary  operations  within  the  EIS 
study  area. 

Under  the  preferred  alternative  (C), 
foreseeable  wells  would  avoid  all 
known  lineaments,  natural  potential 
anomalies,  and  significant  helium 
measurements  in  order  to  avoid  the 
likelihood  of  impacting  an  undiscovered 
cave  on  BLM  lands  or  fracture  which 
may  communicate  with  Lechuguilla 
Cave  on  NPS  lands.  It  also  allows  Yates 
Energy  Corporation  the  opportunity  to 
drill  in  reasonable  proximity  to  their 
intended  target  to  test  all  potentially 
productive  formations  without  using  the 
more  costly  and  problem-prone 
directional  drilling.  Mitigative  measures 
would  be  used  to  diminish  the  impacts 
to  unknown  caves.  Monitoring  by  a  BLM 
drilling  representative  would  ensure  that 
approved  mitigative  measures  are 
executed  by  operators  within  the  study 
area. 

Formal  and  informal  public 
participation  has  occurred  throughout 
the  EIS  process.  The  Notice  of  Intent 
(NOI)  to  prepare  this  EIS  was  published 
in  the  Federal  Register  on  October  10, 
1991,  which  also  announced  the  public 
scoping  meeting  held  in  Carlsbad,  New 
Mexico.  Following  publication  of  the 
NOI,  a  scoping  package  of  information 
and  a  questionnaire  was  sent  to  over  200 
agencies  and  interested  publics 
soliciting  comments  on  the  proposed 
action,  mitigative  measures,  and 
alternatives.  Since  then,  two  additional 
letters  were  sent  to  provide  updates  to 
the  public  on  the  issues  and  alternatives 
and  solicit  comments  on  proposed 
mitigative  measures. 

Important  Note:  Reviewers  should  retain 
the  Draft  EIS  for  future  reference,  since  the 
Final  EIS  may  not  reproduce  the  draft  text  in 
full. 

Dated:  September  4, 1992. 

Larry  L.  Woodard, 

State  Director. 

(FR  Doc.  92-21950  Filed  9-11-92;  8:45  am] 

BILLING  COOE  4310-FB-M 
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[ID-030-02-4212- 13  [  (CM- 2 5636] 

Realty  Action  Involving  Private 
Exchange  of  Public  Lands  in  Bannock 
County,  Idaho 

agency:  Bureau  of  Land  Management 
Interior. 

action:  Private  Exchange  Involving 
Public  Lands  in  Bannock  County,  Idaho. 

SUMMARY:  The  following  described 
public  land  in  Bannock  County,  Idaho 
has  been  determined  to  be  suitable  for 
disposal  by  exchange  under  section  206 
of  the  Federal  Land  Policy  and 
Management  Act  of  1976,  43  U.S.C.  1716: 

Boise  Meridian,  Idaho 
T.  7  S..  R.  35  E.. 

Sec.  29.  WVfeSEV«; 

Sec.  32.  NV4NWVL 

The  area  described  contains  160 
acres,  more  or  less. 

In  exchange  for  these  lands,  the 
Federal  Government  will  acquire  a  tract 
of  non-federal  land  in  Bannock  County 
from  Edward  A.  DeSano,  Jr.,  described 
as  follows: 

Boise  Meridian,  Idaho 

T.  7  S..  R.  35  E.. 

Sea  33.  NVfcSEY*; 

Sec.  34.  WttSWtt. 

The  area  described  contains  160 
acres,  more  or  less. 

The  purpose  of  the  exchange  is  to 
acquire  the  non-federal  lands  for  use  in 
wildlife  habitat  and  grazing  and  riparian 
management.  The  exchange  is 
consistent  with  the  Bureau's  planning 
for  the  lands  involved  and  has  been 
discussed  with  county  and  state 
officials.  The  public  interest  will  be 
served  by  making  the  exchange. 

The  value  of  the  lands  to  be 
exchanged  is  approximately  equal,  and 
the  acreage  will  be  adjusted  or  money 
will  be  used  to  equalize  the  values  upon 
completion  of  the  final  appraisal  of  the 
lands. 

The  terms  and  conditions  applicable 
to  the  exchange  are:  The  reservation  to 
the  United  States  of  a  right-of-way  for 
ditches  and  canals  constructed  by  the 
authority  of  the  United  States,  Act  of 
August  30. 1890  (43  U.S.C.  945). 

The  publication  of  the  notice  in  the 
Federal  Register  will  segregate  the 
public  lands  described  above  to  the 
extent  that  they  will  not  be  subject  to 
appropriation  under  the  public  land 
laws,  including  the  mining  laws. 

As  provided  by  the  regulations  of  43 
CFR  2201.1(b),  any  subsequently 
tendered  application,  allowance  of 
which  is  discretionary,  shall  not  be 
accepted,  shall  not  be  considered  as 
filed,  and  shall  be  returned  to  the 
applicant. 


SUPPLEMENTARY  INFORMATION:  Detailed  . 
information  concerning  the  exchange, 
including  the  environmental  assessment 
is  available  for  review  at  the  Pocatello 
Resource  Area  Office,  Federal  Building, 
room  172,  250  South  4th  Ave.,  Pocatello, 
Idaho  83201. 

For  a  period  of  45  days  from  the  date 
of  publication  of  this  notice,  interested 
parties  may  submit  comments  to  the 
Idaho  Falls  District  Office,  Bureau  of 
Land  Management  940  Lincoln  Road, 
Idaho  Falls.  Idaho  83401. 

Dated:  September  2, 1992. 

Lloyd  H.  Ferguson, 

District  Manager. 

[FR  Doc  92-21941  Filed  9-11-92;  8:45  am) 
BILUNG  COO£  4310-OG-M 


Fish  and  Wildlife  Service 

Availability  of  a  Technical/ Agency 
Draft  Recovery  Plan  for  Schoepfia 
Arenaria  for  Review  and  Comment 

agency:  Fish  and  Wildlife  Service, 
Interior. 

ACTION:  Notice  of  document  availability. 

SUMMARY:  The  Fish  and  Wildlife  Service 
(Service)  announces  the  availability  for 
public  review  of  a  Recovery  Plan  for  the 
Schoepfia  arenaria.  A  final  Recovery 
Plan  for  this  species  was  prepared. 
However,  since  a  notice  of  availability 
of  a  Technical/ Agency  Draft  was 
erroneously  not  submitted  to  the  Federal 
Register,  the  Service  may  revise  the 
Recovery  Plan  if  any  substantial 
comments  are  received. 

DATES:  Comments  on  the  recovery  plan 
must  be  received  on  or  before  October  8, 
1992  to  receive  consideration  by  the 
Service. 

ADDRESSES:  Persons  wishing  to  review 
the  recovery  plan  may  obtain  a  copy  by 
contacting  the  Southeast  Regional 
Office,  Richard  B.  Russell  Federal 
Building,  75  Spring  Street  SW.,  Atlanta, 
Georgia  30303.  Written  comments  and 
materials  regarding  the  plan  should  be 
addressed  to  Field  Supervisor. 
Caribbean  Field  Office,  P.O.  Box  491, 
Boquerdn,  PR  00622.  Comments  and 
materials  are  available  on  request  for 
public  inspection,  by  appointment, 
during  normal  business  hours  at  the 
above-mentioned  address. 

FOR  FURTHER  INFORMATION  CONTACT. 
Ms.  Marelisa  Rivera,  Caribbean  Field 
Office,  P.O.  Box  491,  Boquerdn.  PR  00622 
(809/851-7297). 

SUPPLEMENTARY  INFORMATION: 
Background 

Restoring  an  endangered  or 
threatened  animal  or  plant  to  the  point 


where  it  is  again  a  secure,  self- 
sustaining  member  of  its  ecosystem  is  a 
primary  goal  of  the  U.S.  Fish  and 
Wildlife  Service’s  endangered  species 
program.  To  help  guide  the  recovery 
effort,  the  Service  is  working  to  prepare 
recovery  plans  for  most  of  the  listed 
species  native  to  the  United  States. 
Recovery  plans  describe  actions 
considered  necessary  for  conservation 
of  the  species,  establish  criteria  for  the 
recovery  levels  for  the  downlisting  or 
delisting  them,  and  estimate  time  and 
cost  for  implementing  the  recovery 
measures  needed. 

The  Endangered  Species  Act  of  1973 
(Act),  as  amended  (16  U.S.C.  1531  et 
seq.)  requires  the  development  of 
recovery  plans  for  listed  species  unless 
such  a  plan  would  not  promote  the 
conservation  of  a  particular  species. 
Section  4(f)  of  the  Act,  as  amended  in 
1988,  requires  that  public  notice  and  an 
opportunity  for  public  review  and 
comments  be  provided  during  recovery 
plan  development.  The  Service  will 
consider  all  information  presented 
during  a  public  comment  period  prior  to 
approval  of  each  new  or  revised 
Recovery  Plan.  The  Service  and  other 
Federal  agencies  will  also  take  these 
comments  into  account  in  the  course  of 
implementing  approved  recovery  plans. 

This  Recovery  Plan  is  for  Schoepfia 
arenaria,  a  small  evergreen  tree 
endemic  to  Puerto  Rico.  The  historical 
range  of  the  species  included  the  coastal 
forests  of  northern  Puerto  Rico. 

However,  deforestation  and  limestone 
hills  destruction  for  industrial,  urban, 
and  tourist  expansion  have  restricted 
the  species  to  4  localities:  Isabela, 
Pinones,  Fajardo,  and  Rio  Abajo 
Commonwealth  Forest.  Approximately 
150  individuals  occur  on  privately 
owned  land,  a  single  individual  is  found 
in  the  Rio  Abajo  Commonwealth  Forest, 
and  approximately  50  individuals  are 
found  in  Fajardo.  It  is  threatened  by 
development  projects  in  Isabela,  and  by 
illegal  land  acquisition  in  Piiiones. 

Public  Comments  Solicited 

The  Service  solicits  written  comments 
on  the  recovery  plan  described.  AH 
comments  received  by  the  date  specified 
above  will  be  considered  for  inclusion  in 
the  Recovery  Plan. 

Authority:  The  authority  for  this  action  is 
section  4(f)  of  the  Endangered  Species  Act,  16 
U.S.C.  1533(f). 

Dated:  September  2, 1992. 

James  P.  OLand, 

Field  Supervisor. 

(FR  Doc.  92-22049  Filed  9-11-92;  8:45  am) 
BHJJMQ  CODE  4310-SS-M 
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National  Park  Service 

El  Malpais  National  Monument; 

Revision  of  Park  Boundary 

agency:  National  Park  Service,  Interior. 
notice:  El  Malpais  National  Monument; 
Revision  of  Park  Boundary. 

Public  Law  100-225  established  El 
Malpais  National  Monument  on 
December  31, 1987.  The  May  1987  map, 
referenced  in  the  legislation  as  "El 
Malpais  National  Monument  and 
National  Conservation  Area"  and 
numbered  NM-ELMA-80.001B  identified 
the  area  of  the  monument  as  being 
114,886.68  acres.  Section  506(e)  of  Public 
Law  100-225  indicates  if  discrepancies 
exist  between  cited  acreage  and  the 
lands  depicted  on  referenced  maps,  the 
maps  shall  control. 

Since  establishment  of  the  monument, 
the  National  Park  Service  has 
developed,  in  conjunction  with  the 
Bureau  of  Land  Management, 
recommendations  for  a  number  of 
revisions  to  the  original  monument 
boundary.  The  purpose  of  these 
revisions  is  to  improve  the 
manageability  of  the  monument  by 
reducing  the  number  of  incompatible 
land  uses  within  its  boundaries. 

A  water  tank  and  windmill  that 
provide  the  only  livestock  water  to  a 
ranching  operation  on  adjacent  private 
land  should  be  deleted  from  the 
monument.  A  total  of  2.94  acres  are 
involved  in  Section  21,  Township  7 
North,  Range  12  West  of  the  New 
Mexico  Principal  Meridian. 

A  total  of  30.37  acres  should  be  added 
to  the  monument  in  the  NWV4  of  Section 
29,  Township  9  North,  Range  12  West  of 
the  New  Mexico  Principal  Meridian. 
These  30.37  acres  are  adjacent  to 
County  Road  42,  which  will  be  the 
primary  access  route  for  visitors  to  the 
western  portion  of  the  monument. 

The  boundary  of  the  interagency 
visitor  center  site,  also  known  as  Tract 
No.  101-01,  should  be  revised.  Along  the 
north  boundary,  24.78  acres  should  be 
added  for  increased  accessibility  to  the 
site  and  to  prevent  incompatible 
development.  In  Sections  7  and  18  of 
Township  10  North,  Range  9  West  of  the 
New  Mexico  Principal  Meridian,  732.36 
acres  should  be  deleted  to  allow  for 
continued  grazing  use.  In  Sections  6  and 
7  of  Township  10  North,  Range  9  West  of 
the  New  Mexico  Principal  Meridian, 

19.23  acres  of  existing  commercially 
developed  land  should  be  deleted. 

A  further  addition  of  98.44  acres  and 
deletion  of  16.49  acres  are  recommended 
because  of  the  availability  of  more 
accurate  highway  and  subdivision 
survey  data  at  six  locations  within  the 
monument. 


In  summary,  seven  changes  will  add 
153.59  acres  and  four  changes  will  delete 
771.02  acres,  creating  a  net  decrease  of 
617.43  acres  in  this  proposed  minor 
boundary  revision.  Most  of  the  acreage 
deleted  from  the  monument  will  be 
added  to  the  conservation  area.  The 
authority  for  implementing  this  action  is 
the  Land  and  Water  Conservation  Fund 
Act.  as  amended,  16  U.S.C.  460/-9(c). 

Therefore,  notice  is  hereby  given  that 
in  accordance  with  the  Land  and  Water 
Conservation  Fund  Act,  as  amended,  the 
boundary  of  El  Malpais  National 
Monument  should  be  revised  as 
described  above  and  as  approved  by 
both  the  Bureau  of  Land  Management 
and  the  National  Park  Service  on 
February  25, 1991.  The  revised  boundary 
is  depicted  on  a  map  entitled  “Boundary 
Map,  El  Malpais  National  Monument  & 
Conservation  Area,”  Drawing  No.  103/ 
80.001D,  and  dated  September  24, 1990. 
This  map  is  on  Hie  and  available  for 
inspection  in  the  Office  of  the  National 
Park  Service,  Department  of  the  Interior; 
the  Office  of  the  Southwest  Region, 
National  Park  Service;  and  the  Office  of 
the  Superintendent,  El  Malpais  National 
Monument. 

Dated:  June  26, 1992. 

John  E.  Cook, 

Regional  Director,  South  west  Region. 

[FR  Doc.  92-22112  Filed  9-11-92;  8:45  am] 
BILLING  CODE  4310-70-M 


Intent  To  Prepare  a  Draft 
Environmental  Impact  Statement 
(DEIS);  Erosion  Control  for  the  North 
End  of  Assateague  Island  National 
Seashore,  MD 

agency:  Assateague  Island  National 
Seashore,  National  Park  Service,  U.S. 
Department  of  the  Interior. 

ACTION:  Notice  of  Intent  to  prepare  a 
Draft  Environmental  Impact  Statement 
(DEIS). _ 

summary: 

1.  Description  of  the  Proposed  Action 

Subsequent  to  a  hurricane  in  1933, 
stabilization  and  maintenance  of  the 
inlet  formed  at  Ocean  City,  Maryland 
has  resulted  in  sediment  starvation  at 
the  north  end  of  Assateague  Island. 
Erosion  and  landward  migration  of  the 
Island  have  accelerated. 

National  Park  Service  management 
policies  generally  preclude  interference 
with  natural  shoreline  processes  in 
undeveloped  areas.  However,  because 
of  the  potentially  adverse  impacts  on 
natural  resources,  park  facilities  and 
private  facilities  landward,  the  National 
Park  Service  sponsored  a  workshop  to 
identify  appropriate  management 


alternatives.  The  alternatives  represent 
engineering  responses  of  differing 
intensities  designed  to  delay  or  prevent 
realization  of  the  No  Action  scenario — 
future  shoreline  retreat  toward  the 
mainland  and  a  new  inlet  to  the  south  in 
2020.  Other  alternatives  include 
maintenance  of  the  existing  shoreline; 
restore  to  1965  shoreline  with  no 
maintenance;  restore  to  1965  shoreline 
maintaining  erosion  rate;  development 
of  an  artificial  dime  in  the  overwash 
zone;  and  maintaining  an  artificial  dune 
in  the  overwash  zone  and  maintain  the 
shoreline  position.  The  National  Park 
Service  is  interested  in  identifying  and 
analyzing  the  most  recent  information 
on  the  subject  and  the  impact  and  cost 
of  any  other  feasible  options  prior  to 
deciding  on  a  specific  plan  of  action. 

The  DEIS  will  provide  this  analysis  and 
respond  to  major  issues  of  concern 
which  may  be  identified  by  the  public. 

2.  Scoping  Process 

Public  Involvement:  Workshops/ 
public  meetings  will  be  held  with  time 
and  location  to  be  announced.  The 
public  is  encouraged  to  attend  and 
submit  verbal  and/or  written  comments 
on  the  proposed  EIS.  Comments 
concerning  erosion  control  at  the  north 
end  of  Assateague  Island  National 
Seashore  should  be  received  within  30 
days  of  scoping  meetings.  The  draft  and 
final  EIS  will  be  distributed  for 
comments  to  all  known  interested 
parties  and  appropriate  agencies.  Full 
public  participation  by  interested 
Federal,  state  and  local  agencies  as  well 
as  other  concerned  organizations  and 
private  citizens  is  invited. 

FOR  FURTHER  INFORMATION  CONTACT: 

Mr.  Robert  Gift,  Mid-Atlantic  Region, 
National  Park  Service,  Custom  House, 
2nd  &  Chestnut  Streets,  Philadelphia, 

PA.  19106,  Telephone  (215)  597-3503. 
Roger  Rector,  Superintendent,  Route  611, 
7206  National  Seashore  Lane,  Berlin, 

Md.  21811,  Telephone  (301)  641-1443. 
Joseph  W.  Gorrell, 

Acting  Regional  Director. 

[FR  Doc.  92-22027  Filed  9-11-92;  8:45  am] 
BILLING  COOE  4310-70-M 


General  Management  Plan/ 
Environmental  Impact  Statement 
Chlricahua  National  Monument  and 
Fort  Bowie  National  Historic  Site 
Arizona;  Intent  To  Prepare  a  General 
Management  Plan/Environmental 
Impact  Statement  for  Chlricahua 
National  Monument  and  Fort  Bowie 
National  Historic  Site 

SUMMARY:  The  National  Park  Service 
will  prepare  a  General  Management 
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Plan/Environmental  Impact  Statement 
(GMP/EIS)  for  Chiricahua  National 
Monument  and  Fort  Bowie  National 
Historic  Site,  Arizona,  and  initiate  the 
scoping  process  for  this  document.  This 
notice  is  in  accordance  with  40  CFR 
1501.7  and  40  CFR  1508.22,  of  the 
regulation  of  the  President’s  Council  on 
Environmental  Quality  for  the  National 
Environmental  Policy  Act  of  1969,  Public 
Law  91-150. 

Issues  at  Chiricahua  National 
Monument  to  be  addressed  in  the  GMP/ 
EIS  include,  but  are  not  limited  to:  Park 
boundary  adjustments;  administrative 
facilities;  visitor  facilities;  VIP  facilities; 
utility  systems;  circulation;  treatment  of 
the  Faraway  Ranch;  potential  external 
impacts;  and  cooperation  with  the  US 
Forest  Service.  Issues  at  Fort  Bowie 
National  Historic  Site  to  be  addressed  in 
the  GMP/EIS  include,  but  are  not  limited 
to:  Park  boundary  adjustments;  park 
entrance;  ruins  preservation; 
administrative  facilities;  visitor 
facilities;  VIP  facilities;  utility  systems; 
potential  external  impacts;  and 
cooperation  with  the  Bureau  of  Land 
Management.  Alternatives  to  address 
these  issues  will  be  developed  in 
cooperation  with  the  public,  including  a 
no-action  alternative. 

Persons  wishing  to  comment  or 
provide  input  on  formulating  issues  and 
alternatives,  or  identifying  potential 
impacts  to  be  considered  in  the  GMP/ 
EIS  should  provide  such  comments  to 
the  Superintendent,  Chiricahua  National 
Monument,  Dos  Cabezas  Route,  Box 
6500,  Willcox,  AZ  85634  not  later  than 
November  15, 1992.  A  public  open  house 
will  also  be  held;  date,  time  and  place  to 
be  announced  in  the  future.  For  further 
information,  contact  the  Superintendent 
at  the  above  address  or  telephone 
number  (602)  824-3560. 

The  responsible  official  is  Stanley  T. 
Albright,  Regional  Director,  Western 
Region,  National  Park  Service.  The  draft 
GMP/EIS  is  expected  to  be  available  for 
public  review  in  late  summer,  1993  and 
the  final  and  Record  of  Decision 
completed  approximately  six  months 
later. 

Dated:  August  28, 1992. 

B.J.  Griffins, 

Acting  Regional  Director.  Western  Region. 
[FR  Doc.  92-22028  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4310-70-M 


Concession  Services  Plan,  Yosemite 
National  Park;  Availability  of  Final  Plan 
and  Supplemental  Environmental 
Impact  Statement  to  the  Final  General 
Management  Plan  and  Environmental 
Impact  Statement 

summary:  In  accordance  with  section 
102(2)(C)  of  the  National  Environmental 
Policy  Act  of  1969,  Public  Law  91-190, 
the  National  Park  Service  has  prepared 
a  Final  Concession  Services  Plan/ 
Supplemental  Environmental  Impact 
Statement  (EIS)  to  the  1980  Final 
General  Management  Plan/ 
Environmental  Impact  Statement  (GMP/ 
EIS)  for  Yosemite  National  Park, 
Tuolumne,  Mariposa  and  Madera 
Counties,  California.  The  final  plan/ 
supplemental  EIS  further  defines  and 
analyzes  the  management  of  concession 
services  in  Yosemite  National  Park  and 
focuses  on  means  to  implement  the 
goals  outlined  for  concession  services  in 
the  1980  final  GMP/EIS  section  entitled 
“Visitor  Use/Park  Operations/ 
Development". 

The  draft  plan/supplemental  EIS  was 
on  public  review  between  December  27, 
1991  and  February  28, 1992  (56  FR 
67097).  Two  alternatives  were  identified 
and  evaluated  in  the  draft: 

Alternative  A  in  which  concession 
services  action  items  would  be 
implemented  as  written  in  the  1980 
GMP/EIS,  and  Alternative  B,  the 
proposal,  in  which  the  1980  GMP  action 
items  would  be  implemented  with 
certain  revisions  that  would  amend  the 
1980  GMP  for  concession  services 
actions  only. 

In  response  to  public  and  agency 
comments,  the  final  proposal  differs 
from  the  draft  proposal  in  the  following 
major  actions.  Parkwide  lodging  would 
be  reduced  by  15.2%  rather  than  13.1%. 
Replacement  lodging  at  Yosemite  Lodge 
would  be  economy  cabins  and  cottages 
instead  of  motel  units.  At  Curry  Village, 
150  tent  cabins  would  be  retained  rather 
than  1,090.  No  new  lodging  would  be 
constructed  at  Wawona.  The  number  of 
parkwide  food  service  seats  would 
increase  to  2,830  rather  than  2,960.  The 
Village  Grill  would  remain  at  the 
general  store  rather  than  be  relocated  to 
Degnan’s  building.  The  sport 
mountaineering  shop  would  be  at  Curry 
Village  rather  than  the  village  general 
store.  The  Glacier  Point  gift  shop  and 
the  White  Wolf  stables  would  be 
discontinued  rather  than  relocated.  The 
Art  Activity  Center  would  be  relocated 
to  the  bank  building  and  the  ice  rink 
would  be  retained.  A  Crane  Flat  winter 
use  area  would  be  developed. 

The  final  supplement  to  the  final 
environmental  impact  statement 
contains  a  statement  of  findings  for  the 


retention  of  certain  structures  within  the 
base  floodplain  of  the  Merced  River,  in 
compliance  with  Executive  Orders  11988 
and  12372. 

SUPPLEMENTARY  INFORMATION:  The  30 

day  no  action  period  on  the  final 
supplemental  EIS  will  expire  on  October 
9, 1992.  Requests  for  information  on,  or 
for  copies  of  this  document,  should  be 
addressed  to:  Superintendent,  Yosemite 
National  Park,  P.O.  Box  577,  Yosemite 
National  Park,  CA  95389,  telephone 
number  (209)  372-0202.  Copies  of  the 
final  plan/supplemental  EIS  are 
available  at  the  park  headquarters  and 
at  libraries  in  communities  near  the  park 
and  libraries  in  Los  Angeles  and  San 
Francisco.  Copies  are  also  available  for 
inspection  at  the  following  address: 
Western  Regional  Office,  National  Park 
Service,  Division  of  Planning,  Grants 
and  Environmental  Quality,  600 
Harrison  St.,  suite  600,  San  Francisco. 
CA  94107-1372. 

Dated:  June  25, 1992. 

Lewis  S.  Alberts, 

Acting  Regional  Director,  Western  Region. 
[FR  Doc.  92-22029  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  4310-70-M 


Gauley  River  National  Recreation  Area; 
Meeting 

AGENCY:  National  Park  Service;  Gauley 
River  National  Recreation  Area 
Advisory  Committee. 

action:  Notice  of  meeting. 

SUMMARY:  This  notice  sets  forth  the  date 
of  the  forthcoming  meeting  of  the  Gauley 
River  National  Recreation  Area 
Advisory  Committee.  Notice  of  this 
meeting  is  required  under  the  Federal 
Advisory  Committee  Act. 

DATES:  November  4, 1992—10  a.m. 

addresses:  Comfort  Inn,  Summersville, 
WV  (north  of  Summersville  on  US  Rt.  19, 
just  south  of  intersection  with  WV  Rt. 

41,  adjacent  to  Shoney’s  Restaurant). 

FOR  FURTHER  INFORMATION  CONTACT: 

Joe  L.  Kennedy,  Superintendent,  New 
River  Gorge  National  River,  P.O.  Box 
246,  Glen  Jean,  WV  25846;  (304)  465- 
0508. 

SUPPLEMENTARY  INFORMATION:  The 

Advisory  Committee  was  established 
under  section  206(a)  of  the  "WV 
National  Interest  Act  of  1987,  "Public 
Law  100-534,  to  consult  with  the 
Secretary  of  the  Interior,  or  his 
designee,”  *  *  *  on  matters  relating  to 
development  of  a  management  plan  for 
the  recreation  area  and  on 
implementation  of  such  plan." 
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The  agenda  ior  this  meeting  will  focus 
on  review  of  preliminary  draft  material 
for  the  General  Management  Plan. 

The  meeting  will  be  open  to  the 
public.  Any  member  of  die  public  may 
file  with  the  Committee  a  written 
statement  concerning  agenda  items.  The 
statement  should  be  addressed  to  the 
Gauley  River  National  Recreation  Area 
Advisory  Committee,  P.O.  Box  57,  Glen 
Jean,  WV  25846-0246.  Minutes  of  the 
meeting  will  be  available  for  inspection 
four  weeks  after  the  meeting,  at  the 
permanent  headquarters  of  the  New 
River  Gorge  National  River,  104  Main 
Street,  P.O.  Box  246,  Glen  Jean,  WV 
25846-0246. 

Joseph  Gorrell, 

Acting  Regional  Director,  Mid-Atlantic 
Region. 

[FR  Doc.  92-22030  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4310-70-M 

Trail  of  Tears  National  Historic  Trail 
Advisory  Council;  Meeting 

Notice  is  hereby  given  in  accordance 
with  the  Federal  Advisory  Committee 
Act,  Public  Law  92-463,  that  a  meeting 
of  the  Trail  of  Tears  National  Historic 
Trail  Advisory  Council  will  be  held 
October  8-9, 1992,  at  8:30  a.m.,  at  the 
Holiday  Inn,  Interstate  55  &  Williams 
Street,  Cape  Girardeau,  Missouri. 

The  Trail  of  Tears  National  Historic 
Trail  Advisory  Council  was  established 
pursuant  to  Public  Law  100-192 
establishing  the  Trail  of  Tears  National 
Historic  Trail  to  advise  the  National 
Park  Service  on  such  issues  as 
preservation  of  trail  routes  and  features, 
public  use,  standards  for  posting  and 
maintaining  trail  markers,  as  well  as 
administrative  matters. 

The  matters  to  be  discussed  include: 
— Plan  implementation 
— Fundraising 
— Trail  Association  Role 
— Public  Awareness 

The  meeting  will  be  open  to  the 
public.  However,  facilities  and  space  for 
accommodating  members  of  the  public 
are  limited,  and  persons  will  be 
accommodated  on  a  first-come,  first- 
served  basis.  Any  member  of  the  public 
may  file  a  written  statement  concerning 
the  matters  to  be  discussed  with  David 
Gaines,  Trail  Manager. 

Persons  wishing  further  information 
concerning  this  meeting,  or  who  wish  to 
submit  written  statements  may  contact 
David  Gaines,  Trail  Manager,  Trail  of 
Tears  National  Historic  Trail,  National 
Park  Service,  Southwest  Region,  P.O. 
Box  728,  Santa  Fe,  New  Mexico  87504- 
0728,  telephone  505/988-6888.  Minutes 
of  the  meeting  will  be  available  for 
public  inspection  four  weeks  after  the 


meeting  at  the  office  of  the 
Administrator,  located  in  room  358, 

Pinon  Building,  1220  South  St.  Francis 
Driye,  Santa  Fe,  New  Mexico. 

Dated:  September  2, 1992. 

John  E.  Cook, 

Regional  Director,  Southwest  Region. 

[FR  Doc.  92-22031  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  4310-70-M 

INTERNATIONAL  TRADE 
COMMISSION 

[Investigation  332-3321 

Global  Competitiveness  of  U.S. 
Advanced-Technology  Manufacturing 
Industries:  Large  Civil  Aircraft 

agency:  United  States  International 
Trade  Commission. 

action:  Institution  of  investigation  and 
scheduling  of  public  hearing. 

EFFECTIVE  DATE:  September  2, 1992. 
summary:  Following  receipt  of  a  request 
on  June  11, 1992,  from  the  Senate 
Committee  on  Finance,  the  Commission 
instituted  investigation  No.  332-332, 
Global  Competitiveness  of  U.S. 
Advanced-Technology  Manufacturing 
Industries:  Large  Civil  Aircraft,  under 
section  332(g)  of  the  Tariff  Act  of  1930 
(19  U.S.C.  1332(g)). 

FOR  FURTHER  INFORMATION  CONTACT: 

Industry-specific  information  may  be 
obtained  from  Mr.  Peder  Andersen  (202- 
205-3388)  or  Ms.  Laura  Stonitsch  (202- 
205-3408),  Machinery  and  Equipment 
Division,  U.S.  International  Trade 
Commission,  Washington,  DC  20436.  For 
information  on  the  legal  aspects  of  this 
investigation  contact  Mr.  William 
Gearhart  of  the  Office  of  the  General 
Counsel  (202-205-3091).  Hearing 
impaired  individuals  are  advised  that 
information  on  this  matter  can  be 
obtained  by  contacting  the  TDD 
terminal  on  (202)  205-1107. 

BACKGROUND:  This  is  one  of  three 
competitiveness  studies  requested  by 
the  Committee  on  Finance  in  its  letter  of 
June  11, 1992.  The  other  two  studies 
concern  the  cellular  communications 
and  computer  industries.  These  three 
studies  are  part  of  a  series  begun  in  1990 
at  the  request  of  the  Committee.  In  a 
letter  dated  June  21, 1990,  the  Committee 
asked  that  the  Commission,  pursuant  to 
sections  332(b),  (d),  and  (g)  of  the  Tariff 
Act  of  1930,  expand  its  collection  of  and 
ability  to  analyze  information  on  the 
competitiveness  of  advanced-technology 
manufacturing  industries  in  the  United 
States.  It  also  asked  the  Commission  to 
undertake  a  two-part  process  under 
which  it  would  (1)  within  three  months 


of  receipt  of  the  letter,  identify  the  U.S. 
advanced-technology  industries  to  be 
monitored  (using  criteria  set  out  by  the 
Committee)  and  recommend  three  of 
those  industries  as  subjects  for 
comprehensive  Commission  studies;  and 
(2)  within  12  months  of  receipt  of  a 
subsequent  Committee  letter  either 
agreeing  with  or  modifying  the 
Commission’s  recommendations,  submit 
its  reports  on  the  three  industries. 

In  response,  the  Commission 
instituted  investigation  No.  332-294  for 
the  purpose  of  identifying  industries  to 
be  monitored  and  recommending  three 
for  comprehensive  study.  In  its  report  to 
the  Committee  in  September  1990,  the 
Commission  identified  ten  advanced- 
technology  industries  and  recommended 
the  following  three  for  comprehensive 
study:  Communications  technology  and 
equipment  pharmaceuticals,  and 
semiconductor  manufacturing  and 
testing  equipment.  The  Committee,  by 
letter  of  September  27, 1990,  approved 
the  Commission’s  recommendations, 
and  the  Commission  furnished  its 
reports  on  the  three  investigations 
(investigation  Nos.  332-301,  332-302,  and 
332-303)  in  late  September  1991.  Notice 
of  the  institution  of  investigation  No. 
332-294  was  published  in  the  Federal 
Register  of  July  26, 1990,  (55  FR  3053), 
and  notice  of  the  institution  of  the  three 
comprehensive-study  investigations  was 
published  in  the  Federal  Register  of 
November  15, 1990,  (55  FR  47811). 

In  its  report  on  the  second  of  the  three 
new  studies,  the  Commission  will,  as 
requested  by  the  Committee  in  its  June 
11, 1992,  letter,  seek  to  examine  factors 
found  by  the  Commission  to  be  relevant 
to  the  global  competitiveness  of  the 
large  civil  aircraft  industry,  including 
but  not  limited  to  government  policies, 
regulatory  and  trade  impediments,  and 
research  and  development  financing  and 
expenditures.  Also  to  be  addressed  are 
the  issues  of  competition  from  the 
Airbus  consortium,  and  the  proposed 
acquisition  of  U.S.  aerospace 
technologies  and  manufacturers  by 
foreign  interests.  The  Commission  is 
scheduled  to  submit  its  report  by 
September  10, 1993. 

PUBLIC  HEARING:  a  public  hearing  in 
connection  with  the  investigation  will  be 
held  at  the  U.S.  International  Trade 
Commission  Building,  500  E  Street  SW., 
Washington,  DC,  beginning  at  9:30  a.m. 
on  April  15, 1993.  All  persons  shall  have 
the  right  to  appear,  by  counsel  or  in 
person,  to  present  information  and  to  be 
heard.  Requests  to  appear  at  the  public 
hearing  should  be  filed  with  the 
Secretary,  United  States  International 
Trade  Commission,  500  E  Street  SW, 
Washington,  DC  20436,  no  later  than 
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5:15  p.m.,  April  1, 1993.  Any  prehearing 
briefs  (original  and  14  copies)  should  be 
filed  not  later  than  5:15  p.m.,  April  1, 
1993;  the  deadline  for  filing  post-hearing 
briefs  or  statements  is  5:15  p.m.,  April 
29, 1993. 

WRITTEN  SUBMISSIONS:  In  lieu  of  or  in 
addition  to  participating  in  the  hearing, 
interested  parties  are  invited  to  submit 
written  statements  concerning  the 
matters  to  be  addressed  by  the 
Commission  in  its  report  on  this 
investigation.  Commercial  or  financial 
information  that  a  submitter  desires  the 
Commission  to  treat  as  confidential 
must  be  submitted. on  separate  sheets  of 
paper,  each  clearly  marked 
“Confidential  Business  Information"  at 
the  top.  All  submissions  requesting 
confidential  treatment  must  conform 
with  the  requirements  of  section  §  201.6 
of  the  Commission’s  Rules  of  Practice 
and  Procedure  (19  CFR  201.6).  All 
written  submissions,  except  for  . 
confidential  business  information,  will 
be  made  available  in  the  Office  of  the 
Secretary  of  the  Commission  for 
inspection  by  interested  parties.  To  be 
assured  of  consideration  by  the 
Commission,  written  statements  relating 
to  the  Commission’s  report  should  be 
submitted  to  the  Commission  at  the 
earliest  practical  data  and  should  be 
received  no  later  than  the  close  of 
business  on  April  29, 1993.  All 
submissions  should  be  addressed  to  the 
Secretary,  United  States  International 
Trade  Commission,  500  E  Street  SW., 
Washington,  DC  20436. 

Persons  with  mobility  impairments 
who  will  need  special  assistance  in 
gaining  access  to  the  Commission 
should  contact  the  Office  of  the 
Secretary  at  (202)  205-2000. 

By  order  of  the  Commission. 

Issued:  September  3. 1992. 

Paul  Bardos, 

Acting  Secretary. 

[FR  Doc.  92-22064  Filed  9-11-92;  8:45  am) 

BILLING  CODE  7020-02-M 


INTERSTATE  COMMERCE 
COMMISSION 

[Ex  Parte  No.  388  (Sub-No.  17)1 

Intrastate  Rail  Rate  Authority— 
Missouri 

agency:  Interstate  Commerce 
Commission. 

action:  The  Commission  assumes 
jurisdiction  over  intrastate  rail  rates, 
classifications,  rules,  and  practices  in 
Missouri. 

Summary:  By  letter  field  may  14, 1992, 
as  supplemented  August  26, 1992,  the 


State  of  Missouri,  through  the  Missouri 
Division  of  transportation  (formerly  the 
Public  Service  Commission),  notified 
this  Commission  that  it  no  longer  wishes 
to  regulate  rail  rates  pursuant  to  49 
U.S.C.  11501(b),  and  asked  the 
Commission  to  assume  jurisdiction  over 
these  interstate  matters.  The 
Commission  grants  the  request  and 
assumes  jurisdiction  over  rail  rates, 
classifications,  rules,  and  practices  in 
the  State  of  Missouri. 

EFFECTIVE  DATE:  Effective  on  September 
14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Richard  B.  Felder,  (202)  927-5610. 

[TDD  for  hearing  impaired:  (202)  927- 
5721] 

SUPPLEMENTARY  INFORMATION: 

Additional  information  is  contained  in 
the  Commission’s  decision.  To  purchase 
a  copy  of  the  full  decision,  write  to,  call, 
or  pick  up  in  person  from:  Dynamic 
Concepts,  Inc.,  Room  2229,  Interstate 
Commerce  Commission  Building, 
Washington,  DC  20423.  Telephone:  (202) 
289-4357/4359.  [Assistance  for  the 
hearing  impaired  is  available  through 
TDD  services  (202)  927-5721.] 

Decided:  September  3, 1992. 

By  the  Commission,  Chairman  Philbin,  Vice 
Chairman  McDonald,  Commissioners 
Simmons,  Phillips,  and  Emmentt. 

Sidney  L.  Strickland,  Jr., 

Secretary. 

[FR  Doc.  92-22123  Filed  9-11-92;  8.45  am] 
BILUNG  CODE  703S-01-M 


[Docket  No.  AB-55  (Sub-No.  418X)] 

CSX  Transportation,  Inc.— 
Abandonment  Exemption— in 
Randolph  County,  WV 

AGENCY:  Interstate  Commerce 
Commission. 

action:  Notice  of  exemption. 

SUMMARY:  Pursuant  to  49  U.S.C.  10505, 
the  Commission  exempts  from  the  prior 
approval  requirements  of  49  U.S.C. 
10903-10904  the  abandonment  by  CSX 
Transportation,  Inc.,  of  9.24-miles  of  rail 
line  in  Randolph  County,  WV,  between 
milepost  BUM-1.19  at  Elkins  and 
milepost  BUM-10.34  at  Dailey,  subject  to 
standard  labor  protective  and  historic 
preservation  conditions. 

DATES:  Provided  no  formal  expression  of 
intent  to  file  an  offer  of  financial 
assistance  has  been  received,  this 
exemption  will  be  effective  on  October 
14, 1992.  Formal  expressions  of  intent  to 
file  an  offer  1  of  financial  assistance 


1  See  Exempt  of  Rail  Abandonment — Offers  of 
Finan.  Assist,  4  l.C.C.2d  164  (1987). 


under  49  CFR  1152.27(c)(2)  must  be  filed 
by  September  24, 1992,  petitions  to  stay 
must  be  filed  by  September  29, 1992,  and 
petitions  for  reconsideration  must  be 
filed  by  October  9, 1992.  Requests  for 
public  use  conditions  must  be  filed  by 
October  5, 1992. 

ADDRESSES:  Send  pleadings  referring  to 
Docket  No.  AB-55  (Sub-No.  418X)  to: 

(1)  Office  of  the  Secretary,  Case  Control 
Branch,  Interstate  Commerce 
Commission,  Washington,  DC  20423. 

and 

(2)  Petitioner’s  representative:  Charles 
M.  Rosenberger,  500  Water  Street-J- 
150,  Jacksonville,  FL  32202. 

FOR  FURTHER  INFORMATION  CONTACT: 
Richard  B.  Felder  (202)  927-5610. 

[TDD  for  hearing  impaired:  (202)  927- 
5721.] 

SUPPLEMENTARY  INFORMATION: 

Additional  information  is  contained  in 
the  Commission’s  decision.  To  purchase 
a  copy  of  the  full  decision,  write  to,  call, 
or  pick  up  in  person  from:  Dynamic 
Concepts,  Inc.,  room  2229,  Interstate 
Commerce  Commission  Building, 
Washington,  DC  20423.  Telephone:  (202) 
289-4357/4359.  [Assistance  for  the 
hearing  impaired  is  available  through 
TDD  services  (202)  927-5721.] 

Decided:  September  4, 1992. 

By  the  Commission,  Chairman  Philbin,  Vice 
Chairman  McDonald,  Commissioners 
Simmons,  Phillips,  and  Emmett. 

Sidney  L.  Strickland,  Jr., 

Secretary. 

[FR  Doc.  92-22122  Filed  9-11-92;  8:45  am] 
BILLING  CODE  7035-01 -U 


DEPARTMENT  OF  JUSTICE 

Drug  Enforcement  Administration 

Importation  of  Controlled  Substances; 
Application 

Pursuant  to  section  1008  of  the 
Controlled  Substances  Import  and 
Export  Act  (21  U.S.C.  958{i)),  the 
Attorney  General  shall,  prior  to  issuing 
a  registration  under  this  Section  to  a 
bulk  manufacturer  of  a  controlled 
substance  in  Schedule  I  or  II  and  prior  to 
issuing  a  registration  under  Section 
1002(a)  authorizing  the  importation  of 
such  a  substance,  provide 
manufacturers  holding  registrations  for 
the  bulk  manufacture  of  the  substance 
an  opportunity  for  a  hearing. 

Therefore,  in  accordance  with 
§  1311.42  of  title  21,  Code  of  Federal 
Regulations  (CFR),  notice  is  hereby 
given  that  on  May  12, 1992,  Arenol 
Chemical  Corporation,  189  Meister 
Avenue,  Somerville,  New  Jersey  08876, 
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made  application  to  the  Drug 
Enforcement  Administration  to  be 
registered  as  an  importer  of  the  basic 
classes  of  controlled  substances  listed 


below: 

Drug 

Schedule 

Methamphetamlne  (1105) . . 

II 

II 

Any  manufacturer  holding,  or 
applying  for,  registration  as  a  bulk 
manufacturer  of  these  basic  classes  of 
controlled  substances  may  file  written 
comments  on  or  objections  to  the 
application  described  above  and  may,  at 
the  same  time,  file  a  written  request  for 
a  hearing  on  such  application  in 
accordance  with  21  CFR  1301.54  in  such 
form  as  prescribed  by  21  CFR  1316.47. 

Any  such  comments,  objections,  or 
requests  for  a  hearing  may  be  addressed 
to  the  Deputy  Assistant  Administrator, 
Office  of  Diversion  Control,  Drug 
Enforcement  Administration,  United 
States  Department  of  Justice, 
Washington,  DC  20537,  Attention:  DEA 
Federal  Register  Representative  (CCR), 
and  must  be  filed  no  later  than  October 
14, 1992. 

This  procedure  is  to  be  conducted 
simultaneously  with  and  independent  of 
the  procedures  described  in  21  CFR 
1311.42  (b),  (c),  (d),  (e),  and  (f).  As  noted 
in  a  previous  notice  at  40  FR  43745-46 
(September  23, 1975),  all  applicants  for 
registration  to  import  a  basic  class  of 
any  controlled  substance  in  Schedule  I 
or  II  are  and  will  continue  to  be  required 
to  demonstrate  to  the  Deputy  Assistant 
Administrator  of  the  Drug  Enforcement 
Adminstration  that  the  requirements  for 
such  registration  pursuant  to  21  U.S.C. 
958(a),  21  U.S.C.  823(a),  and  21  CFR 
1311.42  (a),  (b),  (c),  (d),  (e),  and  (f)  are 
satisfied. 

Dated:  September  3, 1992. 

Gene  R.  Haislip, 

Deputy  Assistant  Administrator,  Office  of 
Diversion  Control,  Drug  Enforcement 
A  dministra  ti on. 

[FR  Doc.  92-22032  Filed  9-11-92;  8:45  am) 

BILUNG  COOE  4410-09-M 


Pamela  L  Van  Horn,  D.O.;  Revocation 
of  Registration 

On  May  7, 1992,  the  Deputy  Assistant 
Administrator,  Office  of  Diversion 
Control,  Drug  Enforcement 
Administration  (DEA),  issued  an  Order 
to  Show  Cause  to  Pamela  L.  Van  Horn, 
D.O.,  of  San  Diego,  California,  proposing 
to.  revoke  her  DEA  Certificate  of 
Registration,  AV9496236,  as  a 
practitioner.  The  statutory  basis  for  the 


Order  to  Show  Cause  was  that  Dr.  Van 
Horn's  State  license  to  practice 
medicine  had  been  suspended  on 
October  23, 1991,  by  the  California 
Board  of  Osteopathic  Examiners,  and 
thus  she  is  no  longer  authorized  by  State 
law  to  handle  controlled  substances.  21 
U.S.C.  824(a)(3). 

The  Order  to  Show  Cause  was  mailed 
by  registered  mail  on  May  7, 1992,  and 
was  returned  unclaimed. 

Simultaneously,  a  copy  was  also  served 
on  the  attorney  for  Dr.  Van  Horn’s 
brother,  Joseph  Van  Horn,  Jr.  Mr.  Van 
Horn  had  been  court  appointed  as  a 
temporary  conservator  for  his  sister  on 
April  19, 1991.  Dr.  Van  Horn  was  served 
by  remailing  the  Order  to  Show  Cause 
by  regular  first  class  mail  on  June  8, 

1992.  More  than  thirty  days  have  passed 
since  the  Order  to  Show  Cause  was 
served  on  Dr.  Van  Horn  and  the  Drug 
Enforcement  Administration  has 
received  no  response  from  Dr.  Van  Horn 
or  anyone  purporting  to  represent  her. 

Pursuant  to  21  CFR  1301.54(d),  the 
Administrator  finds  that  Dr.  Van  Horn 
has  waived  her  opportunity  for  a 
hearing.  Accordingly,  under  the 
provisions  of  21  CFR  1301.57,  the 
Administrator  hereby  enters  his  final 
order  in  this  matter,  based  upon  findings 
of  fact  and  conclusions  of  law  as 
hereinafter  set  forth. 

On  April  19, 1991,  the  Superior  Court 
for  the  County  of  San  Diego  established 
that  Dr.  Van  Horn  was  unable  to 
provide  for  her  physical  needs,  and  that 
her  condition  impaired  her  ability  to 
practice  medicine  safely.  Her  brother, 
Joseph  Van  Horn,  Jr.,  was  appointed  her 
conservator.  Based  on  the  findings  of 
that  court,  on  September  23, 1991,  the 
Board  of  Osteopathic  Examiners  for  the 
State  of  California  suspended  Dr.  Van 
Horn’s  license  to  practice  medicine 
indefinitely.  On  January  21, 1992,  Dr. 

Van  Horn  was  provided  an  opportunity 
to  surrender  her  DEA  Certificate,  but  did 
not  respond.  Dr.  Van  Horn  has  not 
offered  any  evidence  contrary  to  that 
stated  in  the  Order  to  Show  Cause. 

The  DEA  has  consistently  held  that  it 
does  not  have  statutory  authority  under 
the  Controlled  Substances  Act  to 
register  a  practitioner  unless  that 
practitioner  is  authorized  by  the  State  to 
dispense  controlled  substances.  The 
agency  has  consistently  held  that 
termination  of  a  registrant’s  State 
authority  to  handle  controlled 
substances  requires  that  DEA  revoke  the 
registrant’s  DEA  Certificate  of 
Registration.  See  Bobby  Watts,  M.D., 
Docket  No.  87-71,  53  FR  11919  (1987); 
Wingfield  Drugs,  Inc.,  Docket  No.  87-13, 
52  FR  27070  (1987);  and  Robert  F.  Witek, 
D.D.S.,  Docket  No.  87-54,  52  FR  47770 
(1987). 


Based  on  all  of  the  foregoing,  the 
Administrator  finds  that  the  registration 
of  Dr.  Van  Hom  must  be  revoked. 
Accordingly,  the  Administrator  of  the 
Drug  Enforcement  Administration, 
pursuant  to  the  authority  vested  in  him 
by  21  U.S.C.  823  and  824  and  28  CFR 
0.100(b),  hereby  orders  that  the  DEA 
Certificate  of  Registration,  AV9496236, 
issued  to  Pamela  L.  Van  Hom,  D.O.,  be 
and  it  hereby  is,  revoked,  and  that  any 
pending  applications  for  registration  be, 
and  they  hereby  are  denied.  This  order 
is  effective  October  14, 1992. 

Dated:  September  4, 1992. 

Robert  C.  Bonner, 

Administrator  of  Drug  Enforcement 
[FR  Doc.  92-22033  Filed  9-11-92;  8:45  am) 
BILLING  CODE  4410-0B-M 


DEPARTMENT  OF  LABOR 

Office  of  the  Secretary 

Agency  Recordkeeping/Reporting 
Requirements  Under  Review  by  the 
Office  of  Management  and  Budget 

background:  The  Department  of  Labor, 
in  carrying  out  its  responsibilities  under 
the  Paperwork  Reduction  Act  (44  U.S.C. 
Chapter  35),  considers  comments  on  the 
reporting/recordkeeping  requirements 
that  will  affect  the  public. 

LIST  OF  RECORDKEEPING/ REPORTING 
REQUIREMENTS  UNDER  REVIEW:  As 
necessary,  the  Department  of  Labor  will 
publish  a  list  of  the  Agency 
recordkeeping/reporting  requirements 
under  review  by  die  Office  of 
Management  and  Budget  (OMB)  since 
the  last  list  was  published.  The  list  will 
have  all  entries  grouped  into  new 
collections,  revisions,  extensions,  or 
reinstatements.  The  Departmental 
Clearance  Officer  will,  upon  request,  be 
able  to  advise  members  of  the  public  of 
the  nature  of  the  particular  submission 
they  are  interested  in. 

Each  entry  may  contain  the  following 
information: 

The  Agency  of  the  Department  issuing 
this  recordkeeping/reporting 
requirement. 

The  tide  of  the  recordkeeping /repordng 
requirement. 

The  OMB  and/or  Agency  identification 
numbers,  if  applicable. 

How  often  the  recordkeeping/reporting 
requirement  is  needed. 

Whether  small  businesses  or 
organizations  are  affected. 

An  estimate  of  the  total  number  of  hours 
needed  to  comply  with  the 
recordkeeping/ reporting  requirements 
and  the  average  hours  per  respondent. 
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Any  member  of  the  public  who  wants 
to  comment  on  recordkeeping/reporting 
requirements  which  have  been 
submitted  to  OMB  should  advise  Mr. 
Mills  of  this  intent  at  the  earliest 
possible  date. 

Revision 

Employment  and  Training 
Administration 

1205-0317;  ETA  207,  218,  227,  539,  2112, 
5130,  5159 


Form  # 

Affected 

Public 

Respond¬ 

ents 

Frequency 

Average 
time  per 
response 

ETA  207  . 

53 

Quarterly . 

30  mins. 

ETA  218  . 

53 

Quarterly . 

12  mins. 

ETA  227  . 

53 

Quarterly . 

1  hr. 

ETA  539  .  . 

53 

Weekly . 

15  mins. 

ETA  2112  . 

53 

Monthly . 

12  mins. 

ETA  5130  ....  . 

53 

Monthly . 

1  hr. 

ETA  5159  . 

State/local 

53 

Monthly . 

1  hr. 

Govt. 

The  number  of  forms  in  the  request  for 
approval,  if  applicable. 

An  abstract  describing  the  need  for  and 
uses  of  the  information  collection. 
comments  and  questions:  Copies  of 
the  recordkeeping/reporting 
requirements  may  be  obtained  by  calling 
the  Departmental  Clearance  Officer, 
Kenneth  A.  Mills  ((202)  523-5095). 
Comments  and  questions  about  the 
items  on  this  list  should  be  directed  to 
Mr.  Mills,  Office  of  Information 


Resources  Management  Policy,  U.S. 
Department  of  Labor,  200  Constitution 
Avenue,  NW.,  room  N-1301, 
Washington,  DC  20210.  Comments 
should  also  be  sent  to  the  Office  of 
Information  and  Regulatory  Affairs, 
Attn:  OMB  Desk  Officer  for  (BLS/DM/ 
ESA/ETA/OLMS/MSHA/OSHA/ 
PWBA/VETS),  Office  of  Management 
and  Budget,  room  3001,  Washington,  DC 
20503  ((202)  395-6880). 


The  Emergency  Unemployment 
Compensation  Program  requires  this 
information  from  State  and  local 
governments  to  determine  workload, 
allocations  for  administration  and 
evaluation  of  program  operation. 

Note:  These  reports  are  already  OMB 
approved  for  use  as  part  of  ETA's  regular 
program  reporting  burden;  the  hours  cited 
above  are  estimated  for  Emergency 
Unemployment  Compensation  Program  report 
activity  only. 

Bureau  of  Labor  Statistics 

Consumer  Expenditure  Diary  and 
Interview  Survey 

1220-0050;  CE-300,  CE-301,  CE-302,  CE- 
302  Supp., 

CE-303  (L-1,2,5,6),  CE-305(IB),  CE-380, 
CE-383,  CE-880,  CE-601,  CE-802,  CE- 
803(L) 

Recordkeeping  (Daily  Diary),  Weekly, 
Quarterly 

Individuals  or  households 
46,434  responses;  88  minutes  per 
response;  67,928  total  hours;  12  forms 
The  Consumer  Expenditure  Surveys 
gather  detailed  information  on 
expenditures,  income  and  other  related 
subjects  to  periodically  update  the 
Consumer  Price  Index.  The  published 
data  provide  a  continuing  measurement 
of  changes  in  consumer  expenditure 
patterns  for  economic  analysis. 

Bureau  of  Labor  Statistics 

Point  of  Purchase  (CPP)  Survey — 
Computer  Assisted  Telephone 
Interviewing  (CATI) 

1220-0140;  CPP-CATI  Instrument 
Quarterly 

Individuals  or  households 


2040  respondents;  .26  hours  per 
response;  2122  total  hours;  no  paper 
forms 

The  CPP  CATI  will  be  used  to  gather 
information  on  the  type  of  outlets  at 
which  consumers  shop  for  selected 
consumer  items.  CPP  data  are  used  to 
periodically  update  the  nation’s 
Consumer  Price  Index  (CPI).  This  phase 
is  a  test  to  refine  questionnaire  design 
and  survey  procedures  in  preparation 
for  a  transition  to  CATI  and  the 
production  CPP  survey  methodology. 

Extension 

Bureau  of  Labor  Statistics 

Occupational  Employment  Statistics 
Quarterly  Progress  Report 
1220-0068;  BLS-2877A 
Quarterly 
State  Governments 

53  respondents;  .33  hours  per  response; 
70  total  hours;  1  form 
The  Quarterly  Progress  Report 
provides  States  and  BLS  regional  and 
national  office  survey  managers  the 
means  to  monitor  ongoing  survey 
activities  throughout  each  survey  round 
of  the  Occupational  Employment 
Statistics  (OES)  program.  The  Quarterly 
Progress  Report  acts  as  a  status  report 
which  ensures  the  national  office  that 
States  are  following  the  survey’s 
historical  time  line. 

Employment  and  Training 
Administration 

Attestation  by  Facilities  Temporarily 
Employing  Nonimmigrant  Aliens  as 
Registered  Nurses 
1205-0305;  ETA  9029 


On  occasion 

Individuals  or  households;  States  or 
local  governments; 

Businesses  or  other  for-profit;  Federal 
agencies  or  employees; 

Non-profit  institutions;  Small  businesses 
or  organizations 

1,024  respondents;  11  hours  8  minutes 
per  response;  11,415  total  hours;  1 
form 

The  information  provided  on  this  form 
by  Health  Care  Facilities  will  permit 
DOL  to  meet  Federal  responsibilities  for 
program  administration,  management, 
and  oversight. 

Signed  at  Washington,  DC  this  4th  day  of 
September,  1992. 

Thersa  M.  O’Malley, 

Acting  Departmental  Clearance  Officer. 

[FR  Doc.  92-22125  Filed  9-11-92;  8:45  am] 

BILUNO  CODE  4510-24-41 
BILLING  CODE  4610-30-M 


NATIONAL  SCIENCE  FOUNDATION 

Special  Emphasis  Panel  in  Earth 
Sciences;  Meeting 

In  accordance  with  the  Federal 
Advisory  Committee  Act  (Pub.  L.  82-463, 
as  amended),  the  National  Science 
Foundation  announces  the  following 
meeting. 

Date  and  Time:  October  2, 1992;  8:30 
a.m.-5  p.m. 

Place:  Conference  Room  #523, 1800  G 
St.,  NW.,  Washington,  DC. 

Type  of  Meeting:  Closed. 

Contact  Person:  Dr.  Marvin  E. 
Kauffman,  Program  Director,  Education 
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and  Human  Resources  Program, 

Division  of  Earth  Sciences,  room  602, 
National  Science  Foundation,  1800  G  St., 
NW.,  Washington,  DC  20550.  Telephone: 
(202)  357-7356. 

Purpose  of  Meeting:  To  provide 
advice  and  recommendations 
concerning  proposals  submitted  to  NSF 
for  financial  support. 

Agenda:  To  review  and  evaluate 
Graduate  Research  Traineeship 
proposals  as  part  of  the  selection 
process  for  awards. 

Reason  for  Closing:  The  proposals 
being  reviewed  include  information  of  a 
proprietary  or  confidential  nature, 
including  technical  information; 
financial  data,  such  as  salaries;  and 
personal  information  concerning 
individuals  associated  with  the 
proposals.  These  matters  are  exempt 
under  5  U.S.C.  552b(c),  (4)  and  (6)  of  the 
Government  in  the  Sunshine  Act. 

Dated:  September  9, 1992. 

M.  Rebecca  Winkler, 

Committee  Management  Officer. 

[FR  Doc.  92-22143  Filed  9-11-92;  8:45  am] 
BILLING  CODE  7555-01-M 


Special  Emphasis  Panel  in  Physics; 
Meeting 

In  accordance  with  the  Federal 
Advisory  Committee  Act  (Pub.  L  92-463, 
as  amended),  the  National  Science 
Foundation  announces  the  following 
meeting. 

Date  and  Time:  Monday,  September 
28, 1992;  8:30  a.m.  to  5  p.m. 

Place:  Room  523,  National  Science 
Foundation,  1800  G  Street  NW., 
Washington,  DC. 

Type  of  Meeting:  Closed. 

Contact  Person:  Dr.  Rolf  M.  Sinclair, 
Program  Director  for  Cross  Directorate 
Programs,  National  Science  Foundation, 
1800  G  St.  NW.,  Washington,  DC  20550. 
Telephone:  (202)  357-7996. 

Purpose  of  Meeting:  To  provide 
advice  and  recommendations 
concerning  proposals  submitted  to  NSF 
for  financial  support. 

Agenda:  To  review  and  evaluate 
Phase  I  SBIR  proposals  as  part  of  the 
selection  process  for  awards. 

Reason  for  Closing:  The  proposals 
being  reviewed  include  information  of  a 
proprietary  or  confidential  nature, 
including  technical  information; 
financial  data,  such  as  salaries;  and 
personal  information  concerning 
individuals  associated  with  the 
proposals.  These  matters  are  exempt 
under  5  U.S.C.  552b(c),  (4)  and  (6)  of  the 
Government  in  the  Sunshine  Act. 


Dated:  September  9, 1992. 

M.  Rebecca  Winkler, 

Committee  Management  Officer. 

[FR  Doc.  92-22144  Filed  9-11-92;  8:45  am] 
BILLING  CODE  7555-01-M 


Advisory  Committee  for  Social, 
Behavioral  and  Economic  Sciences; 
Meeting 

In  accordance  with  the  Federal 
Advisory  Committee  Act  (Pub.  L.  92-463, 
as  amended),  the  National  Science 
Foundation  announces  the  following 
meeting. 

Dates  and  Times:  October  1, 1992;  8:30 
a.m.-5  p.m.  October  2, 1992;  8:30  a.m.-12:30 
p.m. 

Place:  Room  540, 1800  G  Street  NW., 
Washington,  DC  20550. 

Type  of  Meeting:  Open. 

Contact  Person:  John  E.  Jankowski,  Jr., 
Division  of  Science  Resources  Studies,  suite 
L-609,  National  Science  Foundation,  1800  G 
St.  NW.,  Washington,  DC  20550.  Telephone: 
(202)  634-4682. 

Minutes:  May  be  obtained  from  the  contact 
person  listed  above. 

Purpose  of  Meeting:  To  provide  advice, 
recommendations,  and  oversight  concerning 
support  for  research,  education,  and  human 
resources  in  the  areas  of  the  social, 
behavioral  and  economic  sciences. 

Agenda:  Role  and  direction  of  the  NSF 
Directorate  for  Social,  Behavioral  and 
Economic  Sciences  in  the  various 
government-wide  FCCSET,  and  NSF-specific, 
initiatives.  Special  focus  on  Global  Change; 
Advanced  Manufacturing;  Cognitive  Science; 
the  NSF  international  initiatives;  and  Science 
Resources  Studies.  Agenda  also  to  cover  the 
National  Science  Board's  recently  created 
Special  Commission  on  the  Future  of  the 
National  Science  Foundation. 

Dated:  September  8, 1992. 

M.  Rebecca  Winkler, 

Committee  Management  Officer. 

[FR  Doc.  92-22053  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  7555-01-M 


NUCLEAR  REGULATORY 
COMMISSION 

Correction  to  Biweekly  Notice 
Applications  and  Amendments  to 
Operating  Licenses  Involving  No 
Significant  Hazards  Consideration 

On  August  19, 1992,  the  Federal 
Register  published  the  Biweekly  Notice 
of  Applications  and  Amendments  to 
Operating  Licenses  Involving  No 
Significant  Hazards  Considerations.  On 
page  37575,  Column  2,  the  published 
section  beginning  “Previously  Published 
Notices  of  Consideration  of  Issuance  of 
Amendments  to  Operating  Licenses  and 
Proposed  No  Significant  Hazards 
Consideration  Determination  and 
Opportunity  For  Hearing”  and  the  first 


two  paragraphs  of  text  following  the 
heading  should  be  replaced  with  the 
following: 

Notice  of  Issuance  of  Amendment  to 
Facility  Operating  License 

During  the  period  since  publication  of 
the  last  biweekly  notice,  the 
Commission  has  issued  the  following 
amendments.  The  Commission  has 
determined  for  each  of  these 
amendments  that  the  application 
complies  with  the  standards  and 
requirements  of  the  Atomic  Energy  Act 
of  1954,  as  amended  (the  Act),  and  the 
Commission’s  rules  and  regulations.  The 
Commission  has  made  appropriate 
findings  as  required  by  the  Act  and  the 
Commission’s  rules  and  regulations  in  10 
CFR  chapter  I,  which  are  set  forth  in  the 
license  amendment. 

Notice  of  Consideration  of  Issuance  of 
Amendment  to  Facility  Operating 
License  and  Proposed  No  Significant 
Hazards  Consideration  was  published  in 
the  Federal  Register  as  indicated.  No 
request  for  a  hearing  or  petition  for 
leave  to  intervene  was  filed  following 
this  notice. 

Unless  otherwise  indicated,  the 
Commission  has  determined  that  these 
amendments  satisfy  the  criteria  for 
categorical  exclusion  in  accordance 
with  10  CFR  51.22.  Therefore,  pursuant 
to  10  CFR  51.22(b),  no  environmental 
impact  statement  or  environmental 
assessment  need  be  prepared  for  these 
amendments.  If  the  Commission  has 
prepared  an  environmental  assessment 
under  the  special  circumstances 
provision  in  10  CFR  51.12(b)  and  has 
made  a  determination  based  on  that 
assessment,  it  is  so  indicated. 

For  further  details  with  respect  to  the 
action  see  (1)  the  applications  for 
amendments,  (2)  the  amendments,  and 
(3)  the  Commission’s  related  letters, 
Safety  Evaluations  and/or 
Environmental  Assessments  as 
indicated.  All  of  these  items  are 
available  for  public  inspection  at  the 
Commission's  Public  Document  Room, 
the  Gelman  Building,  2120  L  Street,  NW., 
Washington,  DC,  and  at  the  local  public 
document  rooms  for  the  particular 
facilities  involved.  A  copy  of  items  (2) 
and  (3)  may  be  obtained  upon  request 
addressed  to  the  U.S.  Nuclear 
Regulatory  Commission,  Washington, 
DC  20555,  Attention:  Director,  Division 
of  Reactor  Projects. 

Dated  at  Rockville,  Maryland,  this  4th  day 
of  September  1992. 
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For  the  Nuclear  Regulatory  Comm!  salon. 
Elinor  G.  Adensam, 

Director,  Project  Directorate  IP-1.  Division  of 
Reactor  Projects — ////,  Office  of  Nuclear 
Reactor  Regulation. 

[FR  Doc.  92-22067  Filed  9-11-02: 8:45  am] 

BUXMQ  COOE  7S90-01-M 


OFFICE  OF  PERSONNEL 
MANAGEMENT 

Request  for  Extension  of  OPM  Form 
1583  Submitted  to  OMB  for  Clearance 

AGENCY:  Office  of  Personnel 

Management 

action:  Notice. 

summary:  In  accordance  with  the 
Paperwork  Reduction  Act  of  1980  (title 
44,  U.S.  Code,  chapter  35),  this  notice 
announces  a  proposed  unchanged 
extension  of  OPM  Form  1583, 

Applicant’s  Statement  of  Selective 
Service  Registration  Status,  which 
Federal  job  applicants  must  complete 
for  agencies  prior  to  appointment  By 
law,  5  U.S.C.  3328,  agencies  may  not 
appoint  non-registrants.  Since  the  law  is 
permanent  executive  agencies  will  have 
a  continuing  need  to  obtain  and  review 
the  information  applicants  provide  in 
the  statements  to  determine  whether 
they  have  registered.  (The  text  of  the 
statement  is  published  in  our  regulations 
on  the  Selective  Service  registration 
requirement  at  5  CFR  part  300,  subpart 
G.)  For  jobs  at  OPM,  we  estimate  about 
500  applicants  complete  the  statement 
annually.  At  0.02  hours  per  statement, 
the  public  reporting  burden  is  10  hours. 
Govemmentwide,  we  estimate  about 
150,000  applicants  complete  the 
statement,  for  a  total  public  reporting 
burden  of  3,000  hours.  For  copies  of  this 
proposal,  call  C.  Ronald  Trueworthy  on 
(703)  908-8550. 

DATES:  Comments  on  this  proposal 
should  be  received  on  or  before  October 
14, 1992. 

ADDRESSES:  Send  or  deliver  comments 
to:  C.  Ronald  True  worthy,  Agency 
Clearance  Officer,  U.S.  Office  of 
Personnel  Management,  Room  CHP  500, 
1900  E  Street  NW.,  Washington,  DC 
20415,  and  Joseph  Lackey,  OPM  Desk 
Officer,  Office  of  Information  and 
Regulatory  Affairs.  Office  of 
Management  and  Budget  room  3002, 
New  Executive  Office  Building, 
Washington,  DC  20503. 

FOR  FURTHER  INFORMATION  CONTACT: 

1  homas  O'Conner,  (202)  606-0980. 


U.S.  Office  of  Personnel  Management. 
Douglas  A  Brook, 

Acting  Director. 

(FR  Doc.  92-22057  Filed  9-11-92;  8:45  am] 
BtLLIMQ  CODE  632S-01-M 


SECURITIES  AND  EXCHANGE 
COMMISSION 

[Release  No.  35-256201 

Filings  Under  the  Public  Utility  Holding 
Company  Act  of  1935  (“Act”) 

September  4, 1992. 

Notice  is  hereby  given  that  the 
following  filing(8)  has /have  been  made 
with  the  Commission  pursuant  to 
provisions  of  the  Act  and  rules 
promulgated  thereunder.  All  interested 
persons  are  referred  to  the 
application(s)  and/or  declaration^)  for 
complete  statements  of  the  proposed 
transaction(s)  summarized  below.  Hie 
application(s)  and/or  declaration^)  and 
any  amendments  thereto  is/are 
available  for  public  inspection  through 
the  Commission's  Office  of  Public 
Reference. 

Interested  persons  wishing  to 
comment  or  request  a  hearing  on  the 
application^)  and/or  declaration(s) 
should  submit  their  views  in  writing  by 
September  28, 1992  to  the  Secretary, 
Securities  and  Exchange  Commission, 
Washington,  DC  20549,  and  serve  a  copy 
on  the  relevant  applicant(s)  and/or 
declarant(s)  at  the  address(es)  specified 
below.  Proof  of  service  (by  affidavit  or, 
in  case  of  an  attorney  at  law,  by 
certificate)  should  be  filed  with  the 
request  Any  request  for  hearing  shall 
identify  specifically  the  issues  of  fact  or 
law  that  are  disputed.  A  person  who  so 
requests  will  be  notified  of  any  hearing, 
if  ordered,  and  will  receive  a  copy  of 
any  notice  or  order  issued  in  the  matter. 
After  said  date,  the  application(s)  and/ 
or  declaration(s),  as  filed  or  as 
amended,  may  be  granted  and/or 
permitted  to  become  effective. 

American  Electric  Power  Company,  Inc. 
et  al.  (78-7886) 

American  Electric  Power  Company, 
Inc.  (“AEP"),  a  registered  holding 
company,  and  its  wholly  owned 
nonutility  subsidiary  company  AEP 
Investments,  Inc.  (AEP  Investments”), 
both  of  1  Riverside  Plaza,  Columbus, 
Ohio  43215,  have  filed  a  post-effective 
amendment  to  their  application- 
declaration  with  this  Commission  filed 
under  sections  6(a),  7,  9(a),  10  and  12(b) 
of  the  Act  and  Rule  45  thereunder. 

AEP  Investments,  whose  primary 
purpose  is  investment  and  participation 
in  the  development  of  demand-side 


management  ("DSM”)  projects,  was 
previously  authorized  by  die 
Commission  (HCAR  No.  25424, 

December  11, 1991)  (“Order”)  to 
purchase  up  to  $6.5  million  of  securities 
of  Intersource  Technologies,  Inc. 
(“Intersource”),  a  company  engaged  in 
the  development  of  electronic  light  bulb 
technology  and  new  lighting  products. 
Pursuant  to  the  Order,  AEP  Investments 
acquired  800,000  shares  of  Intersource 
common  stock,  9.9%  of  its  issued  and 
outstanding  common  stock,  and  as  of 
November  1, 1992  will  hold  45,000  shares 
of  Intersource  8%  cumulative 
convertible/redeemable  preferred  stock, 
$100  par  value  (“Preferred”). 

AEP  Investments’  DSM  projects  are 
intended  to  reduce  the  number  and  size 
of  future  electric  power  generating 
plants  of  the  AEP  system  public-utility 
companies.  AEP  believes  that  electronic 
light  bulb  technology  may  produce 
significant  reductions  in  electricity 
usage  and  will  serve  as  a  valuable  tool 
in  the  DSM  programs  of  AEP  system 
electric  public-utilities. 

As  of  November  30, 1992  the  entire 
$8.5  million  investment  in  Intersource 
will  have  been  expended.  The  post¬ 
effective  amendment  states  that 
additional  funding  of  approximately  $5 
million  through  June  30, 1994  is  required 
to  continue  research  and  development 
efforts  and  to  bring  electronic  lighting 
products  to  the  commercialization  stage. 
Therefore,  AEP  Investments  proposes  to 
acquire  from  time  to  time  through  June 
20, 1994,  up  to  50,000  additional  shares 
of  Preferred  for  an  aggregate 
consideration  of  $5  million.  AEP 
proposes  to  provide  capital 
contributions  to  AEP  Investments  from 
time  to  time  through  June  30, 1994  in  an 
aggregate  amount  of  up  to  $5  million  to 
finance  the  purchase  of  the  Preferred. 

It  is  proposed  that  the  50,000  shares  of 
Preferred  to  be  acquired  by  AEP 
Investments  be  issued  in  two  separate 
series  of  which  one  series,  to  be 
designated  Series  B,  shall  consist  of 

27.500  shares  representing  $2,750,000 
required  for  all  expenses  of  Intersource 
during  its  development  phase  ending 
April  30, 1993,  and  a  second  series,  to  b9 
designated  Series  C,  shall  consist  of 

22.500  shares  representing  $2,250,000  for 
ongoing  research  and  development 
expenses  during  the  period  May  1, 1993 
through  June  30, 1994.  All  terms  and 
conditions  of  such  Series  B  and  Series  C 
stock,  including  redemption  and  sinking 
fund  terms,  shall  be  identical  to  the 
original  series  of  Preferred,  to  be 
designated  Series  A,  which  AEP 
Investments  was  authorized  to  acquire 
pursuant  to  the  Order,  except  that  the 
holder’s  conversion  rights  shall 
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commence  on  January  1, 1998  in  the  case 
of  Series  B  and  on  January  1, 1999  in  the 
case  of  Series  C.  Such  additional  shares 
of  Preferred  shall,  like  the  original 
series,  also  be  convertible  into 
Intersource  common  stock  at  a 
conversion  price  of  $3  per  share.  AEP 
Investments  states  that  such  conversion 
provisions  will  only  be  exercised  if,  as  a 
result  of  the  conversion,  AEP 
Investments  total  ownership  of 
Intersource’s  outstanding  common  stock 
will  not  exceed  9.9%.  Consequently,  AEP 
Investment  will  at  all  times  hold  less 
than  10%  of  the  outstanding  common 
stock  of  Intersource. 

Intersource  proposes  to  raise  the 
necessary  additional  capital  to  fund  the 
cost  of  manufacturing  facilities  and  its 
general  operations  from  May  1, 1993 
onward  from  other  sources. 

AEP  Investments  will  divest  itself  of 
all  its  interests  in  Intersource  no  later 
than  January  1,  2002,  by  which  time  AEP 
anticipates  that  the  development  and 
commercialization  of  electronic  light 
bulb  technology  will  be  complete  and 
AEP’8  DSM  goals  largely  achieved. 

The  Southern  Company,  et  aL  (70-7911) 

The  Southern  Company  ("Southern"), 
64  Perimeter  Center  East,  Atlanta, 
Georgia  31401,  a  registered  holding 
company,  and  its  direct  and  indirect 
subsidiary  companies,  Alabama  Power 
Company  and  Southern  Electric 
Generating  Company,  both  located  at  • 
600  North  18th  Street,  Birmingham 
Alabama  35291,  Georgia  Power 
Company,  333  Piedmont  Avenue,  N.E., 
Atlanta,  Georgia  30308,  Gulf  Power 
Company,  500  Bayfront  Parkway, 
Pensacola,  Florida  32501,  Mississippi 
Power  Company,  2992  West  Beach, 
Gulfport,  Mississippi  39501,  and 
Savannah  Electric  and  Power  Company, 
600  Bay  Street  East,  Savannah,  Georgia 
31401  (individually,  (“Operating 
Company”  and  collectively,  “Operating 
Companies”),  have  filed  an  application- 
declaration  under  sections  9(a),  10  and 
12(b)  of  the  Act  and  Rule  45  thereunder. 

Southern  proposes  to  organize  and 
acquire  all  of  the  outstanding  capital 
stock  of  a  new  subsidiary  company 
(“Railroad  Subsidiary”).  In  connection 
with  the  acquisition  of  the  capital  stock 
of  Railroad  Subsidiary,  Southern 
proposes  to  contribute  to  the  equity 
capital  of  Railroad  Subsidiary,  through 
December  31, 1997,  up  to  an  aggregate 
principal  amount  of  $1  million  by:  (1) 
Payment  of  the  purchase  price  for  its 
stock;  and/or  (2)  capital  contributions. 

The  Railroad  Subsidiary  will 
construct  rail  lines  from  the  generating 
facilities  of  the  Operating  Companies  to 
the  track  of  an  additional  competing  rail 


carrier  or  carriers  (“Rail  Line(s)”).  Such 
Rail  Lines  will  afford  competition  for 
transportation  service  to  the  related 
generating  facility  and  make  available 
potential  new  sources  of  coal  supply,  all 
with  attendant  cost  savings  for  the 
benefit  of  the  Operating  Companies’ 
ratepayers. 

The  Operating  Companies  currently 
own  interests  in  a  total  of  twenty-two 
coal-fired  generating  facilities.  It  is 
contemplated  that  Rail  Lines  may  be 
constructed  at  approximately  one-third 
of  such  facilities,  although  economic 
opportunities  may  be  presented  in  the 
future  at  additional  facilities. 

It  is  contemplated  that  the 
construction  costs  of  each  of  the 
proposed  Rail  Lines  will  range  from 
approximately  $5  million  to 
approximately  $25  million,  although  the 
cost  may  be  greater  in  certain 
circumstances  as  the  results  of  factors 
including  the  length  of  the  line  and 
environmental  and  topographical 
conditions  of  the  land  over  which  the 
line  is  constructed  (“Construction 
Costs”).  Construction  of  any  Rail  Line 
will  not  be  undertaken  unless  the 
affected  Operating  Company  has 
determined  that  cost  savings  between 
the  cost  of  construction  and  operation  of 
the  Rail  Line  and  the  difference  in  the 
cost  of  coal,  including  transportation,  for 
the  generating  facility,  estimated  on  a 
present  value  basis  over  the  remaining 
life  of  the  related  generating  facility,  can 
be  achieved  thereby. 

The  Operating  Companies  owning  the 
related  generating  facilities  propose  to 
advance  to  Railroad  Subsidiary,  in  the 
form  of  demand  loans,  from  time  to  time, 
through  December  31, 1997,  all  the  funds 
necessary  to  complete  construction  of 
the  Rail  Lines,  through  December  31, 
1997,  at  an  interest  rate  not  in  excess  of 
2%  over  the  prime  rate,  up  to  the 
aggregate  principal  amount  of  the 
Construction  Cost.  Upon  completion  of 
construction.  Railroad  Subsidiary  will 
sell  and  convey  to  the  Operating 
Companies  the  Rail  Line,  associated 
facilities  and  real  estate  and  the  loan  to 
the  Railroad  Subsidiary  will  thereby  be 
extinguished.  Railroad  Subsidiary  will 
retain  an  easement  and  other  rights  by 
contract  with  the  Operating  Company 
necessary  for  railroad  operations  and 
will  enter  into  agreements  with  the 
competing  rail  carrier  or  carriers 
providing  for  operations  over  the  Rail 
Line  and  into  the  plant.  All  costs 
incurred  by  the  Railroad  Subsidiary  in 
connection  with  operating  and 
maintaining  the  Rail  Lines  will  be  borne 
by  and,  as  necessary,  advanced  on  a 
pass-through  basis  to  the  Railroad 
Subsidiary  by  such  Operating  Company. 


It  is  contemplated  that  costs  in 
connection  with  the  operating  and 
maintaining  of  the  Rail  Lines  will  range 
from  approximately  $50,000  to  $250,000 
on  an  annual  basis. 

The  organization  of  the  Railroad 
Subsidiary  as  a  new  separate  subsidiary 
of  Southern  is  intended  to:  (1)  Provide  a 
consistent,  economical  and  efficient 
mechanism  for  the  procurement  of 
transportation  services:  (2)  reduce  the 
level  of  management  attention  required 
at  each  Operating  Company  for 
addressing  regulatory,  administrative 
and  accounting  requirements:  (3) 
minimize  any  potential  costs  to  an 
Operating  Company  that  may  arise 
under  the  Railroad  Retirement  Act  or 
the  Federal  Employers’  Liability  Act; 
and  (4)  avoid  the  necessity  of  creating 
multiple  corporations. 

It  is  contemplated  that  the  Railroad 
Subsidiary  will  have  no  employees;  the 
rail  carrier  or  carriers  will  provide 
transportation  service  over  the  Rail  Line 
and  other  administrative  and 
contractual  functions  will  be  carried  out 
by  officers  and  personnel  from  the 
respective  Operating  Companies  and 
Southern  Company  Services,  Inc 
(“SCSI”).  The  board  of  directors  and 
officers  of  the  Railroad  Subsidiary  are 
expected  to  be  comprised  of  officers  and 
employees  of  the  Operating  Companies 
and  SCSI. 

Certain  of  the  Rail  Lines  may  be 
constructed  and  operated  pursuant  to 
arrangements  involving  a  nonaffiliated 
third  party  shipper  or  shippers,  pursuant 
to  which  a  third  party  shipper  may  bear 
a  pro-rata  share  of  construction  and 
related  costs  associated  with,  or  may 
purchase  an  undivided  ownership 
interest  in,  the  Rail  Line  (“Acquisition 
Agreement”).  The  third  party  shipper  in 
such  an  Acquisition  Agreement  would 
then  use  the  Rail  Line  for  transportation 
service  in  accordance  with  its  own 
agreement  with  the  rail  carrier  with 
respect  to  its  ownership  interest  thus 
acquired.  In  the  event  that  the 
Acquisition  Agreement  involves  the 
acquisition  by  the  Railroad  Subsidiary 
or  any  Operating  Company  of  an 
interest  in  a  corporation,  partnership  or 
other  separate  legal  entity,  or  any 
arrangement  involving  use  by  a 
nonaffiliated  third  party  shipper  of  the 
Railroad  Subsidiary’s  or  any  Operating 
Company’s  ownership  interest  in  any 
such  Rail  Line,  such  acquisition  and/or 
arrangement  will  require  further 
Commission  approval. 
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For  the  Commission,  by  the  Division  of 
Investment  Management  pursuant  to 
delegated  authority. 

Margaret  H.  McFarland, 

Deputy  Secretary. 

(FR  Doc.  92-22045  Filed  9-11-92;  8:45  am] 

BILLING  COOE  M10-01-M 

DEPARTMENT  OF  STATE 

Office  of  Defense  Trade  Controls; 
Munitions  Exports  to  Aero  Maroc 
Industrie,  also  known  as  AMIN,  and 
Related  Entities 

[Public  Notice  1687] 
agency:  Department  of  State. 
action:  Notice. 

summary:  Notice  is  hereby  given  that  all 
existing  licenses  and  other  approvals, 
granted  pursuant  to  section  38  of  the 
Arms  Export  Control  Act,  that  authorize 
the  export  or  transfer  by,  for  or  to,  Aero 
Maroc  Industrie,  also  known  as  AMIN, 
and  any  subsidiaries  or  associated 
companies,  of  defense  articles  or 
defense  services  are  suspended.  In 
addition,  it  shall  be  the  policy  of  the 
Department  of  State  to  deny  all  export 
license  applications  and  other  requests 
for  approval  involving,  directly  or 
indirectly,  the  above  cited  entities.  This 
action  also  precludes  the  use  in 
connection  with  such  entities  of  any 
exemptions  from  license  or  other 
approval  Included  in  the  ITAR  (22  CFR 
parts  120-130). 

EFFECTIVE  DATE:  August  17, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Clyde  G.  Bryant,  Jr„  Chief,  Compliance 
Analysis  Division,  Office  of  Defense 
Trade  Controls,  Center  for  Defense 
Trade,  Bureau  of  Politioo-Military 
Affairs,  Department  of  State  (703:875- 
6650). 

SUPPLEMENTARY  INFORMATION:  Hie 

Department  of  State  has  reasonable 
cause  to  believe  that  Aero  Maroc 
Industrie  has  caused  a  false  statement 
of  material  fact  to  be  made  and/or 
omitted  a  material  fact  in  an  application 
to  the  Department  of  State  for  a  license 
to  export  U.S.  defense  articles  to 
Morocco. 

This  action  has  been  taken  pursuant 
to  sections  38  and  42  of  the  AECA  (22 
U.S.C.  2778(g)(3)(B)  &  2791)  and  sections 
126.7(a)(1)  and  126.7(a)(2)  of  the  ITAR 
(22  CFR  128.7(a)(1)  &  (2)).  It  will  remain 
in  force  until  rescinded. 

Dated:  August  17. 1992. 

Marc  L  Grossman. 

Acting  Assistant  Secretary.  Bureau  of 
Politico-Military  Affairs.  Department  of  State. 
(FR  Doc.  92-22048  Filed  9-11-02;  8:45  am] 

BILLING  COOE  4710-2S-N 


DEPARTMENT  OF  TRANSPORTATION 

Federal  Aviation  Administration 

Receipt  of  Noise  Compatibility 
Program  and  Revised  5-year  Noise 
Exposure  Map  and  Request  for  Review 
Capital  Airport,  Springfield,  IL 

agency:  Federal  Aviation 
Administration,  DOT. 
action:  Notice. 

summary:  The  Federal  Aviation 
Administration  (FAA)  announces  that  it 
is  reviewing  a  proposed  Noise 
Compatibility  Program  (NCP)  and 
revised  5-year  Noise  Exposure  Map 
(NEM)  that  were  submitted  for  Capital 
Airport  under  the  provisions  of  Tide  I  of 
the  Aviation  Safety  and  Noise 
Abatement  Act  of  1979  (Public  Law  96- 
193)  (hereinafter  referred  to  as  “the 
Act”)  and  14  CFR  part  150  by  the 
Springfield  Airport  Authority.  This 
program  and  revised  NEM  were 
submitted  subsequent  to  a 
determination  by  FAA  that  associated 
noise  exposure  maps  submitted  under  14 
CFR  part  150  for  Capital  Airport  were  in 
compliance  with  applicable 
requirements  effective  April  12, 1991. 

The  proposed  Noise  Compatibility 
Program  will  be  approved  or 
disapproved  on  or  before  March  2, 1993. 
EFFECTIVE  DATE:  The  effective  date  of 
the  FAA’s  start  of  its  review  of  the 
associated  noise  compatibility  program 
is  September  3, 1992.  The  public 
comment  period  ends  November  2, 1992. 
FOR  FURTHER  INFORMATION  CONTACT 
Jerry  R.  Mork,  Federal  Aviation 
Administration,  Great  Lakes  Region, 
Chicago  Airports  District  Office,  CHI- 
ADO-630.5,  2300  East  Devon  Avenue, 
room  258,  Des  Plaines,  Illinois  60018, 

(312)  694-7522.  Comments  on  the 
proposed  noise  compatibility  program 
and  revised  5-year  noise  exposure  maps 
should  also  be  submitted  to  the  above 
office. 

SUPPLEMENTARY  INFORMATION:  This 
notice  announces  that  the  FAA  is 
reviewing  a  proposed  noise 
compatibility  program  and  revised  5- 
year  noise  exposure  map  for  Capital 
Airport  The  program  will  be  approved 
or  disapproved  on  or  before  March  2, 
1993.  This  notice  also  announces  the 
availability  of  this  program  and  revised 
map  for  public  review  and  comment 
An  airport  operator  who  has 
submitted  noise  exposure  maps  that  are 
found  by  FAA  to  be  in  compliance  with 
the  requirements  of  Federal  Aviation 
Regulations  (FAR)  part  150,  promulgated 
pursuant  to  Title  I  of  the  Act  may 
submit  a  noise  compatibility  program  for 
FAA  approval  which  sets  forth  the 


measures  the  operator  has  taken  or 
proposes  for  the  reduction  of  existing 
noncompatible  uses  and  for  the 
prevention  of  the  introduction  of 
additional  noncompatible  uses. 

The  FAA  has  formally  received  the 
Noise  Compatibility  Program  and 
revised  5-year  Noise  Exposure  Map  for 
the  Capital  Airport  effective  September 

3. 1992,  after  reviewing  and  accepting 
the  errata  and  revised  exhibits 
submitted  on  June  9, 1992,  and  July  27, 
1992.  These  errata  and  revised  exhibits 
were  submitted  in  response  to  our  April 

13. 1992,  review,  based  on  the  sponsor's 
original  submittal  of  November  15, 1991. 
It  was  requested  that  the  FAA  review 
this  material  and  that  the  noise 
mitigation  measures,  to  be  implemented 
jointly  by  the  airport  and  surrounding 
communities,  be  approved  as  a  noise 
compatibility  program  under  section 
104(b)  of  the  Act.  Preliminary  review  of 
the  submitted  material  indicates  that  it 
conforms  to  the  requirements  for  the 
submittal  of  noise  compatibility 
programs,  but  the  further  review  will  be 
necessary  prior  to  approval  or 
disapproval  of  the  program.  The  formal 
review  period,  limited  by  law  to  a 
maximum  of  180  days,  will  be  completed 
on  or  before  March  2, 1993. 

The  FAA’s  detailed  evaluation  will  be 
conducted  under  the  provisions  of  14 
CFR  part  150,  §  150.33.  The  primary 
considerations  in  the  evaluation  process 
are  whether  the  proposed  measures  may 
reduce  the  level  of  aviation  safety, 
create  an  undue  burden  on  interstate  or 
foreign  commerce,  or  be  reasonably 
consistent  with  obtaining  the  goal  of 
reducing  existing  noncompatible  land 
uses  and  preventing  the  introduction  of 
additional  noncompatible  land  uses. 

Interested  persons  are  invited  to 
comment  on  the  proposed  program  with 
specific  reference  to  these  factors.  All 
comments,  other  than  those  properly 
addressed  to  local  land  use  authorities, 
will  be  considered  by  the  FAA  to  the 
extent  practicable.  Copies  of  the  noise 
exposure  maps,  the  FAA’s  evaluation  of 
the  maps,  and  the  proposed  noise 
compatibility  program  are  available  for 
examination  at  the  following  locations: 
Federal  Aviation  Administration.  600 
Independence  Avenue,  SW.,  room  617, 
Washington.  DC  20591 
Federal  Aviation  Administration,  Great 
Lakes  Region,  Airports  Division,  2300 
East  Devon  Avenue,  room  269,  Des 
Plaines,  Illinois  60018 
Federal  Aviation  Administration. 
Chicago  Airports  District  Office,  2300 
East  Devon  Avenue,  room  258,  Des 
Plaines,  Illinois  60018 
Springfield  Airport  Authority  Capital 
Airport,  Airport  Authority  Office. 
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Second  Floor,  Springfield,  Illinois 
62707 

Division  of  Aeronautics,  Illinois 
Department  of  Transportation,  Capital 
Airport,  One  Langhome  Bond  Drive, 
Springfield,  Illinois  62706. 

Questions  may  be  directed  to  the 
individual  named  above  under  the 
heading.  FOR  FURTHER  INFORMATION 
CONTACT. 

Issued  in  Des  Plaines,  Illinois,  September  3, 
1992. 

Louis  H.  Yates, 

Manager,  Chicago  Airports  District  Office, 
Great  Lakes  Region. 

[FR  Doc.  92-22100  Filed  9-11-92;  8:45  am] 
BILLING  CODE  40KM3-M 

Approval  of  Revision  to  Approved 
Noise  Compatibility  Program  for 
Phoenix  Sky  Harbor  International 
Airport,  Phoenix,  A Z 

AGENCY:  Federal  Aviation 
Administration,  DOT. 
action:  Notice. 

SUMMARY:  The  Federal  Aviation 
Administration  (FAA)  announces  its 
findings  on  the  Revision  to  the 
Approved  Noise  Compatibility  Program 
submitted  by  the  City  of  Phoenix  under 
the  provisions  of  Title  I  of  the  Aviation 
Safety  and  Noise  Abatement  Act  of  1979 
(Public  Law  96-193)  and  14  CFR  part 
150.  These  findings  are  made  in 
recognition  of  the  description  of  Federal 
and  nonfederal  responsibilities  in 
Senate  Report  No.  96-52  (1980).  On 
August  14, 1992,  the  Assistant 
Administrator  for  Airports  approved  the 
Revision  to  the  Approved  Noise 
Compatibility  Program  for  Phoenix  Sky 
Harbor  International  Airport  The  one 
recommendation  of  the  revision  to  be 
added  to  the  approved  program 
involving  reimbursement  for  land 
previously  acquired  was  approved. 
EFFECTIVE  date:  The  effective  date  of 
the  FAA’8  approval  of  the  Phoenix  Sky 
Harbor  Airport  noise  compatibility 
program  is  August  14, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 
David  B.  Kessler,  Airport  Planner, 
Airports  Division,  AWP-611.2,  Western- 
Pacific  Region,  Federal  Aviation 
Administration,  Mailing  Address:  P.O. 
Box  92007,  Worldway  Postal  Center,  Los 
Angeles,  California  90009-2007, 
Telephone:  310/297-1534.  Street 
Address:  15000  Aviation  Boulevard, 
Hawthorne,  Califomia.90261. 

Documents  reflecting  this  FAA  action 
may  be  reviewed  at  this  same  location. 
SUPPLEMENTARY  INFORMATION:  This 
notice  announces  that  the  FAA  has 
given  its  overall  approval  to  the 


Revision  to  the  Approved  Noise 
Compatibility  Program  for  Phoenix  Sky 
Harbor  International  Airport  effective 
August  14, 1992. 

Under  section  104(a)  of  the  Aviation 
Safety  and  Noise  Abatement  Act  of  1979 
(hereinafter  referred  to  as  “the  Act"),  an 
airport  operator  who  has  previously 
submitted  a  Noise  Exposure  Map  may 
submit  to  the  FAA  a  Noise 
Compatibility  Program  which  sets  forth 
the  measures  taken  or  proposed  by  the 
airport  operator  for  the  reduction  of 
existing  noncompatible  land  uses  and 
prevention  of  additional  noncompatible 
land  uses  within  the  area  covered  by  the 
Noise  Exposure  Maps.  The  Act  requires 
such  programs  to  be  developed  in  . 
consultation  with  interested  and 
affected  parties  including  local 
communities,  government  agencies, 
airport  users,  and  FAA  personnel. 

Each  airport  Noise  Compatibility 
Program  developed  in  accordance  with 
Federal  Aviation  Regulations  (FAR)  part 
150  is  a  local  program,  not  a  Federal 
program.  The  FAA  does  not  substitute 
its  judgment  for  that  of  the  airport 
proprietor  with  respect  to  which 
measures  should  be  recommended  for 
action.  The  FAA’s  approval  or 
disapproval  of  FAR  part  150  program 
recommendations  is  measured 
according  to  the  standards  expressed  in 
part  150  and  the  Act  and  is  limited  to  the 
following  determinations: 

a.  The  Noise  Compatibility  Program 
was  developed  in  accordance  with  the 
provisions  and  procedures  of  FAR  part 
150; 

b.  Program  measures  are  reasonably 
consistent  with  achieving  the  goals  of 
reducing  existing  noncompatible  land 
uses  around  the  airport  and  preventing 
the  introduction  of  additional 
noncompatible  land  uses; 

c.  Program  measures  would  not  create 
an  undue  burden  on  interstate  or  foreign 
commerce,  unjustly  discriminate  against 
types  or  classes  of  aeronautical  uses, 
violate  the  terms  of  airport  grant 
agreements,  or  intrude  into  areas 
preempted  by  the  Federal  Government; 
and 

d.  Program  measures  relating  to  the 
use  of  flight  procedures  can  be 
implemented  within  the  period  covered 
by  the  program  without  derogating 
safety,  adversely  affecting  the  efficient 
use  and  management  of  the  navigable 
airspace  and  air  traffic  control  systems, 
or  adversely  affecting  other  powers  and 
responsibilities  of  the  Administrator 

,  prescribed  by  law. 

Specific  limitations  with  respect  to  the 
FAA' s  approval  of  an  airport  Noise 
Compatibility  Program  are  delineated  in 
FAR  part  150,  §  150.5.  Approval  is  not  a 
determination  concerning  the 


acceptability  of  land  uses  under  Federal, 
state,  or  local  law.  Approval  does  not, 
by  itself,  constitute  an  FAA 
implementation  action.  A  request  for 
Federal  action  or  approval  to  implement 
specific  noise  compatibility  measures 
may  be  required,  and  an  FAA  decision 
on  the  request  may  require  an 
environmental  assessment  of  the 
proposed  action.  Approval  does  not 
constitute  a  commitment  by  the  FAA  to 
financially  assist  in  the  implementation 
of  the  program  nor  a  determination  that 
all  measures  covered  by  the  program  are 
eligible  for  grant-in-aid  funding  from  the 
FAA.  Where  federal  funding  is  sought 
requests  for  project  grants  must  be 
submitted  to  the  FAA  Airports  Division 
Office  in  Hawthorne,  California. 

The  City  of  Phoenix  submitted  to  the 
FAA  on  December  30, 1987,  the  Noise 
Exposure  Maps,  descriptions,  and  other 
documentation  produced  during  the 
Noise  Compatibility  Planning  study 
conducted  from  August  1986  through 
June  1989.  The  Noise  Exposure  Maps 
were  determined  by  the  FAA  to  be  in 
compliance  with  applicable 
requirements  on  November  17, 1988. 
Notice  of  this  determination  was 
published  in  the  Federal  Register  on 
November  29, 1988. 

The  study  contained  a  proposed  Noise 
Compatibility  Program  comprised  of 
actions  designed  for  phased 
implementation  by  airport  management 
and  adjacent  jurisdictions  from  the  date 
of  study  completion  to,  or  beyond,  the 
year  1992.  It  was  requested  that  the  FAA 
evaluate  and  approve  this  material  as  a 
Noise  Compatibility  Program  as 
described  in  section  104(b)  of  the  Act 
The  FAA  began  its  review  of  the 
program  on  October  4, 1989  and  was 
required  by  a  provision  of  the  Act  to 
approve  or  disapprove  the  program 
within  180  days  (other  than  the  use  of 
new  flight  procedures  for  noise  control). 
The  Noise  Compatibility  Program  was 
approved  by  the  FAA  on  April  2, 1990. 
On  February  19, 1992,  the  FAA  began  its 
review  of  the  Revision  to  the  approved 
program  and  was  required  by  a 
provision  of  the  Act  to  approve  or 
disapprove  the  program  within  180  days 
(other  than  the  use  of  new  flight 
procedures  for  noise  control).  Failure  to 
approve  or  disapprove  such  program 
within  the  180-day  period  shall  be 
deemed  to  be  an  approval  of  such 
program. 

The  submitted  revision  to  the 
approved  program  contained  one  (1) 
proposed  action  for  reimbursement  of 
land  previously  acquired  by  the  City  of 
Phoenix  for  noise  mitigation  purposes. 
The  FAA  completed  its  review  and 
determined  that  the  procedural  and 
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substantive  requirements  of  the  Act  and 
FAR  part  150  have  been  satisfied.  The 
revision  to  the  program,  therefore,  was 
approved  by  the  Assistant 
Administrator  for  Airports  effective 
August  14, 1992. 

Outright  approval  was  granted  for  the 
one  (1)  new  Land  Use  Measure  for 
reimbursement  of  approximately 
$34,000,000  for  land  which  the  City  of 
Phoenix  Aviation  Department 
previously  for  noise  abatement 
purposes. 

This  determination  is  set  forth  in 
detail  in  a  Record  of  Approval  endorsed 
by  the  Assistant  Administrator  for 
Airports  on  August  14, 1992.  The  Record 
of  Approval,  as  well  as  other  evaluation 
materials  and  the  documents  comprising 
the  submittal,  are  available  for  review  at 
the  FAA  office  listed  above  and  at  the 
administrative  offices  of  the  City  of 
Phoenix,  Aviation  Department. 

Issued  in  Hawthorne,  California  on  August 
28, 1992. 

Herman  C.  Bliss, 

Manager,  Airports  Division,  A  WP-600, 
Western-Pacific  Region. 

[FR  Doc.  92-22101  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4910-13-M 

Springfield  Regional  Airport 
Springfield,  MO 

AGENCY:  Federal  Aviation 
Administration,  DOT. 
action:  Notice. 

summary:  The  Federal  Aviation 
Administration  (FAA)  announces  its 
findings  on  the  Noise  Compatibility 
Program  submitted  by  the  city  of 
Springfield  under  the  provisions  of  Title 
I  of  the  Aviation  Safety  and  Noise 
Abatement  Act  (ASNA)  of  1979  (Public 
Law  96-193)  and  14  CFR  part  150.  These 
findings  are  made  in  recognition  of  the 
description  of  Federal  and  nonfederal 
responsibilities  in  Senate  Report  No.  96- 
52  (1980).  On  January  30, 1992,  the  FAA 
determined  that  the  Noise  Exposure 
Maps  submitted  by  the  city  of 
Springfield  under  Part  150  were  in 
compliance  with  applicable 
requirements.  On  July  28, 1992,  the 
Assistant  Administrator  approved  the 
Springfield  Regional  Airport  Noise 
Compatibility  Program.  All  of  the 
recommendations  of  the  program  were 
approved. 

EFFECTIVE  date:  The  effective  date  of 
the  FAA’s  approval  of  the  Springfield 
Regional  Airport  Noise  Compatibility 
Program  is  July  28, 1992. 

FOR  FURTHER  INFORMATION  CONTACT: 

Dr.  John  Tatschl,  ACE-615B,  Federal 
Aviation  Administration,  Airports 


Division,  601  E.  12th  St.,  Kansas  City, 
Missouri  64106.  Telephone  No.  (816)  426- 
6614.  Documents  reflecting  this  FAA 
action  may  be  obtained  from  the  same 
individual. 

SUPPLEMENTARY  INFORMATION*.  This 
notice  announces  that  the  FAA  has 
given  its  overall  approval  to  the  Noise 
Compatibility  Program  for  the 
Springfield  Regional  Airport,  effective 
July  28, 1998. 

Under  section  104(a)  the  Aviation 
Safety  and  Noise  Abatement  Act 
(ASNA)  of  1979,  an  airport  operator  who 
has  previously  submitted  a  Noise 
Exposure  Map  may  submit  to  the  FAA  a 
Noise  Compatibility  Program  which  sets 
forth  the  measures  taken  or  proposed  by 
the  airport  operator  for  the  reduction  of 
existing  noncompatible  land  uses  and 
prevention  of  additional  noncompatible 
land  uses  within  the  area  covered  by  the 
Noise  Exposure  Maps.  The  Act  requires 
such  programs  to  be  developed  in 
consultation  with  interested  and  affect 
parties  including  local  communities, 
government  agencies,  airport  users,  and 
FAA  personnel. 

Each  airport  noise  compatibility 
program  developed  in  accordance  with 
FAR  part  150  is  a  local  program,  not  a 
Federal  program.  The  FAA  does  not 
substitute  its  judgement  for  that  of  the 
airport  proprietor  with  respect  to  which 
measures  should  be  recommended  for 
action.  The  FAA’s  approval  or 
disapproval  of  FAR  part  150  program 
recommendations  is  measured 
according  to  the  standards  expressed  in 
part  150  and  the  Aviation  Safety  and 
Noise  Abatement  Act  of  1979,  and  is 
limited  to  the  following  determinations: 

a.  The  noise  compatibility  program 
was  developed  in  accordance  with  the 
provisions  and  procedures  of  FAR  part 
150; 

b.  Program  measures  are  reasonably 
consistent  with  achieving  the  goals  of 
reducing  existing  noncompatible  land 
uses  around  the  airport  and  preventing 
the  introduction  of  additional 
noncompatible  land  uses; 

c.  Program  measures  would  not  create 
an  undue  burden  on  interstate  or  foreign 
commerce,  unjustly  discriminate  against 
types  or  classes  of  aeronautical  uses, 
violate  the  terms  of  airport  grant 
agreements,  or  intrude  into  areas 
preempted  by  the  Federal  Government; 

d.  Program  measures  relating  to  the 
use  of  flight  procedures  can  be 
implemented  within  the  period  covered 
by  the  program  without  derogating 
safety,  adversely  affecting  the  efficient 
use  and  management  of  the  navigable 
Airspace  and  Air  Traffic  Control 
Systems,  or  adversely  affecting  other 


powers  and  responsibilities  of  the 
Administrator  prescribed  by  law. 

Specific  limitations  with  respect  to 
FAA’s  approval  of  an  airport  Noise 
Compatibility  Program  are  delineated  in 
FAR  part  150,  §  150.5.  Approval  is  not  a 
determination  concerning  the 
acceptability  of  land  uses  under  Federal, 
state,  or  local  law.  Approval  does  not  by 
itself  constitute  an  FAA  implementing 
action.  A  request  for  Federal  action  or 
approval  to  implement  specific  noise 
compatibility  measures  may  be  required, 
and  an  FAA  decision  on  the  request 
may  require  an  environmental 
assessment  of  the  proposed  action. 
Approval  does  not  constitute  a 
commitment  by  the  FAA  to  financially 
assist  in  the  implementation  of  the 
program  nor  a  determination  that  all 
measures  covered  by  the  program  are 
eligible  for  grant-in-aid  funding  from  the 
FAA.  Where  Federal  funding  is  sought, 
requests  for  project  grants  must  be 
submitted  to  the  FAA  Regional  Office  in 
Kansas  City,  Missouri. 

The  city  of  Springfield  submitted  to 
the  FAA  on  December  18, 1991,  the 
Noise  Exposure  Maps,  descriptions,  and 
other  documentation  produced  during 
the  Noise  Compatibility  Planning  study. 
The  Springfield  Regional  Airport  Noise 
Exposure  Maps  were  determined  by 
FAA  to  be  in  compliance  with 
applicable  requirements  on  January  30, 
1992.  Notice  of  this  determination  was 
published  in  the  Federal  Register  on 
February  19, 1992. 

The  Springfield  Regional  Airport 
study  contains  a  proposed  Noise 
Compatibility  Program  comprised  of 
actions  designed  for  phased 
implementation  by  airport  management 
and  adjacent  jurisdictions  from  the  date 
of  study  completion  to  beyond  the  year 
1995.  It  was  requested  that  the  FAA 
evaluate  and  approve  this  material  as  a 
noise  compatibility  program  as 
described  in  section  104(b)  of  the  Act. 
The  FAA  began  its  review  of  the 
program  on  January  30, 1991,  and  was 
required  by  a  provision  in  the  Act  to 
approve  or  disapprove  the  program 
within  180  days.  Failure  to  approve  or 
disapprove  such  program  within  the  180- 
day  period  shall  be  deemed  to  be  an 
approval  of  such  program. 

The  submitted  program  contained 
three  proposed  actions  for  noise 
abatement  on  and  off  the  airport.  The 
FAA  completed  its  review  and 
determined  that  the  procedural  and 
substantive  requirements  of  the  Act  and 
FAR  part  150  have  been  satisfied.  The 
overall  program,  therefore,  was 
approved  by  the  Assistant 
Administrator  effective  July  28, 1992. 
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These  determinations  are  set  forth  in 
detail  in  a  Record  of  Approval  endorsed 
by  the  Assistant  Administrator  on  July 

28. 1992.  The  Record  of  Approval  as 
well  as  other  evaluation  materials  and 
the  documents  comprising  the  submittal, 
are  available  for  review  at  the  FAA 
office  listed  above  and  at  the 
administrative  offices  for  the  Springfield 
Regional  Airport 

Issued  in  Kansas  City,  Missouri,  on  August 

31. 1992. 

George  A  Hendon, 

Manager.  Airports  Division,  Central  Region. 
[FR  Doc.  92-22102  Filed  9-11-92;  8:45  ami 
BtLUNQ  CODE  4910-13-41 

Emergency  Evacuation  Subcommittee 
of  the  Aviation  Rulemaking  Advisory 
Committee;  Meeting 

agency:  Federal  Aviation 
Administration  (FAA),  DOT. 

ACTION:  Notice  of  meeting. 

summary:  The  FAA  is  issuing  this 
notice  to  advise  the  public  of  a  meeting 
of  the  Federal  Aviation  Administration 
Emergency  Evacuation  Subcommittee  of 
the  Aviation  Rulemaking  Advisory 
Committee. 

DATES:  The  meeting  will  be  held  on 
September  24, 1992,  at  9  a.m.  Arrange  for 
oral  presentations  by  September  15, 

1992. 

ADDRESSES:  The  meeting  will  be  held  in 
Conference  Room  "A",  Air  Transport 
Association  of  America,  suite  1190, 1301 
Pennsylvania  Avenue,  NW., 

Washington.  DC  20004-1707. 

FOR  FURTHER  INFORMATION  CONTACT: 

Ms.  Kathy  Ball,  Aircraft  Certification 
Service  (AIR-1),  800  Independence 
Avenue,  SW..  Washington,  DC  20591, 
telephone  (202)  287-8235. 
SUPPLEMENTARY  INFORMATION:  Pursuant 
to  section  10(a)(2)  of  the  Federal 
Advisory  Committee  Act  (Pub.  L  92-463; 
5  U.S.C.  app.  II).  notice  is  hereby  given 
of  a  meeting  of  the  Emergency 
Evacuation  Subcommittee  to  be  held  on 
September  24, 1992,  in  Conference  Room 
“A”,  Air  Transport  Association  of 
America,  Suite  1100, 1301  Pennsylvania 
Avenue.  NW.,  Washington,  DC  20004- 
1707.  The  agenda  for  this  meeting  will 
include: 

•  A  status  report  by  the  Performance 
Standards  Working  Group. 

•  A  report  on  a  special  task  group 
effort  to  define  an  approach  to 
developing  performance  standards  for 
emergency  evacuation. 

•  A  briefing  on  organizational 
realignments  for  cabin  safety  research 
within  the  FAA. 

•  Future  activities. 


Attendance  is  open  to  the  interested 
public,  but  will  be  limited  to  the  space 
available.  The  public  must  make 
arrangements  by  September  15, 1992,  to 
present  oral  statements  at  the  meeting. 
The  public  may  present  written 
statements  to  the  committee  at  any  time 
by  providing  25  copies  to  the  Executive 
Director,  or  by  bringing  the  copies  to 
him  at  the  meeting.  Arrangements  may 
be  made  by  contacting  the  person  listed 
under  the  heading  “FOR  FURTHER 
INFORMATION  CONTACT”. 

Issued  in  Washington.  DC,  on  September  4, 
1992. 

William  |.  Sullivan, 

Executive  Director,  Emergency  Evacuation 
Subcommittee,  Aviation  Rulemaking 
Advisory  Committee. 

[FR  Doc  92-22093  Filed  9-11-02;  8:45  am) 

BtLUNQ  CODE  4910-13-M 


RTCA,  Inc.,  Board  of  Directors; 

Meeting 

Pursuant  to  section  10(a)(2)  of  the 
Federal  Advisory  Committee  Act  (Pub. 

L  92-463,  5  U.S.C.,  appendix  I),  notice  is 
hereby  given  for  the  RTCA  Board  of 
Directors  meeting  to  be  held  September 
18, 1992,  in  the  RTCA  conference  room, 
1140  Connecticut  Avenue  NW.,  suite 
1020,  Washington,  DC  20036, 
commencing  at  10:30  a.m. 

The  agenda  for  this  meeting  is  as 
follows:  (1)  The  RTCA  Board  of 
Directors  will  meet  to  review  and 
approve  the  GNSS  Transition  and 
Implementation  Strategy  Task  Force 
Final  Report  No  other  business  is 
planned. 

Attendance  is  open  to  the  interested 
public  but  limited  to  space  available. 
With  the  approval  of  the  Chairman, 
members  of  the  public  may  present  oral 
statements  at  the  meeting.  Persons 
wishing  to  present  statements  or  obtain 
information  should  contact  the  RTCA 
Secretariat,  1140  Connecticut  Avenue 
NW.,  suite  1020,  Washington,  DC  20036; 
(202)  833-9339.  Any  member  of  the 
public  may  present  a  written  statement 
to  the  committee  at  any  time. 

Issued  in  Washington,  DC,  on  September  4. 
1992. 

Joyce  J.  Gillen, 

Designated  Officer. 

[FR  Doc.  92-22096  Filed  9-11-02;  8:45  am[ 

BILLING  COO€  4910-13-M 

RTCA,  Inc.,  Special  Committee  173; 
Minimum  Operational  Performance 
Standards  for  Airborne  Weather  and 
Ground  Pulsed  Radar,  Meeting 

Pursuant  to  section  10(a)(2)  of  the 
Federal  Advisory  Committee  Act  (Pub. 


L.  92-463,  5  U.S.C.,  appendix  I),  notice  is 
hereby  given  for  the  fifth  meeting  of 
Special  Committee  173  to  be  held 
September  22-25, 1992,  in  the  RTCA 
conference  room,  1140  Connecticut 
Avenue,  NW.,  Suite  1020,  Washington, 
DC  20036,  commencing  at  9:30  a.m. 

The  agenda  for  this  meeting  is  as 
follows:  (1)  Chairman’s  introductory 
remarks;  (2)  Review  and  approval  of 
meeting  agenda;  (3)  Approval  of  the 
Summary  of  the  Fourth  Meeting  held 
June  3-5, 1992  RTCA  Paper  No.  522-92/ 
SC173-46,  (previously  distributed);  (4) 
Review  Comments  on  Proposed  Final 
Draft  of  MOPS  for  Nose-Mounted 
Radomes,  RTCA  Paper  No.  549-92 / 
SC173-47,  (previously  distributed);  (5) 
Review  of  FAA  Systems  Requirements 
Document;  (6)  Report  on  the  August  25- 
26  ARINC  Project  708A  Meeting  in 
Seattle,  WA;  (7)  Review  of  material  for 
incorporation  into  the  Fourth  Draft 
MOPS  for  Airborne  Weather  Radar  with 
Forward-Looking  Windshear  Capability, 
RTCA  Paper  No.  569-92/ SCI 73-48, 
(enclosed)  and  RTCA  Paper  Nos.  394- 
92 /SCI 73-34  and  397-92/ SC173-37 
(previously  distributed);  (8)  Other 
business;  (9)  Date  and  place  of  next 
meeting. 

Attendance  is  open  to  the  interested 
public  but  limited  to  space  available. 
With  the  approval  of  the  Chairman, 
members  of  the  public  may  present  oral 
statements  at  the  meeting.  Persons 
wishing  to  present  statements  or  obtain 
information  should  contact  the  RTCA 
Secretariat,  1140  Connecticut  Avenue, 
NW.,  Suite  1020,  Washington,  DC  20036; 
(202)  833-9339.  Any  member  of  the 
public  may  present  a  written  statement 
to  the  committee  at  any  time. 

Issued  in  Washington.  DC,  on  September  4, 
1992. 

Joyce  J.  Gillen. 

Designated  Officer. 

[FR  Doc.  92-22097  Filed  9-11-02;  8:45  am] 

BILLING  coot  4910-13-M 

RTCA,  Inc.,  Special  Committee  171; 
Airborne  MLS  Area  Navigation 
Equipment;  Meeting 

Pursuant  to  section  10(a)(2)  of  the 
Federal  Advisory  Committee  Act  (Pub. 
L.  92-463, 5  U.S.C.,  appendix  I),  notice  is 
hereby  given  for  the  sixth  meeting  of 
Special  Committee  171  to  be  held 
September  29-October  2, 1992,  in  the 
RTCA  conference  room.  1140 
Connecticut  Avenue,  NW„  Suite  1020, 
Washington,  DC  20036,  commencing  at 
9:30  a.m. 

The  agenda  for  this  meeting  is  as 
follows:  (1)  Chairman's  remarks;  (2) 
Approval  of  the  Summary  of  the  Fifth 
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Meeting,  RTCA  Paper  No.  526-92 /SC- 
171-75;  (3)  Technical  Presentations;  (4) 
Working  Group  Reports;  (a)  Operations 
Working  Group  (WG-1);  (b)  Technical 
Working  Group  (WG-2);  (c) 
Architecture/Certification  (WG-3);  (5) 
Review  EUROCAE  WG-43  Activity;  (6) 
Review  first  draft  material;  (7)  Working 
Group  Sessions;  (8)  In  Plenary;  (a) 
Working  Group  Progress;  (b)  Task 
Assignments;  (9)  Other  Business;  (10) 
Date  and  place  of  next  meeting. 

Attendance  is  open  to  the  interested 
public  but  limited  to  space  available. 
With  the  approval  of  the  Chairman, 
members  of  the  public  may  present  oral 
statements  at  the  meeting.  Persons 
wishing  to  present  statements  or  obtain 
information  should  contact  the  RTCA 
Secretariat,  1140  Connecticut  Avenue, 
NW.,  Suite  1020,  Washington,  DC  20036; 
(202)  833-9339.  Any  member  of  the 
public  may  present  a  written  statement 
to  the  committee  at  any  time. 

Issued  in  Washington,  DC,  on  September  4, 
1992. 

)oyce  J.  Gillen, 

Designated  Officer. 

[FR  Doc.  92-22098  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4910-13-M 


RTCA,  Inc.,  Task  Force  1;  GNSS 
Transition  and  Implementation 
Strategy  Task  Force;  Meeting 

Pursuant  to  section  10(a)(2)  of  the 
Federal  Advisory  Committee  Act  (Pub. 

L.  92-463,  5  U.S.C.,  appendix  I),  notice  is 
hereby  given  for  the  fourth  meeting  of 
the  GNSS  Transition  and 
Implementation  Strategy  Task  Force  to 
be  held  September  11, 1992,  at  the  main 
auditorium,  Software  Productivity 
Consortium,  2214  Rock  Hill  Road, 
Herndon,  VA,  commencing  at  9  a.m. 

The  agenda  for  this  meeting  is  as 
follows:  (1)  The  GNSS  Transition  and 
Implementation  Strategy  Task  Force  will 
meet  to  review  and  approve  its 
proposed  final  report.  No  other  business 
is  planned. 

Attendance  is  open  to  the  interested 
public  but  limited  to  space  available. 
With  the  approval  of  the  Chairman, 
members  of  the  public  may  present  oral 
statements  at  the  meeting.  Persons 
wishing  to  present  statements  or  obtain 
information  should  contact  the  RTCA 
Secretariat,  1140  Connecticut  Avenue, 
NW.,  Suite  1020,  Washington,  DC  20036; 
(202)  833-9339.  Any  member  of  the 
public  may  present  a  written  statement 
to  the  committee  at  any  time. 


Issued  in  Washington,  DC,  on  August  31, 
1992. 

Joyce  J.  Gillen, 

Designated  Officer. 

[FR  Doc.  92-22094  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4910-13-M 


RTCA,  Inc.,  Special  Committee  168; 
Lithium  Batteries;  Meeting 

Pursuant  to  section  10(a)(2)  of  the 
Federal  Advisory  Committee  Act  (Pub. 

L.  92-463,  5  U.S.C.,  appendix  I),  notice  is 
hereby  given  for  the  seventh  meeting  of 
Special  Committee  168  to  be  held 
September  14-15, 1992,  in  the  RTCA 
conference  room,  1140  Connecticut 
Avenue,  NW.,  Suite  1020,  Washington, 
DC  20036,  commencing  at  1  p.m.  on  the 
first  day. 

The  agenda  for  this  meeting  is  as 
follows:  (1)  Chairman’s  remarks;  (2) 
Approval  of  the  summary  from  the  sixth 
meeting,  RTCA  Paper  No.  465-92/ 
SC168-56;  (3)  Technical  Presentations; 

(4)  Review  EUROCAE  WG-39  Activity; 

(5)  Review  of  Material  from  Task 
Assignments;  (6)  Preparation  of  a  First 
Draft;  (7)  Assignment  of  tasks;  (8)  Other 
business;  (9)  Date  and  place  of  next 
meeting. 

Attendance  is  open  to  the  interested 
public  but  limited  to  space  available. 
With  the  approval  of  the  Chairman, 
members  of  the  public  may  present  oral 
statements  at  the  meeting.  Persons 
wishing  to  present  statements  or  obtain 
intormation  should  contact  the  RTCA 
Secretariat,  1140  Connecticut  Avenue, 
NW.,  Suite  1020,  Washington,  DC  20036; 
(202)  833-9339.  Any  member  of  the 
public  may  present  a  written  statement 
to  the  committee  at  any  time. 

Issued  in  Washington,  DC,  on  September  4, 
1992. 

Joyce  J.  Gillen, 

Designated  Officer. 

[FR  Doc.  92-22095  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4910-13-M 


Areata  Airport,  Eureka,  CA;  Intent  to 
Rule 

AGENCY:  Federal  Aviation 
Administration,  DOT. 

ACTION:  Notice  of  intent  to  rule  on 
application  to  impose  and  use  the 
revenue  a  Passenger  Facility  Charge 
(PFC)  at  Areata  Airport,  Eureka, 
California;  with  a  concurrent  application 
to  use  the  revenue  at  the  Areata  Airport 
and  Garberville  Airport. 

SUMMARY:  The  Federal  Aviation 
Administration  (FAA)  proposes  to  rule 
and  invites  public  comment  on  the 
application  to  impose  and  use  the 


revenue  from  a  PFC  at  Areata  Airport 
and  the  Garberville  Airport  under  the 
provisions  of  the  Aviation  Safety  and 
Capacity  Expansion  Act  of  1990  (Title  IX 
of  the  Omnibus  Budget  Reconciliation 
Act  of  1990  (Pub.  L  101-508}  and  14  CFR 
part  158.  On  August  13, 1992,  the  FAA 
determined  that  the  application  to 
impose  and  use  the  revenue  from  a  PFC 
submitted  by  the  County  of  Humboldt 
was  substantially  complete  within  the 
requirements  of  §  158.25  of  part  158.  The 
FAA  will  approve  or  disapprove  the 
application,  in  whole  or  in  part,  no  later 
than  November  27, 1992. 

DATES:  Comments  must  be  received  on 
or  before  October  14, 1992. 

ADDRESSES:  Comments  on  this 
application  may  be  mailed  or  delivered 
in  triplicate  to  the  FAA  at  the  following 
address:  Airports  Division,  P.O.  Box 
92007,  Worldway  Postal  Center,  Los 
Angeles,  CA.  90009  or  San  Francisco 
Airports  District  Office,  831  Mitten 
Road,  room  210,  Burlingame,  CA.  94010- 
1303.  In  addition,  one  copy  of  any 
comments  submitted  to  the  FAA  must 
be  mailed  or  delivered  to  Mr.  John 
Murray,  Public  Works  Director,  County 
of  Humboldt,  at  the  following  address: 
1106  Second  Street,  Eureka,  California 
95501-0579.  Comments  from  air  carriers 
and  foreign  air  carriers  may  be  in  the 
same  form  as  provided  to  the  County  of 
Humboldt  under  §  158.23  of  part  158. 

FOR  FURTHER  INFORMATION  CONTACT: 
Mr.  Joseph  R.  Rodriguez,  Supervisor, 
Planning  and  Programming  Section, 
Airports  District  Office,  831  Mitten 
Road,  room  210,  Burlingame,  CA.  94010- 
1303,  Telephone:  (415)  876-2805.  The 
applications  may  be  reviewed  in  person 
at  this  same  location. 

SUPPLEMENTARY  INFORMATION:  The 
following  is  a  brief  overview  of  the 
application. 

Level  of  proposed  PFC:  $3.00 
Proposed  charge  effective  date:  October 

1. 1992 

Proposed  charge  expiration  date: 

December  31, 1993 
Total  estimated  PFC  revenue: 

$188,500.00 

Brief  description  of  proposed  project: 

Areata  Airport — Grooved  Overlay 
Runway  14/32;  ARFF  Rehabilitation; 

Garberville  Airport — Seal  Coat 
Runway  Taxiway  Ramp;  Reconstruct 
Transit  Apron; 

Construct  Tiedown  Apron  &  Access; 
Demolish  Hangar;  Replace  Wind  Sock 
and  Replace  Perimeter  Fence. 

Class  or  classes  of  air  carriers  which 
the  public  agency  has  requested  not  be 
required  to  collect  PFCs:  None 
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Availability  of  Application 

Any  person  may  inspect  the 
application  in  person  at  the  FAA  office 
listed  above.  In  addition,  any  person 
may,  upon  request,  inspect  the 
application,  notice  and  other  documents 
germane  to  the  application  in  person  at 
the  County  of  Humboldt. 

Issued  in  Hawthorne,  California,  on  August 
13, 1992. 

Herman  C.  Bliss, 

Manager,  Airports  Division,  Western-Pacific 
Region. 

[FR  Doc.  92-22085  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  4910-13-M 


Intent  to  Rule  on  Application  to 
Impose  and  Use  Revenue  From  a 
Passenger  Facility  Charge  (PFC)  at 
Colorado  Springs  Municipal  Airport, 
Colorado  Springs,  CO 

AGENCY:  Federal  Aviation 
Administration,  (FAA),  DOT. 

ACTION:  Notice  of  intent  to  rule  on 
application. 

summary:  The  FAA  proposes  to  rule 
and  invites  public  comment  on  the 
application  to  impose  and  use  the 
revenue  from  a  PFC  at  Colorado  Springs 
Municipal  Airport  under  the  provisions 
of  the  Aviation  Safety  and  Capacity 
Expansion  Act  of  1990  (Title  IX  of  the 
Omnibus  Budget  Reconciliation  Act  of 
1990)  (Pub.  L  101-508)  and  part  158  of 
the  Federal  Aviation  Regulations  (14 
CFR  part  158). 

DATES:  Comments  must  be  received  on 
or  before  October  14, 1992. 

ADDRESSES:  Comments  on  this 
application  may  be  mailed  or  delivered 
in  triplicate  to  the  FAA  at  the  following 
address: 

Alan  E.  Wiechmann,  Manager,  Denver 
Airports  District  Office,  DEN-ADO, 
Federal  Aviation  Administration,  5440 
Roslyn  Street,  suite  300,  Denver,  CO 
80216-6026. 

In  addition,  one  copy  of  any 
comments  submitted  to  the  FAA  must 
be  mailed  or  delivered  to  Gary  W. 

Green,  AAE,  Director  of  Aviation  of  the 
City  of  Colorado  Springs  at  the 
following  address: 

5750  East  Fountain  Boulevard, 
Colorado  Springs,  CO  80916. 

Air  carriers  and  foreign  air  carriers 
may  submit  copies  of  written  comments 
previously  provided  to  the  City  of 
Colorado  Springs  under  §  158.23  of  part 
158. 

FOR  FURTHER  INFORMATION  CONTACT: 

Dakota  L.  Chamberlain,  Wyoming  State 
Engineer,  Denver  Airports  District 
Office,  5440  Roslyn,  suite  300,  Denver, 
CO  80216-6026.  The  application  may  be 


reviewed  in  person  at  this  same 
location. 

SUPPLEMENTARY  INFORMATION:  The  FAA 

proposes  to  rule  and  invites  public 
comment  on  the  application  to  impose 
and  use  the  revenue  from  a  PFC  at 
Colorado  Springs  Municipal  Airport 
under  the  provisions  of  the  Aviation 
Safety  and  Capacity  Expansion  Act  of 
1990  (Title  IX  of  the  Omnibus  Budget 
Reconciliation  Act  of  1990)  (Pub.  L.  101- 
508)  and  part  158  of  the  Federal  Aviation 
Regulations  (14  CFR  part  158). 

On  September  4, 1992  the  FAA 
determined  that  the  application  to 
impose  and  use  the  revenue  from  a  PFC 
submitted  by  the  City  of  Colorado 
Springs,  Colorado  was  substantially 
complete  within  the  requirements  of 
section  158.25  of  part  158.  The  FAA  will 
approve  or  disapprove  the  application, 
in  whole  or  in  part,  no  later  than 
December  23, 1992. 

The  following  is  a  brief  overview  of 
the  application. 

Level  of  the  proposed  PFC:  $3.00 
Proposed  charge  effective  date:  January 

1, 1993 

Proposed  charge  expiration  date: 

December  31, 1998 
Total  estimated  PFC  revenue: 

$11,981,000.00 

Brief  description  of  proposed 
project(s):  Construction  of  public  areas 
in  the  new  terminal  building; 
Construction  of  aircraft  parking  apron 
and  aircraft  parking  positions  for  new 
terminal  building;  Construction  of  the 
southerly  portion  of  a  parallel  taxiway 
to  Runway  17R/35L. 

Class  or  classes  of  air  carriers  which 
the  public  agency  has  requested  not  be 
required  to  collect  PFCs:  None. 

Any  person  may  inspect  the 
application  in  person  at  the  FAA  office 
listed  above  under  “for  further 
INFORMATION  CONTACT”  and  at  the  FAA 
regional  airports  office  located  at: 
Federal  Aviation  Administration, 
Airports  Division,  1601  Lind  Avenue, 
suite  540,  Renton,  WA  98055-4056. 

In  addition,  any  person  may,  upon 
request,  inspect  the  application,  notice 
and  other  documents  germane  to  the 
application  in  person  at  the  City  of 
Colorado  Springs. 

Issued  in  Renton,  Washington  on 
September  4, 1992. 

Edward  G.  Tatum, 

Manager,  Airports  Division,  Northwest 
Mountain  Region. 

[FR  Doc.  92-22103  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  4910-13-M 


Notice  of  Intent  To  Rule  on  Application 
To  Impose  and  Use  Revenue  From  a 
Passenger  Facility  Charge  (PFC)  at 
Telluride  Regional  Airport,  Telluride, 

CO 

AGENCY:  Federal  Aviation 
Administration  (FAA),  DOT. 

ACTION:  Notice  of  intent  to  rule  on 
application. 

summary:  The  FAA  proposes  to  rule 
and  invites  public  comment  on  the 
application  to  impose  and  use  the 
revenue  from  a  PFC  at  Telluride 
Regional  Airport  under  the  provisions  of 
the  Aviation  Safety  and  Capacity 
Expansion  Act  of  1990  (Title  IX  of  the 
Omnibus  Budget  Reconciliation  Act  of 
1990)  (Public  Law  101-508)  and  part  158 
of  the  Federal  Aviation  Regulations  (14 
CFR  part  158). 

DATES:  Comments  must  be  received  on 
or  before  October  14, 1992. 

ADDRESSES:  Comments  on  this 
application  may  be  mailed  or  delivered 
in  triplicate  to  the  FAA  at  the  following 
address:  Alan  E.  Wiechmann,  Manager, 
Denver  Airports  District  Office,  DEN- 
ADO,  Federal  Aviation  Administration, 
5440  Roslyn,  Suite  300  Denver,  CO 
80216-6026. 

In  addition,  one  copy  of  any 
comments  submitted  to  the  FAA  must 
be  mailed  or  delivered  to  Richard  R. 
Arnold  of  the  Telluride  Regional  Airport 
at  the  following  address:  P.O.  Box  1807, 
Telluride,  Colorado  81435. 

Air  carriers  and  foreign  air  carriers 
may  submit  copies  of  written  comments 
previously  provided  to  the  Telluride 
Regional  Airport  under  section  158.23  of 
part  158. 

FOR  FURTHER  INFORMATION  CONTACT: 

Dakota  L.  Chamberlain,  Wyoming  State 
Engineer,  Denver  Airports  District 
Office,  5440  Roslyn,  Suite  300,  Denver, 
CO  80216-6026.  The  application  may  be 
reviewed  in  person  at  this  same 
location. 

SUPPLEMENTARY  INFORMATION:  The  FAA 

proposes  to  rule  and  invites  public 
comment  on  the  application  to  impose 
and  use  the  revenue  from  a  PFC  at 
Telluride  Regional  Airport  under  the 
provisions  of  tlhe  Aviation  Safety  and 
Capacity  Expansion  Act  of  1990  (Title  IX 
of  the  Omnibus  Budget  Reconciliation 
Act  of  1990)  (Public  Law  101-508)  and 
part  158  of  the  Federal  Aviation 
Regulations  (14  CFR  part  158). 

On  September  4, 1992,  the  FAA 
determined  that  the  application  to 
impose  and  use  the  revenue  from  a  PFC 
submitted  by  the  Telluride  Regional 
Airport  Authority,  Telluride,  Colorado 
was  substantially  complete  within  the 
requirements  of  section  158.25  of  part 
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158.  The  FAA  will  approve  or 
disapprove  the  application,  in  whole  or 
in  part,  no  later  than  December  4, 1992. 

The  following  is  a  brief  overview  of 
the  application. 

Level  of  the  proposed  PFC:  $3.00. 
Proposed  charge  effective  date:  January 
1,1993. 

Proposed  charge  expiration  date: 

December  31,  2002. 

Total  estimated  PFC  revenue: 
$373,555.00. 

Brief  description  of  proposed  projects: 
Construction  of  a  new  terminal  building; 
and  realignment  of  the  access  road  and 
associated  signs  and  lighting. 

Class  of  classes  of  air  carriers  which 
the  public  agency  has  requested  not  be 
required  to  collect  PFCs:  None. 

Any  person  may  inspect  the 
application  in  person  at  the  FAA  office 
listed  above  under  “FOR  FURTHER 
INFORMATION  CONTACT”  and  at  the  FAA 
regional  Airports  office  located  at: 
Federal  Aviation  Administration, 
Airports  Division,  1601  Lind  Avenue, 
Suite  540,  Renton,  WA  98055-4056. 

In  addition,  any  person  may,  upon 
request,  inspect  the  application,  notice 
and  other  documents  germane  to  the 


application  in  person  at  the  Telluride 
Regional  Airport,  Telluride,  Colorado. 

Issued  in  Renton,  Washington  on 
September  4, 1992. 

Edward  G.  Tatum, 

Manager,  Airports  Division,  Northwest 
Mountain  Region. 

[FR  Doc.  92-22099  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4910-13-M 


DEPARTMENT  OF  THE  TREASURY 

Public  Information  Collection 
Requirements  Submitted  to  OMB  for 
Review 

Date:  September  4, 1992. 

The  Department  of  Treasury  has 
submitted  the  following  public 
information  collection  requirement(s)  to 
OMB  for  review  and  clearance  under 
the  Paperwork  Reduction  Act  of  1980, 
Public  Law  96-511.  Copies  of  the 
submission(s)  may  be  obtained  by 
calling  the  Treasury  Bureau  Clearance 
Officer  listed.  Comments  regarding  this 
information  collection  should  be 
addressed  to  the  OMB  reviewer  listed 
and  to  the  Treasury  Department 


Clearance  Officer,  Department  of  the 

Treasury,  Room  3171  Treasury  Annex, 

1500  Pennsylvania  Avenue  NW., 

Washington,  DC  20220. 

Internal  Revenue  Service 

OMB  Number.  1545-0710. 

Form  Number  IRS  Forms  5500  and  5500- 
C/R  and  Schedule  B  (Form  5500), 
Schedule  E  (Form  5500),  Schedule  F 
(Form  5500)  and  Schedule  P  (Form 
5500). 

Type  of  Review:  Revision. 

Title:  Annual  Retum/Report  of 
Employee  Benefit  Plan  (5500),  Return/ 
Report  of  Employee  Benefi t  Plan 
(5500-C/R)  and  Associated  Schedules. 

Description:  Forms  5500  and  5500-C/R 
are  annual  information  returns  filed 
by  employee  benefit  plans.  The  IRS 
uses  this  data  to  determine  if  the  plan 
appears  to  be  operating  properly  as 
required  under  the  law  or  whether  the 
plan  should  be  audited. 

Respondents:  Businesses  or  other  for- 
profit,  Small  businesses  or 
organizations. 

Estimated  Number  of  Respondents/ 
Recordkeepers:  901,400. 

Estimated  Burden  Hours  Per 
Respondent/Recordkeeper: 


Copying. 

Form/schedules 

Recordkeeping 

Learning  about  the  law  or 
the  form 

Preparing  the  form 

assembling, 
and  sending 
the  form  to  the 

IRS 

Annual  Retum/Report  of  Employee  Benefit  Plan  (5500) 


5500  (Initial  filers) .  . ! 

48  minutes. 

48  minutes. 

16  minutes. 

jfjfWfWppp  nnn 

14  minutes. 

1  hour,  56  minutes. 

19  minutes. 

21  minutes. 

33  minutes. 

19  minutes. 

HS 

jv 

Retum/Report  of  Employee  Benefit  Plan  (5500-C/R) 

32  minutes. 

32  minutes. 

32  minutes. 

16  minutes. 

HP;. 

UN 

Frequency  of  Response:  Annually 
Estimated  Total  Reporting/ 
Recordkeeping  Burden:  33,320,421 
hours 

Clearance  Officer  Garrick  Shear  (202) 
622-3869,  Internal  Revenue  Service, 


room  5571, 1111  Constitution  Avenue 
NW.,  Washington,  DC  20224. 

OMB  Reviewer  Milo  Sunderhauf,  (202) 
395-6880,  Office  of  Management  and 
Budget,  room  3001,  New  Executive 


Office  Building,  Washington,  DC 
20503. 

Lois  K.  Holland, 

Departmental  Reports  Management  Officer. 
[FR  Doc.  92-21854  Filed  9-11-92;  8:45  am] 
BILLING  CODE  4S30-01-M 
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Public  Information  Collection 
Requirements  Submitted  to  OMB  for 
Review 

Dated:  September  8, 1992. 

The  Department  of  the  Treasury  has 
submitted  the  following  public 
information  collection  requirement(s)  to 
OMB  for  review  and  clearance  under 
the  Paperwork  Reduction  Act  of  1980, 
Public  Law  96-511.  Copies  of  the 
submission(s)  may  be  obtained  by 
calling  the  Treasury  Bureau  Clearance 
Officer  listed.  Comments  regarding  this 
information  collection  should  be 
addressed  to  the  OMB  reviewer  listed 
and  to  the  Treasury  Department 
Clearance  Officer,  Department  of  the 
Treasury,  Room  3171  Treasury  Annex, 
1500  Pennsylvania  Avenue  NW., 
Washington,  DC  20220. 

Internal  Revenue  Service 

OMB  Number  1545-0232. 

Form  Number  IRS  Form  6497. 

Type  of  Review:  Extension. 

Title:  Information  Return  of  Nontaxable 
Energy  Grants  or  Subsidized  Energy 
Financing. 

Description:  Form  6497  is  used  by  any 
governmental  agency  or  its  agents 
that  make  nontaxable  grants  or 
subsidized  financing  for  energy 
conservation  or  production  programs. 
We  use  the  information  from  the  form 
to  ensure  that  recipients  have  not 
claimed  tax  credits  or  other  benefits 
with  respect  to  the  grant  or  subsidized 
financing  (no  "double  dipping"). 
Respondents:  State  or  local 
governments,  Businesses  or  other  for- 
profit,  Federal  agencies  or  employees; 
Small  businesses  or  organizations. 
Estimated  Number  of  Respondents/ 
Recordkeepers:  250. 

Estimated  Burden  Hours  Per 
Respondent/Recordkeeper: 
Recordkeeping — 2  hours,  23  minutes. 
Learning  about  the  law  or  the  form — 
18  minutes. 

Preparing,  copying,  and  sending  the 
form  to  the  IRS — 21  minutes. 
Frequency  of  Response:  Annually. 
Estimated  Total  Reporting/ 
Recordkeeping  Burden:  760  hours. 
Clearance  Officer  Garrick  Shear,  (202) 
622-3869,  Internal  Revenue  Service, 
Room  5571, 1111  Constitution  Avenue 
NW.,  Washington,  DC  20224.. 

OMB  Reviewer  Milo  Sunderhauf,  (202) 
395-6880,  Office  of  Management  and 
Budget,  Room  3001,  New  Executive 
Office  Building,  Washington,  DC 
20503. 

Lois  K.  Holland, 

Departmental  Reports  Management  Officer. 
[FR  Doc.  92-22111  Filed  9-11-92;  8:45  am] 

BILLING  CODE  4S30-01-M 


Fiscal  Service 

[Dept.  Circ.  570, 1992  Rev.,  Supp.  No.  1] 

Surety  Companies  Acceptable  on 
Federal  Bonds;  Security  Insurance  Co. 
of  Hartford 

A  Certificate  of  Authority  as  an 
acceptable  surety  on  Federal  Bonds  is 
hereby  issued  to  the  following  company 
under  sections  9304  to  9308,  title  31,  of 
the  United  States  Code,  effective  July  23, 
1992.  Federal  bond-approving  officers 
should  annotate  their  reference  copies 
of  the  Treasury  Circular  570, 1992 
Revision,  on  page  29391  to  reflect  this 
addition: 

Security  Insurance  Company  of 
Hartford.  Business  Address:  P.O. 

Box  420,  Hartford,  CT  06141. 
Underwriting  Limitation  b: 
$15,938,000.  Surety  Licenses c:  AL, 
AK,  AS,  AZ,  AR,  CA,  CO,  CT,  DE, 
DC,  FL,  GA,  GU,  HI,  ID,  IL,  IN,  LA, 
KS,  KY,  LA,  ME.  MD.  MI,  MN.  MS, 
MO,  MT.  NE,  NV,  NH,  NM,  NY,  NC, 
ND,  OH.  OK.  OR,  PA,  PR,  RI,  SC, 

SD,  TN,  TX,  UT,  VT,  VA,  VI,  WA, 
WV,  WI,  WY.  Incorporated  in; 
Connecticut. 

Certificates  of  Authority  expire  on 
June  30  each  year,  unless  revoked  prior 
to  that  date.  The  Certificates  are  subject 
to  subsequent  annual  renewal  as  long  as 
the  companies  remain  qualified  (31  CFR 
part  223).  A  list  of  qualified  companies 
is  published  annually  as  of  July  1  in 
Treasury  Department  Circular  570,  with 
details  as  to  underwriting  limitations, 
areas  in  which  licensed  to  transact 
surety  business  and  other  information. 

Copies  of  the  Circular  may  be 
obtained  from  the  Department  of  the 
Treasury,  Financial  Management 
Service,  Funds  Management  Division, 
Surety  Bond  Branch,  Washington,  DC 
20227,  telephone  (202)  874-6696. 

Dated:  September  4, 1992. 

Charles  F.  Schwan,  III, 

Director,  Funds  Management  Division, 
Financial  Management  Service. 

[FR  Doc.  92-22044  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  4S10-35-M 

[Dept.  Circ.  579, 1992  Rev.,  Supp.  No.  2] 

Surety  Companies  Acceptable  on 
Federal  Bonds;  the  Connecticut 
Indemnity  Co. 

A  Certificate  of  Authority  as  an 
acceptable  surety  on  Federal  Bonds  is 
hereby  issued  to  the  following  company 
under  sections  9304  to  9308,  title  31,  of 
the  United  States  Code,  effective  July  23, 
1992.  Federal  bond-approving  officers 
'  should  annotate  their  reference  copies 
of  the  Treasury  Circular  570, 1992 


Revision,  on  page  29367  to  reflect  this 
addition: 

The  Connecticut  Indemnity  Company. 
Business  Address:  P.O.  Box  420, 
Hartford,  CT  06141.  Underwriting 
Limitation  b:  $1,589,000.  Surety 
Licenses  c:  AL,  AK,  AS,  AZ,  AR,  CA. 
CO.  CT,  DE,  DC,  FL,  GA,  GU,  HI.  ID, 
IL,  IN.  IA,  KS,  KY,  LA,  ME,  MD,  MA, 
MI,  MN.  MS,  MO,  MT.  NE,  NV,  NH. 
NJ,  NM,  NY,  NC.  ND,  OH,  OK,  OR. 
PA,  PR.  RI.  SC.  SD,  TN,  TX,  UT,  VT, 
VA.  VI.  WA,  WV,  WI,  AND  WY. 
Incorporated  in:  Connecticut. 

Certificates  of  Authority  expire  on 
June  30  each  year,  unless  revoked  prior 
to  that  date.  The  Certificates  are  subject 
to  subsequent  annual  renewal  as  long  as 
the  companies  remain  qualified  (31  CFR 
part  223).  A  list  of  qualified  companies 
is  published  annually  as  of  July  1  in 
Treasury  Department  Circular  570,  with 
details  as  to  underwriting  limitations, 
areas  in  which  licensed  to  transact 
surety  business  and  other  information. 

Copies  of  the  Circular  may  be 
obtained  from  the  Department  of  the 
Treasury,  Financial  Management 
Service,  Funds  Management  Division, 
Surety  Bond  Branch,  Washington,  DC 
20227,  telephone  (202)  874-6696. 

Dated:  September  4, 1992. 

Charles  F.  Schwan,  III, 

Director,  Funds  Management  Division, 
Financial  Management  Service. 

(FR  Doc.  92-22046  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  4810-35-M 


Office  of  Thrift  Supervision 

Birmingham  Federal  Savings  Bank 
Birmingham,  AL;  Appointment  of 
Conservator 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)  (B)  and  (H)  of  the  Home  Owners 
Loan  Act,  the  Office  of  Thrift 
Supervision  has  duly  appointed  the 
Resolution  Trust  Corporation  as  sole 
Conservator  for  Birmingham  Federal 
Savings  Bank,  Birmingham,  Alabama,  on 
August  20. 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22012  Filed  9-11-92;  8:45  am] 


BILUNG  CODE  6720-01-M 
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Citadel  Federal  Savings  and  Loan 
Association,  Charleston,  SC; 
Appointment  of  Conservator 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)  (2]  (B)  and  (H)  of  the  Home  Owners’ 
Loan  Act,  the  Office  of  Thrift 
Supervision  has  duly  appointed  the 
Resolution  Trust  Corporation  as  sole 
Conservator  for  Citadel  Federal  Savings 
and  Loan  Association,  Charleston,  South 
Carolina,  on  August  7, 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22013  Filed  9-11-92;  8:45  am] 
BILLING  COOE  6720-01-M 


First  Federal  Savings  and  Loan 
Association  of  Russell  County,  FA; 
Appointment  of  Conservator 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)  (B)  and  (H)  of  the  Home  Owners’ 
Loan  Act,  the  Office  of  Thrift 
Supervision  has  duly  appointed  the 
Resolution  Trust  Corporation  as  sole 
Conservator  for  First  Federal  Savings 
and  Loan  Association  of  Russell  County, 
FA,  Phenix  City,  Alabama,  on  July  24, 
1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22014  Filed  9-11-92;  8:45  am] 
BILUNG  COOE  6720-01-M 


Franklin  Federal  Savings  Association; 
Appointment  of  Conservator 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(B)  and  (H)  of  the  Home  Owner’s 
Loan  Act,  the  Office  of  Thrift 
Supervision  has  duly  appointed  the 
Resolution  Trust  Corporation  as  sole 
Conservator  for  Franklin  Federal 
Savings  Association,  Ottawa,  Kansas, 
on  July  17, 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

(FR  Doc.  92-22015  Filed  9-11-92;  8:45  am] 
BILLING  COOE  6720-01-M 


Liberty  Federal  Savings  Bank; 
Appointment  of  Conservator 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 


5(d)(2)  (B)  and  (H)  of  the  Home  Owners' 
Loan  Act,  the  Office  of  Thrift 
Supervision  has  duly  appointed  the 
Resolution  Trust  Corporation  as  sole 
Conservator  for  Liberty  Federal  Savings 
Bank,  Warrenton,  Virginia,  on  July  17, 
1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

(FR  Doc.  92-22010  Filed  9-11-92;  8:45  am] 

BILUNG  COOE  6720-01-M 


New  England  Federal  Savings 
Association;  Appointment  of 
Conservator 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(B)  and  (H)  of  the  Home  Owner’s 
Loan  Act,  the  Office  of  Thrift 
Supervision  has  duly  appointed  the 
Resolution  Trust  Corporation  as  sole 
Conservator  for  New  England  Federal 
Savings  Association,  Wellesley, 
Massachusetts,  on  July  17, 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22017  Filed  9-11-92;  8:45  am] 

BILLING  CODE  6720-01-M 


DEPARTMENT  OF  THE  TREASURY 

Office  of  Thrift  Supervision 

Potomac  Federal  Savings  Bank; 
Appointment  of  Conservator 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)  (B)  and  (H)  of  the  Home  Owner’s 
Loan  Act,  the  Office  of  Thrift 
Supervision  has  duly  appointed  the 
Resolution  Trust  Corporation  as  sole 
Conservator  for  Potomac  Federal 
Savings  Bank,  Silver  Spring,  Maryland, 
on  August  27, 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

(FR  Doc.  92-22018  Filed  9-11-92;  8:45  am] 

BILUNG  CODE  6720-01-M 


Birmingham  Federal  Savings  and  Loan 
Association,  Birmingham,  AL; 
Appointment  of  Receiver 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(A)  of  the  Home  Owners’  Loan 
Act,  the  Office  of  Thrift  Supervision  has 
duly  appointed  the  Resolution  Trust 
Corporation  as  sole  Receiver  for 
Birmingham  Federal  Savings  and  Loan 
Association,  Birmingham,  Alabama, 
OTS  Number  0862,  on  August  20, 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22019  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  6720-01-M 


Citadel  Federal  Savings  Bank 
Charleston,  SC;  Appointment  of 
Receiver 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(A)  of  the  Home  Owners’  Loan 
Act,  the  Office  of  Thrift  Supervision  has 
duly  appointed  the  Resolution  Trust 
Corporation  as  sole  Receiver  for  Citadel 
Federal  Savings  Bank,  Charleston,  South 
Carolina,  OTS  No.  8298,  on  August  7, 
1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22020  Filed  9-11-92;  8:45  am] 
BILUNG  COOE  6720-01-M 


First  Federal  Savings  and  Loan 
Association  of  Russell  County; 
Appointment  of  Receiver 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(A)  of  the  Home  Owners’  Loan 
Act,  the  Office  of  Thrift  Supervision  has 
.duly  appointed  the  Resolution  Trust 
Corporation  as  sole  Receiver  for  First 
Federal  Savings  and  Loan  Association 
of  Russell  County,  Phenix  City, 
Alabama,  OTS  No.  3422,  on  July  24, 
1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22021  Filed  9-11-92;  8:45  am] 

BILLING  CODE  6720-01-M 
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Franklin  Savings  Association, 
Appointment  of  Receiver 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)  of  the  Home  Owners’  Loan  Act, 
the  Office  of  Thrift  Supervision  has  duly 
appointed  the  Resolution  Trust 
Corporation  as  sole  Receiver  for 
Franklin  Savings  Association,  Ottawa, 
Kansas,  OTS  No.  5149,  on  July  17, 1992. 
Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22022  Filed  9-11-92;  8:45  am] 
BILLING  CODE  6720-0 1-M 

Liberty  Savings  Bank;  Appointment  of 
Receiver 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(C)  of  the  Home  Owner’s  Loan 
Act,  the  Office  of  Thrift  Supervision  has 
duly  appointed  the  Resolution  Trust 
Corporation  as  sole  Receiver  for  Liberty 
Savings  Bank,  Warrenton,  Virginia  OTS 
No.  7615,  on  July  17, 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22023  Filed  9-11-92,  8:45  am] 
BILLING  CODE  6720-01-M 

New  England  Federal  Savings  Bank; 
Appointment  of  Receiver 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(A)  of  the  Home  Owners’  Loan 
Act,  the  Office  of  Thrift  Supervision  has 
duly  appointed  the  Resolution  Trust 
Corporation  as  sple  Receiver  for  New 
England  Federal  Savings  Bank, 
Wellesley,  Massachusetts,  on  July  17, 
1992. 

Dated:  September  8. 1992. 

By  the  Office  of  Thrift  Supervision. 

Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22024  Filed  9-11-92;  8:45  am] 
BILLING  CODE  6720-0 1-HJ 

Potomac  Savings  Bank,  F.S.B.; 
Appointment  of  Receiver 

Notice  is  hereby  given  that,  pursuant 
to  the  authority  contained  in  section 
5(d)(2)(A)  of  the  Home  Owners’  Loan 
Act,  the  Office  of  Thrift  Supervision  has 
duly  appointed  the  Resolution  Trust 
Corporation  as  sole  Receiver  for 
Potomac  Savings  Bank,  F.S.B..  Silver 


Spring,  Maryland,  OTS  No.  8212,  on 
August  27, 1992. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision. 
Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22025  Filed  9-11-92;  8:45  am) 
BILUNG  CODE  6720-01-M 


[AC-53;  OTS  No.  3646] 

First  Family  Federal  Savings  and  Loan 
Association,  Eustis,  FL;  Final  Action; 
Approval  of  Conversion  Application 

Notice  is  hereby  given  that  on  August 
27, 1992,  the  designee  of  the  Chief 
Counsel,  Office  of  Thrift  Supervision, 
acting  pursuant  to  the  authority 
delegated  to  him,  approved  the 
application  of  First  Family  Federal 
Savings  and  Loan  Association,  Eustis, 
Florida,  for  permission  to  convert  to  the 
stock  form  of  organization.  Copies  of  the 
application  are  available  for  inspection 
at  the  Information  Services  Division, 
Office  of  Thrift  Supervision,  1776  G 
Street,  NW.,  Washington,  DC  20052,  and 
the  Office  of  Thrift  Supervision, 
Southeast  Regional  Office,  1475 
Peachtree  Street,  NW.,  Atlanta,  Georgia 
30309. 

Dated:  September  8, 1992. 

By  the  Office  of  Thrift  Supervision 
Nadine  Y.  Washington, 

Corporate  Secretary. 

[FR  Doc.  92-22026  Filed  9-11-92;  8:45  am] 
BILLING  COOE  6720-01-M 


DEPARTMENT  OF  VETERANS 
AFFAIRS 

Secretary’s  Educational  Assistance 
Advisory  Committee;  Charter  Renewal 

This  gives  notice  under  the  Federal 
Advisory  Committee  Act  (Pub.L.  92-463) 
of  October  6, 1972,  that  the  Department 
of  Veterans  Affairs  Secretary’s 
Educational  Assistance  Advisory 
Committee  has  been  renewed  for  the 
period  beginning  August  27, 1992, 
through  December  31, 1993. 

By  direction  of  the  Secretary. 

Dated:  September  1, 1992. 

Diane  H.  Landis 

Committee  Management  Officer. 

[FR  Doc.  92-22054  Filed  9-11-92;  8:45  am] 

BILLING  CODE  8320-01-M 


Prosthetics  and  Special-Disabilities 
Programs  Advisory  Committee; 
Meeting 

The  Department  of  Veterans  Affairs 
(VA)  gives  notice  under  Public  Law  92- 
463  that  a  meeting  of  the  Advisory 
Committee  on  Prosthetics  and  Special- 
Disabilities  Programs  will  be  held 
Monday  and  Tuesday,  September  28-29, 
1992,  in  the  fifth  floor  conference  room 
of  the  VA  offices  at  103  South  Gay 
Street,  Baltimore,  MD.  The  September  28 
session  will  convene  at  8:30  a.m.  and 
adjourn  at  4:30  p.m.  and  the  September 
29  session  will  convene  at  8:30  a.m.  and 
adjourn  at  3  p.m. 

The  purpose  of  the  Advisory 
Committee  is  to  advise  the  Department 
on  its  prosthetics  programs  designed  to 
provide  state-of-the-art  prosthetics  and 
the  associated  rehabilitation  research, 
development  and  evaluation  of  such 
technology.  The  Advisory  Committee 
also  advises  the  Department  on  Special- 
Disabilities  programs  which  are  defined 
as  any  program  administered  by  the 
Secretary  to  serve  veterans  with  spinal 
cord  injury,  blindness  or  vision 
impairment,  loss  of  or  loss  of  use  of 
extremities,  deafness  or  hearing 
impairment,  or  other  serious 
incapacities  in  terms  of  daily  life 
functions. 

The  meeting  is  open  to  the  public  to 
the  capacity  of  the  room.  For  those 
wishing  to  attend,  contact  Ms.  Mary 
Allen,  Veterans  Health  Administration 
(117),  phone  (202)  535-7537,  Department 
of  Veterans  Affairs,  810  Vermont 
Avenue  NW.,  Washington,  DC  20420, 
prior  to  September  21, 1992. 

Dated:  September  2, 1992. 

Diane  H.  Landis, 

Committee  Management  Officer. 

[FR  Doc.  92-22056  Filed  9-11-92;  8:45  am] 
BILUNG  CODE  8320-01-M 

Voluntary  Service  National  Advisory 
Committee;  Meeting 

The  Department  of  Veterans  Affairs 
gives  notice  under  Public  Law  92-463 
that  the  annual  meeting  of  the 
Department  of  Veterans  Affairs 
Voluntary  Service  National  Advisory 
Committee,  comprised  of  58  national 
voluntary  organizations,  will  be  held  at 
The  Marriott  Hotel,  25  America’s  Cup 
Avenue,  Newport,  Rhode  Island, 
October  28  through  November  1, 1992. 

Registration  of  the  conferees  and 
orientation  of  new  committee  members 
will  be  held  beginning  at  1  p.m.  on 
October  29, 1992.  The  committee  will 
officially  convene  with  the  Opening 
Session  at  9  a.m.,  October  30, 1992,  and 
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will  conclude  at  12  noon,  November  1, 
1992. 

The  purposes  of  the  meeting  are  to 
instruct  committee  members  and 
organization  officials  of  the  obligations 
they  have  accepted  for  volunteer 
recruitment,  communications  and 
program  interpretation,  and  to  seek  the 


advice  of  the  committee  in  further 
developing  volunteer  participation  in  the 
care  and  treatment  of  veteran  patients 
throughout  the  Department's  nationwide 
medical  program. 

For  further  information  contact  the 
Director,  Voluntary  Service  (101A), 
Department  of  Veterans  Affairs,  810 


Vermont  Avenue  NW„  Washington,  DC 
20420,  Telephone  (202)  535-7405. 

Dated:  September  3, 1992. 

Diane  H.  Landis, 

Committee  Management  Officer 

[FR  Doc.  92-22055  Filed  9-11-92:  ( :  15  am] 

BILLING  CODE  S320-01-M 
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This  section  of  the  FEDERAL  REGISTER 
contains  notices  of  meetings  published 
under  the  “Government  in  the  Sunshine 
Act"  (Pub.  L  94-409)  5  U.S.C.  552b(e)<3). 


COMMODITY  FUTURES  TRADING 
COMMISSION 

TIME  ANO  date:  10:00  a.m..  Tuesday. 
September  22, 1992. 

PLACE:  2033  K  St.,  N.W.,  Washington. 
D.C.,  Lower  Lobby  Hearing  Room. 

status:  Open. 

MATTERS  TO  BE  CONSIDERED: 

— Application  of  the  Chicago  Mercantile 
Exchange,  Inc.  for  contract  designation  in 
Three-Month  Euromark  Time  Deposit 
Futures  and  Options 

— Application  of  the  Commodity  Exchange, 
Inc.  for  contract  designation  in  U.S.  Gulf 
Coast  Jet  Fuel  Futures 
— Application  of  the  New  York  Cotton 
Exchange,  Inc.  for  contract  designation  in 
Cotlook  World  Cotton  Futures  and  Options 

CONTACT  PERSON  FOR  MORE 
INFORMATION:  Jean  A.  Webb,  254-6314. 
Jean  A,  Webb, 

Secretary  of  the  Commission. 

(FR  Doc.  92-22223  Filed  9-10-82;  3:11  pmj 

BIUJNG  COO£  635V-01-M 

COMMODITY  FUTURES  TRADING 
COMMISSION 

TIME  AND  DATE:  10:30  a.m.,  Tuesday, 
September  22. 1992. 

PLACE:  2033  K  St.,  N.W.,  Washington. 
D.C,  8th  Floor  Hearing  Room. 

STATUS:  Closed. 

MATTERS  TO  BE  CONSIDERED: 

Enforcement  Matters. 

CONTACT  PERSON  FOR  MORE 
INFORMATION:  Jean  A.  Webb.  254-6314. 
Jean  A.  Webb, 

Secretary  of  the  Commission. 

[FR  Doc.  92-22224  Filed  9-10-92:  3:11  pm] 

BILLING  COOE  6J51-01-N 

COMMODITY  FUTURES  TRADING 
COMMISSION 

TIME  AND  DATE:  HfcOO  a.m.,  Tuesday, 
September  29, 1992. 

PLACE:  2033  K  St.,  N.W.,  Washington, 
D.C.,  8th  Floor  Hearing  Room. 

STATUS:  Closed. 

MATTERS  TO  BE  CONSIDERED:  Rule 
Enforcement  Review. 


CONTACT  PERSON  FOR  MORE 
INFORMATION:  Jean  A.  Webb,  254-6314. 
Jean  A.  Webb, 

Secretary  of  the  Commission. 

[FR  Doc.  92-22225  Filed  9-10-82;  3:11  pm] 

BILLING  COOE  BJS1-01-M 

COMMODITY  FUTURES  TRADING 
COMMISSION 

TIME  ANO  DATE:  10:30  a.m.,  Tuesday, 
September  29, 1992. 

PLACE:  2033  K  St.,  N.W.,  Washington, 
D.C.,  8th  Floor  Hearing  Room. 

STATUS:  Closed. 

MATTERS  TO  BE  CONSIDERED: 
Enforcement  Matters. 

CONTACT  PERSON  FOR  MORE 
INFORMATION:  Jean  A.  Webb,  254-6314. 
Jean  A.  Webb, 

Secretary  of  the  Commission. 

[FR  Doc.  92-22226  Filed  9-10-92;  3:11  pm) 
BILLING  COOE  S3S1-41-M 

FEDERAL  ENERGY  REGULATORY 
COMMISSION 

Notice  of  Closed  Meeting 
The  following  notice  of  meeting  is 
published  pursuant  to  Section  3(a)  of  the 
Government  in  the  Sunshine  Act  (Pub.  L 
No.  94-409),  5  U.S.G  552b: 

DATE  AND  TIME:  September  16, 1992,  9:00 
a.m. 

PLACE:  825  North  Capitol  Street  N.E., 
Room  9306,  Washington,  D.C  20428. 
status:  closed. 

MATTERS  TO  BE  CONSIDERED: 

(1)  Northwest  Pipeline  Corporation.  Docket 
Nos.  IN 90-1-000,  CP89- 304-000  and  CP89- 
305-000. 

(2)  Indicated  Shippers  v.  El  Paso  Natural 
Gas  Company,  Docket  Nos.  CP91-732-000 
and  CP88-332-010. 

CONTACT  PERSON  FOR  MORE 
INFORMATION:  Lois  D.  CashelL  Secretary, 
Telephone  (202)  208-0400. 

Dated:  September  9, 1992. 

Lois  D.  Cashell, 

Secretary. 

[FR  Doc.  92-22278  Filed  9-10-02;  3:12  pm} 
BILLING  COOE  6717-01-N 

FEDERAL  ENERGY  REGULATORY 
COMMISSION 

Notice 

The  following  notice  of  meeting  is 
published  pursuant  to  Section  3(a)  of  the 
Government  in  the  Sunshine  Act  (Pub.  L 
No.  94-409),  5  U.S.C.  552b: 


DATE  ANO  TIME:  September  16, 1992, 

10:00  a.m. 

place:  825  North  Capitol  Street,  N.E., 
Room  9306,  Washington,  D.C.  20428. 
STATUS:  Open. 

MATTERS  TO  BE  CONSIDERED:  Agenda. 

Note:  Items  listed  on  the  agenda  may  be 
deleted  without  further  notice. 

CONTACT  PERSON  FOR  MORE 
information:  Lois  D.  Cashell,  Secretary, 
Telephone  (202)  208-0400.  For  a 
recording  listing  items  stricken  from  or 
added  to  the  meeting,  call  (202)  208- 
1627. 

This  is  a  list  of  matters  to  be 
considered  by  the  Commission.  It  does 
not  include  a  listing  of  all  papers 
relevant  to  the  items  on  the  agenda; 
however,  all  public  documents  may  be 
examined  in  the  Reference  and 
Information  Center. 

Consent  Agenda — Hydro,  964th  Meeting — 
September  16, 1992,  Regular  Meeting  (104)0 
ajn.) 

CAH-1. 

Project  No.  10900-001.  Thomas  Hodgson  & 
Sons,  Inc 
CAH-2. 

Omitted 

CAH-3. 

Project  No.  3188-007.  Joseph  M.  Keating 
CAH-4. 

Project  No.  3194-011,  Joseph  M.  Keating 
CAH-5. 

Project  No.  10047-002.  Northern  Hydro 
Consultants,  Inc 

Project  No.  10514-001,  C&A  Wallcovering. 
Inc 
CAH-8. 

Project  No.  8283-005,  Summit  Hydropower 
CAH-7. 

Project  No.  9085-011.  Richard  Balagur 
CAH-8. 

Project  No.  10813-000,  Town  of 
Summer8ville,  West  Virginia 
Project  No.  10634-000,  City  of  Manassas. 
Virginia 
CAH-8. 

Project  No.  7664-009.  East  Bench  Irrigation 
District 

Consent  Electric  Agenda 

CAE-1. 

Docket  No.  ER92-517-000,  Southern 
Company  Services.  Inc 
CAE-2. 

Docket  Nos.  ER92-747-000  and  ER92-748- 
000,  Ocean  State  Power  II 
CAE-3. 

Docket  No.  ER92-284-000.  Vermont  Electric 
Power  Company 
CAE-4. 

Docket  No.  ER92-516-002,  Entergy  Power. 
Inc 
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CAE-5. 

Docket  No.  ER92-693-000,  Puget  Sound 
Power  &  Light  Company 
CAE— 6. 

Omitted 

CAE-7. 

Docket  No.  ER 85-4 77-011,  Southwestern 
Public  Service  Company 
CAE-8. 

Omitted 

CAE-9. 

Docket  Nos.  ER92-331-002  and  ER92-332- 
002,  Consumers  Power  Company 
CAE-10. 

Docket  No.  ER92-31 6-001,  Southern 
Company  Services,  Inc. 

CAE-11. 

Docket  No.  ER92-122-002,  Mississippi 
Power  Company 
CAE-12. 

Docket  No.  ER92-110-001,  PacifiCorp 
Electric  Operations 
CAE-13. 

Docket  Nos.  ER91-494-002  and  ER91-471- 
002,  PacifiCorp  Electric  Operations 
CAE-14. 

Docket  No.  ER92-67-001,  Western 
Massachusetts  Electric  Company 
CAE-15. 

Docket  No.  ER86-562-004,  Boston  Edison 
Company 
CAE— 16. 

Docket  No.  ER92-286-001,  New  England 
Power  Company 
CAE-17. 

Omitted 

CAE-18. 

Docket  No.  EL81-5-001,  Edison  Electric 
Institute 
CAE-19^ 

Omitted 

CAE-20. 

Docket  No.  EL-92-12-001,  Wisconsin 
Public  Service  Corporation 
CAE-21. 

Omitted 

CAE-22. 

Docket  No.  ER90-539-002,  Central  Maine 
Power  Company 
CAE-23. 

Docket  No.  ER92-113-000,  New  England 
Power  Service  Company 
CAE-24. 

Docket  No.  ER92-  86-000,  Western 
Massachusetts  Electric  Company 
CAE-25. 

Docket  Nos.  ER91-505-004  and  EL92-18- 
002,  Pacific  Gas  and  Electric  Company 
CAE-26. 

Docket  No.  EL91-44-000,  Allegheny  Electric 
Cooperative,  Inc.  v.  Niagara  Mohawk 
Power  Corporation 

Docket  No.  ER92-417-000,  Niagara 
Mohawk  Power  Corporation 
CAE-27. 

Docket  No.  EL92-1 9-000,  Public  Works 
Commission  of  the  City  of  Fayetteville, 
North  Carolina  v.  Carolina  Power  &  Light 
Company 

Consent  Oil  and  Gas  Agenda 
CAG— 1. 

Docket  No.  RP92-221-000,  Distrigas 
Corporation 
CAG— 2. 

Docket  No.  RP92-21 0-000,  Northern  Border 
Pipeline  Company 


CAG-3. 

Docket  Nos.  RP92-208-000  and  RP92-216- 
000,  Florida  Gas  Transmission  Company 
CAG— 4. 

Docket  Nos.  RP91-28-000,  et  al.,  RP91-162- 
000  and  RP92-18-000,  El  Paso  Natural 
Gas  Company 
CAG-5. 

Docket  No.  RP92-205-000,  Southern 
Natural  Gas  Company 
CAG-6. 

Omitted 

CAG-7. 

Docket  No.  TA92-2-31-005,  Arkla  Energy 
Resources,  a  Division  of  Arkla,  Inc. 

CAG— 8. 

Docket  No.  TA92- 2-31-003,  Arkla  Energy 
Resources,  a  Division  of  Arkla,  Inc. 
CAG-9. 

Docket  Nos.  RP86-41-011,  RP87-14-011  and 
RP90-22-018,  Algonquin  Gas 
Transmission  Company 
CAG-10. 

Docket  No.  RP92-190-001,  Carnegie  Natural 
Gas  Company 
C  AG-11. 

Docket  Nos.  RP88-197-O07  and  RP88-236- 
002,  Williston  Basin  Interstate  Pipeline 
Company 
C  AG-1 2. 

Docket  Nos.  RP92-1 63-001  and  RP92-170- 
001,  Williston  Basin  Interstate  Pipeline 
Company 
CAG-13. 

Docket  No.  RP92-74-003,  South  Georgia 
Natural  Gas  Company 
CAG-14. 

Docket  No.  RP91-229-008,  Panhandle 
Eastern  Pipe  Line  Company 
CAG-15. 

Omitted 
C AG-1 8. 

Docket  No.  RP86-262-020,  Panhandle 
Eastern  Pipe  Line  Company 
C  AG-1 7. 

Omitted 
CAG— 18. 

Docket  No.  TQ92-5-17-001,  Texas  Eastern 
Transmission  Corporation 
CAG-19. 

Omitted 

CAG-20. 

Docket  No.  RP89-242-006,  Tennessee  Gas 
Pipeline  Company 
C  AG-21. 

Docket  No.  RP92-115-002,  El  Paso  Natural 
Gas  Company 
C  AG-22. 

Docket  No.  RP88-44-023,  El  Paso  Natural 
Gas  Company 
CAG-23. 

Docket  No.  RP88-44-020,  El  Paso  Natural 
Gas  Company 
CAG-24. 

Docket  No.  RP92-179-002,  Florida  Gas 
Transmission  Company 
CAG-25. 

Docket  Nos.  RP89-137-000,  RP89-21 9-002, 
TM 90-1-37-002,  RP90-50-001  and  TM90- 
4-37-002,  Northwest  Pipeline 
Corporation 
CAG-26. 

Docket  No.  RM89-16-004,  Order 
Implementing  the  Natural  Gas  Wellhead 
Decontrol  Act  of  1989 
CAG- 27. 


Omitted 
CAG— 28. 

Docket  No.  RP92-1 32-000,  Tennessee  Gas 
Pipeline  Company 
CAG-29. 

Docket  No.  RP92-18-000,  El  Paso  Natural 
Gas  Company 
CAG-30. 

Docket  Nos.  RP92-137-000,  001  and  RP92- 
108-000,  Transcontinental  Gas  Pipe  Line 
Corporation 
CAG-31. 

Docket  Nos.  IS87-36-000  and  OR92-4-000, 
Endicott  Pipeline  Company 
CAG-32. 

Docket  No.  PR92-15-000,  Enogex  Inc. 
CAG-33. 

Docket  No.  PR92-4-000,  American 
Gathering,  LP. 

CAG-34. 

Docket  No.  GP92-13-000,  Colorado  Oil  and 
Gas  Conservation  Commission, 
Recompletion  Tight  Formation  Gas 
Determinations  for  Echeverria  #1, 
Scheidt-State  #1,  Dier  #1,  Devore  #1, 
Gumeson  #1,  and  Boulder  Bank  #1  Wells 
CAG-35. 

Docket  No.  RS92-9-001,  Questar  Pipeline 
Company 
CAG-36. 

Docket  Nos.  CP91-2704-002  and  RS92-93- 
000,  Blue  Lake  Gas  Storage  Company 
CAG-37. 

Docket  No.  RS92-86-000,  Transcontinental 
Gas  Pipe  Line  Corporation 
CAG-38. 

Docket  No.  89-1953-004,  ANR  Storage 
Company 
CAG-39. 

Docket  No.  RM92-13-000,  Revisions  to 
Regulations  Governing  NGPA  Section 
311  Construction  and  the  Replacement  of 
Facilities 
CAG— 40. 

Docket  No.  CP92-522-001,  Tarpon 
Transmission  Company 
CAG— 41. 

Docket  No.  CP91-2519-002,  Columbia  Gulf 
Transmission  Company  and  Arkla 
Energy  Resources,  a  Division  of  Arkla, 
Inc. 

Docket  No.  CP91-2521-002,  Tennessee  Gas 
Pipeline  Company,  Columbia  Gulf 
Transmission  Company,  Arkla  Energy 
Resources,  a  Division  of  Arkla,  Inc.,  and 
Mississippi  River  Transmission 
Corporation 
CAG-42. 

Docket  Nos.  CP90-316-002  and  CP90-317- 
002,  Empire  State  Pipeline  Company 

Docket  Nos.  CP90-854-001,  003,  CP90-920- 
002,  CP90-967-002  and  CP90-966-002, 
National  Fuel  Gas  Supply  Company 

Docket  Nos.  CP90-1989-001  and  003,  CNG 
Transmission  Company 

Docket  Nos.  CP91-724-002  and  CP91-2251- 
001,  Tennessee  Gas  Pipeline  Company 

Docket  No.  092-63-001,  Rochester  Gas 
and  Electric  Corporation 
CAG— 43. 

Docket  No.  CP91-1182-002,  National  Fuel 
Gas  Supply  Corporation 
CAG— 44. 

Docket  No.  CP91-2206-002,  Tennessee  Gas 
Pipeline  Company 
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Docket  No.  CP89-661-01B,  Algonquin  Gas 
Transmission  Company 
Docket  No.  CP92-245-001,  Iroquois  Gas 
Transmission  System,  LP. 

CAG-45. 

Docket  No.  CP90-Q59-001,  Distrigas  of 
Massachusetts  Corporation 
CAG— 46. 

Omitted 

CAG-47. 

Docket  No.  CP92-462-000,  Panhandle 
Eastern  Pipe  Line  Company 
CAG-48. 

Docket  No.  CP91-1616-000.  ANR  Pipeline 
Company 

Docket  Nos.  CP91-1634-000  and  001.  Great 
Lakes  Gas  Transmission  Limited 
Partnership 
CAG-49. 

Docket  No.  CP2-444-000,  Ozark  Gas 
Transmission  System 
CAG-50. 

Docket  No.  CP92-491-000.  CNG 
Transmission  Corporation 
CAG-51. 

Docket  No.  CP89-1024-002,  Eastern  Shore 
Natural  Gas  Company 
CAG-62. 

Docket  Nos.  CP89-7-010, 017. 020,  CP89- 
710-002  and  007,  Transcontinental  Gas 
Pipe  Line  Corporation 
CAG-63. 

Docket  Nos.  CP88-2-012  and  RP92-1-000, 
Northern  Natural  Gas  Company 
CAG-54. 

Docke.  No.  CP92-417-000,  Houston  Pipe 
Line  Company 
CAG-55. 

Docket  No.  CP92-581-000,  El  Paso  Natural 
Gas  Company 
CAG-56. 

Docket  No.  RM90-7-001,  Revisions  to 
Regulations  Governing  Transportation 
Under  Section  311  of  the  Natural  Gas 
Policy  Act  of  1978  and  Blanket 
Transportation  Certificates 
Docket  No.  GP68-11-004,  Hadson  Gas 
Systems,  Inc. 

Docket  No.  CP88-286-005,  Cascade  Natural 
Gas  Corporation  v.  Northwest  Pipeline 
Corporation,  et  al. 

Docket  Nos.  RP88-81-015,  RP88-67-048  and 
RP88-175-001,  Texas  Eastern 
Transmission  Corporation 
CAG-57. 

Docket  No.  CP89-2057-001.  TPC 
Transmission,  Inc. 


Docket  No.  CP92-3 54-000,  TPC 
Transmission.  Inc.,  TPC  Services,  Inc. 
and  Tejas  Power  Corporation 
C AG-58. 

Docket  No.  CP9 2-21 8-000,  Peoples  Natural 
Gas  Company,  Division  of  UtiliCorp 
United  Inc.  v.  Natural  Gas  Pipeline 
Company  of  America 
CAG-59. 

Docket  Nos.  CP92-397-000,  CP91 -694-004. 
CP91 -969-003  and  CP92-62-006,  CNG 
Transmission  Corporation 
CAG-60. 

Docket  No.  RS92-5-000,  Columbia  Gas 
Transmission  Corporation 
Docket  No.  RS92-6-000,  Columbia  Gulf 
Transmission  Company 
C  AG-81. 

Docket  Nos.  IS92-10-002,  IS92-11-002. 
IS92-1 2-002,  IS92-13-002,  IS92-14-002, 
IS92-1 5-002  and  IS92-1 6-002,  Amerada 
Hess  Pipeline  Corporation,  et  al. 

Docket  Nos.  IS92-29-001,  IS92-30-001, 
IS92-31-001,  IS92-32-001,  IS92-33-001. 
IS92-34-001  and  IS92-35-0C1.  Amerada 
Hess  Pipeline  Corporation,  et  al. 

Hydro  Agenda 
H-l. 

Reserved 
Electric  Agenda 

E-l. 

Reserved 

Miscellaneous  Agenda 
M-l. 

Docket  No.  RM 91-12-000,  Administrative 
Dispute  Resolution.  Notice  of  Proposed 
Rulemaking 
M-2. 

Docket  No.  PL92-1-000,  Incentive 
Ratemaking  for  Interstate  Natural  Gas 
Pipelines,  Oil  Pipelines  and  Electric 
Utilities.  Statement  of  Policy 

Oil  and  Gas  Agenda 

I.  Pipeline  Rate  Matters 
PR-1. 

Docket  Nos.  OR87-1-000.  OR87-2-000, 
OR87-3-000,  OR87-4-000,  OR87-5-000, 
OR87-8-000,  OR87-6-000  and  OR85-2- 
000,  Oxy  Pipeline,  Inc.,  Cxy  Offshore 
Systems  Inc.  and  Samedan  Pipe  Line 
Corporation.  Declaratory  order 
PR-2. 

Docket  No.  OR92-7-000,  Bonito  Pipe  Line 
Company.  Declaratory  order 


II.  Restructuring  Matters 
RS-1. 

Reserved 

III.  Pipeline  Certificate  Matters 
PC-1. 

Docket  No.  CP90-1391-001.  Arcadian 
Corporation  v.  Southern  Natural  Gas 
Company.  Order  on  rehearing 
PC-2. 

Omitted 

Dated:  September  9, 1992. 

Lois  D.  Cashed. 

Secretary. 

(FR  Doc.  92-22279  Filed  9-10-02:  3:12  pm] 
BILLING  CODE  *717-01-41 


EQUAL  EMPLOYMENT  OPPORTUNITY 
COMMISSION 

DATE  AND  TIME:  2:00  p.m.  (Eastern  Time] 
Monday,  September  21, 1992. 

PLACE:  Conference  Room  on  the  Ninth 
Floor  of  the  EEOC  Office  Building,  1801 
*'L”  Street  N.W.,  Washington,  D.C. 
20507. 

STATUS:  The  Meeting  will  be  Open  to 
the  Public. 

MATTERS  TO  BE  CONSIDERED: 

OPEN  SESSION: 

1.  Announcement  of  Notation  Vote(s). 

2.  A  Report  on  Commission  Operations — 
FY  1993  Budget 

Note:  Any  matter  not  discussed  or 
concluded  may  be  carried  over  to  a  later 
meeting.  (In  addition  to  publishing  notices  on 
EEOC  Commission  meetings  in  the  Federal 
Register,  the  Commission  also  provides  a 
recorded  announcement  a  full  week  in 
advance  on  future  Commission  sessions. 
Please  telephone  (202)  663-7100  (voice)  and 
(202)  863-4494  (TTD)  at  any  time  for 
information  on  these  meetings.)- 

CONTACT  PERSON  FOR  MORE 
information:  Frances  M.  Hart, 
Executive  Officer  on  (202)  663-7100. 

Dated:  September  10, 1992. 

Frances  M.  Hart, 

Executive  Officer.  Executive  Secretariat. 

(FR  Doc.  92-22310  Filed  9-10-92;  4:01  pm] 
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This  section  of  the  FEDERAL  REGISTER 
contains  editorial  corrections  of  previously 
published  Presidential,  Rule,  Proposed 
Rule,  and  Notice  documents.  These 
corrections  are  prepared  by  the  Office  of 
the  Federal  Register.  Agency  prepared 
corrections  are  issued  as  signed 
documents  and  appear  in  the  appropriate 
document  categories  elsewhere  in  the 
issue. 


DEPARTMENT  OF  ENERGY 
48  CFR  Part  923 

Acquisition  Regulation 

Correction 

In  rule  document  92-17070  beginning 
on  page  32673  in  the  issue  of 
Wednesday,  July  22, 1992,  make  the 
following  correction: 

923.570-1  [Corrected! 

1.  On  page  32676,  in  the  first  column: 

a.  In  section  923.570-l(a),  in  the  fifth 
line,  “site"  should  read  "sites”. 

b.  In  section  923.570—1  (a)(iii),  in  the 
first  line,  “Transportation”  should  be 
lowercased. 

BILLING  CODE  1505-01-0 


DEPARTMENT  OF  ENERGY 

Federal  Energy  Regulatory 
Commission 


Tuesday,  August  25, 1992,  the  Docket 
No.  should  read  as  set  forth  above. 

BILUNG  CODE  1505-01-0 


[Docket  Nos.  ER92-763-000,  et  aL] 

Southern  California  Edison  Co.,  et  aL; 
Electric  Rate,  Small  Power  Production, 
and  interlocking  Directorate  Filings 

Correction 

In  notice  document  92-20262 
beginning  on  page  38495  in  the  issue  of 
Tuesday,  August  25, 1992,  on  page  38496, 
in  the  third  column,  under  11,  "[Docket 
No.  ER92-5172-000]”  should  read 
"[Docket  No.  EF92-5172-000]”. 

BILUNG  CODE  1505-01-0 


DEPARTMENT  OF  ENERGY 

Federal  Energy  Regulatory 
Commission 

[Docket  No.  FA88-62-000] 

Wisconsin  Electric  Power  Co.;  Order 
Expanding  the  Scope  of  Hearing  To 
Include  Prudence  Issue 


DEPARTMENT  OF  TRANSPORTATION 
Federal  Aviation  Administration 
14  CFR  Part  61 

[Docket  No.  26927;  Notice  No.  92-8] 

RIN  2120-AE11 

Amendment  of  the  Annual  and  Biennial 
Flight  Review  Requirements 

Correction 

In  proposed  rule  document  92-17272 
beginning  on  page  32680  in  the  issue  of 
Wednesday,  July  22, 1992,  on  page 
32680,  in  the  first  column,  under 
SUMMARY,  in  the  eighth  line, 
"instrumentation"  should  read 
“instruction”. 

BILUNG  CODE  1505-01-0 


In  notice  document  92-20337 
beginning  on  page  38499  in  the  issue  of 


Monday 

September  14,  1992 


Part  II 


Department  of  Labor 

Occupational  Safety  and  Health 
Administration 


29  CFR  Part  1910,  et  al. 

Occupational  Exposure  to  Cadmium;  Final 
Rules 
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DEPARTMENT  OF  LABOR 

Occupational  Safety  and  Health 
Administration 

29  CFR  Parts  1910, 1915  and  1926 

[Docket  No.  H-057a] 

RIN  1218-AB16 

Occupational  Exposure  to  Cadmium 

agency:  Occupational  Safety  and 
Health  Administration  (OSHA), 
Department  of  Labor. 

ACTION:  Final  rules. 


SUMMARY:  The  Occupational  Safety  and 
Health  Administration  (OSHA)  hereby 
publishes  a  new  standard  for 
occupational  exposure  to  cadmium, 
applicable  to  general  industry  and 
agriculture  and  maritime.  A  separate 
standard  regulating  exposure  to 
cadmium  in  the  construction  industry 
was  also  developed,  because  the 
differences  in  job  duration,  exposure 
and  worksite  conditions  warrant  unique 
treatment.  OSHA  is  publishing  the 
construction  standard  at  29  CFR  1926.63. 

The  basis  of  this  regulation  is  a 
determination  by  the  Assistant 
Secretary  that  employees  exposed  to 
cadmium  face  a  significant  risk  to  their 
health  from  lung  cancer  and  serious 
kidney  damage  at  the  current 
permissible  exposure  limits  and  that 
promulgating  this  standard  will 
substantially  reduce  that  risk.  The 
information  gathered  during  the 
rulemaking  demonstrates  that 
employees  chronically  exposed  to  levels 
of  cadmium  well  below  existing 
permissible  exposure  limits  are  at 
increased  risk  of  developing  kidney 
dysfunction  and  cancer. 

The  new  standard  establishes  a  single 
8-hour  time  weighted  average 
permissible  exposure  limit  (TWA  PEL) 
of  5  micrograms  of  cadmium  per  cubic 
meter  (pg/m3)  of  air  for  all  cadmium 
compounds,  including  dust  and  fumes. 
Employers  are  required  to  comply  with 
this  limit  primarily  by  means  of 
engineering  and  work  practice  controls. 
For  a  small  number  of  industries,  OSHA 
has  also  established  a  separate 
engineering  control  air  limit  (SECAL)  of 
25  pg/m3  as  the  lowest  feasible  level 
above  the  PEL  that  can  be  achieved  by 
engineering  and  work  practice  controls. 
Like  the  PEL  for  other  industries,  the 
SECAL,  where  applicable,  must  be 
achieved  by  engineering  and  work 
practice  controls  except  to  the  extent 
that  the  employer  can  demonstrate  that 
such  controls  are  not  feasible. 


EFFECTIVE  DATE:  The  new  standards 
published  today  take  effect  December 
14, 1992. 

ADDRESSES:  For  additional  copies  of 
these  final  standards,  contact:  Q6HA 
Office  of  Publications,  room  S-4203,  US. 
Department  of  Labor,  200  Constitution 
Avenue  NW„  Washington,  DC  20210k. 
Telephone  202-523-8151. 

FOR  FURTHER  INFORMATION  CONTACT: 

Mr.  James  F.  Foster,  Director,  Office  of 
Information  and  Consumer  Affairs, 
OSHA,  U.S.  Department  of  Labor,  room 
N-3647,  200  Constitution  Avenue  NW„ 
Washington,  DC  20210.  Telephone  (202) 
523-8151. 

SUPPLEMENTARY  INFORMATION: 

Table  of  Contents 

I.  Introduction 

II.  Pertinent  Legal  Authority 

III.  Regulatory  History 

IV.  Chemical  Identification,  Production,  and 
'Use  of  Cadmium 

V.  Health  Effects 

VI.  Quantitative  Risk  Assessment 

VII.  Significance  of  Risk 

VIII.  Regulatory  Impact  Analysis 

IX.  Summary  and  Explanation  of  the  Final 

Standard  (General  industries,  agriculture, 
and  maritime)  (Construction  industry) 

X.  Authority  and  Signature 

XI.  Final  Standard  (General  industries, 

agriculture,  and  maritime)  (Construction 
industry) 

References  to  the  rulemaking  record 
are  in  this  text,  and  the  following 
abbreviations  have  been  used:  1.  Ex.: 
Exhibit  with  accompanying  number  in 
Docket  H-057a,  which  is  located  in  room 
N-2625  at  the  Department  of  Labor.  2. 

Tr.:  Transcript  with  accompanying  date 
and  page  number. 

I.  Introduction 

A.  General 

The  preamble  to  this  standard  on 
occupational  exposure  to  cadmium 
discusses  the  events  that  led  to  the 
development  of  the  proposal,  cadmium’s 
physical  properties,  manufacture  and 
use,  the  health  effects  associated  with 
exposure  to  cadmium,  and  the  degree 
and  the  significance  of  the  risk.  In 
addition,  an  analysis  of  the  regulatory 
impact  and  technological  and  economic 
feasibility  of  the  proposed  standard  and 
the  rationale  behind  the  specific 
provisions  set  forth  in  the  regulatory 
text  are  also  presented. 

OSHA  is  acting  to  regulate  a  hazard 
widely  recognized  by  other  Federal 
agencies,  health  experts,  and  the  general 
public.  These  standards  will  be  codified 
at  29  CFR  1910.1027  fpr  general  industry 
and  at  29  CFR  1926.63  for  the 
construction  industry.  Pursuant  to 
sections  4(b)(2),  6(b),  8(c)  and  8(gJ  of  the 
Occupational  Safety  and  Health  Act  of 


1970  (the  Act)  (84  Stat.  1592, 1593, 1596, 
1599:  29  U.S.C.  653,  655,  657),  the 
Construction  Safety  Act  (40  U.S.C.  333), 
the  Longshore  and  Harbor  Workers’ 
Compensation  Act  (33  U.S.C.  941),  the 
Secretary  of  Labor’s  Order  No.  1-90  (55 
FR  9033),  and  29  CFR  part  1911,  these 
final  standards  hereby  amend  and 
revise  the  current  cadmium  standards. 

This  action  follows  publication  of  a 
proposed  rule  on  February  6, 1990  (55  FR 
4052)  and  holding  of  public  hearings 
from  June  5-13, 1990  in  Washington,  DC 
and  July  17-19, 1990  in  Denver,  Colorado 
to  provide  the  public  with  an 
opportunity  to  comment  on  OSHA’s 
proposed  rule  on  cadmium. 
Approximately  2000  pages  of  testimony 
and  100  comments  were  received  into 
the  record  of  this  rulemaking  and  have 
been  analyzed  by  the  Agency  in  creating 
this  final  standard. 

R  Construction 

OSHA  has  decided  to  issue  two 
separate  standards  regulating 
occupational  exposure  to  cadmium;  one 
that  applies  to  workplaces  in  general 
industry  and  agricultural  and  maritime 
industries,  and  another  covering 
construction  worksites.  By  doing  so, 
OSHA  is  acting  in  accordance  with  the 
recommendations  of  the  Advisory 
Committee  for  Construction  Safety  and 
Health  (ACCSHJ,  which  has  reviewed 
and  commented  on  the  proposal  and  has 
submitted  changes  in  that  proposal  to 
the  record  of  the  rulemaking. 

Additional  reasons  that  support  a 
separate  standard  for  construction  can 
be  summarized  briefly  as  follows: 

fl)  The  construction  industry  is 
characterized  by  nonfixed  worksites 
that  are  temporary  in  nature  and  differ 
from  those  in  general  industry  in  regard 
to  the  need  for  a  designated  competent 
person  as  well  as  significant  differences 
between  workplaces  in  terms  of  site 
conditions,  size  and  scope  of  tasks, 
methods  of  operation,  and 
environmental  conditions. 

(2)  Employees  in  the  construction 
industry  often  do  not  remain  in 
construction  or  in  the  employ  of  the 
same  employer  for  a  long  period  of  time, 
in  contrast  to  employees  in  fixed-site 
manufacturing  facilities. 

(3)  The  special  characteristics  of 
construction  operations  made  it 
necessary  to  tailor  some  of  the 
requirements  traditionally  included  in 
OSHA  health  standards  to  the  specific 
needs  of  the  construction  industry. 

OSHA  has  tailored  the  requirements 
of  the  final  construction  standard  to 
reflect  differences  in  operations  of 
various  types  within  the  construction 
industry  itself.  In  recognition  of  this 
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wide  diversity  in  construction  projects, 
the  Agency  has  specifically  identified  in 
the  final  rule  those  additional 
requirements  that  apply  to  such 
construction  operations.  The  record 
demonstrates,  with  a  few  exceptions, 
the  generally  low  exposures  and  well- 
controlled  conditions  prevailing  in 
construction  operations  involving  the 
use  of  cadmium. 

II.  Pertinent  Legal  Authority 

A.  Purpose 

The  primary  purpose  of  the 
Occupational  Safety  and  Health  Act  (the 
Act)  (29  U.S.C.  655  et  seq.)  is  to  assure, 
so  far  as  possible,  safe  and  healthful 
working  conditions  for  every  American 
worker  over  the  period  of  his  or  her 
working  lifetime.  One  means  prescribed 
by  the  Congress  to  achieve  this  goal  is 
the  mandate  given  to,  and  the 
concomitant  authority  vested  in,  the 
Secretary  of  Labor  to  set  mandatory 
safety  and  health  standards.  The 
Congress  specifically  mandated  that: 

The  Secretary,  in  promulgating  standards 
dealing  with  toxic  materials  or  harmful 
physical  agents  under  this  subsection  shall 
set  the  standard  which  most  adequately 
assures,  to  the  extent  feasible,  on  the  basis  of 
the  best  available  evidence,  that  no  employee 
will  suffer  material  impairment  of  health  or 
functional  capacity  even  if  such  employee 
has  regular  exposure  to  the  hazard  dealt  with 
by  such  standard  for  the  period  of  his 
working  life.  Development  of  standards  under 
this  subsection  shall  be  based  upon  research, 
demonstrations,  experiments,  and  such  other 
information  as  may  be  appropriate  *  *  *.  In 
addition  to  the  attainment  of  the  highest 
degree  of  health  and  safety  protection  for  the 
employee,  other  considerations  shall  be  the 
latest  available  scientific  data  in  the  field,  the 
feasibility  of  the  standards,  and  experience 
gained  under  this  and  other  health  and  safety 
laws.  Whenever  practicable,  the  standard 
promulgated  shall  be  expressed  in  terms  of 
objective  criteria  and  of  the  performance 
desired  [section  6(b)(5)). 

B.  Action  Needed 

The  issuance  of  this  final  standard  is 
authorized  by  sections  6(b),  8(c),  and 
8(g)(2)  of  the  Occupational  Safety  and 
Health  Act  of  1970  (the  Act),  (84  Stat. 
1593:  29  U.S.C.  655(b),  657(g)(2)).  Section 
6(b)(5)  governs  the  issuance  of 
occupational  safety  and  health 
standards  dealing  with  toxic  materials 
or  harmful  physical  agents.  Section  3(8) 
defines  an  occupational  safety  and 
health  standard  as: 

*  *  *  A  standard  which  requires  conditions, 
or  the  adoption  or  use  of  one  or  more 
practices,  means,  methods,  operations,  or 
processes,  reasonably  necessary  or 
appropriate  to  provide  safe  or  healthful 
employment  and  places  of  employment. 


The  Supreme  Court  has  held  that 
under  the  Act  the  Secretary,  before 
issuing  any  new  standard,  must 
determine  that  it  is  reasonably 
necessary  and  appropriate  to  remedy  a 
significant  risk  of  material  health 
impairment.  Industrial  Union 
Department  v.  American  Petroleum 
Institute,  448  U.S.  607  (1980).  The  court 
stated  that  “before  he  can  promulgate 
any  permanent  health  or  safety 
standard,  the  Secretary  is  required  to 
make  a  threshold  finding  that  a  place  of 
employment  is  unsafe  in  the  sense  that 
significant  risks  are  present  and  can  be 
eliminated  or  lessened  by  a  change  in 
practices”  (488  U.S.  at  642).  The  Court 
also  stated  “that  the  Act  does  limit  the 
Secretary’s  power  to  requiring  the 
elimination  of  significant  risks"  (448  U.S. 
at  644,  n.  49). 

The  court  indicated,  however,  that  the 
significant  risk  determination  is  “not  a 
mathematical  straitjacket,”  and  that 
“OSHA  is  not  required  to  support  its 
finding  that  a  significant  risk  exists  with 
anything  approaching  scientific 
certainty."  The  court  ruled  that  "a 
reviewing  court  (is)  to  give  OSHA  some 
leeway  where  its  findings  must  be  made 
on  the  frontiers  of  scientific  knowledge 
*  *  *  [and  that]  the  Agency  is  free  to 
use  conservative  assumptions  in 
interpreting  the  data  with  respect  to 
carcinogens,  risking  error  on  the  side  of 
overprotection  rather  than 
underprotection"  (448  U.S.  at  655,  656). 
The  court  also  stated  that  “while  that 
Agency  must  support  its  finding  that  a 
certain  level  of  risk  exists  with 
substantial  evidence,  we  recognize  that 
its  determination  that  a  particular  level 
of  risk  is  ‘significant’  will  be  based 
largely  on  policy  considerations.”  (448 
U.S.  at  655,  656,  n.  82). 

After  OSHA  has  determined  that  a 
significant  risk  exists  and  that  such  risk 
can  be  reduced  by  the  proposed 
standard,  it  must  set  a  standard  “which 
most  adequately  assures,  to  the  extent 
feasible  on  the  basis  of  the  best 
available  evidence,  that  no  employee 
will  suffer  material  impairment  of 
health"  (section  6(b)(5)  of  the  Act).  The 
Supreme  Court  has  interpreted  this 
section  to  mean  that  OSHA  must  enact 
the  most  protective  standard  possible  to 
eliminate  a  significant  risk  of  material 
health  impairment,  subject  to  the 
constraints  of  technological  and 
economic  feasibility.  American  Textile 
Manufacturers  Institute,  Inc.  v. 
Donovan,  452  U.S.  490  (1981).  The  court 
held  that  “cost-benefit  analysis  is  not 
required  by  the  statute  because 
feasibility  analysis  is."  (452  U.S.  at  509). 
The  Court  stated  that  the  Agency  could 
use  cost-effective  analysis  and  choose 


the  least  costly  of  two  equally  effective 
standards.  (452  U.S.  531,  n.  32). 

C.  Regulation 

Authority  to  issue  this  proposed 
standard  is  also  found  in  section  8(C) 
and  (g)  of  the  Act.  Section  8(c)(3)  gives 
the  Secretary  authority  to  require 
employers  to  “maintain  accurate  records 
of  employee  exposures  to  potentially 
toxic  materials  or  harmful  physical 
agents  which  are  required  to  be 
monitored  or  measured  under  section  6." 
Section  8(g)(2)  gives  the  Secretary 
authority  to  “prescribe  such  rules  and 
regulations  as  he  may  deem  necessary 
to  carry  out  *  *  *  [his]  responsibilities 
under  this  Act." 

In  addition,  the  Secretary’s 
responsibilities  under  the  Act  are 
amplified  by  its  enumerated  purposes, 
which  include: 

*  *  *  Encouraging  employers  and  employees 
in  their  efforts  to  reduce  die  number  of 
occupational  safety  and  health  hazards  at 
their  places  of  employment,  and  to  stimulate 
employers  and  employees  to  institute  new 
and  to  perfect  existing  programs  for  providing 
safe  and  healthful  working  conditions;  *  *  * 

Authorizing  the  Secretary  of  Labor  to  set 
mandatory  occupational  safety  and  health 
standards  applicable  to  business  affecting 
interstate  commerce  *  *  *. 

Building  upon  advances  already  made 
through  employer  and  employee  initiative  for 
providing  safe  and  healthful  working 
conditions;  *  *  * 

Providing  for  the  development  and 
promulgation  of  occupational  safety  and 
health  standards:  *  *  * 

Providing  for  appropriate  reporting 
procedures  with  respect  to  occupational 
safety  and  health  which  procedures  will  help 
achieve  the  objectives  of  the  Act  and 
accurately  describe  the  nature  of  the 
occupational  safety  and  health  problem: 

Exploring  ways  to  discover  latent  diseases; 

Establishing  causal  connections  between 
diseases  and  work  in  environmental 
conditions  *  * 

Encouraging  joint  labor — management 
efforts  to  reduce  injuries  and  disease  arising 
out  of  employment  *  *  * 

And  *  *  *  developing  innovative  methods, 
techniques,  and  approaches  for  dealing  with 
occupational  safety  and  health  problems 

Because  the  final  cadmium  standard 
is  reasonably  related  to  these  statutory 
goals  and  because  the  Agency’s 
judgment  is  that  the  evidence  satisfies 
the  statutory  requirements  and  that  the 
final  standard  is  feasible  and 
substantially  reduces  a  significant  risk 
of  cancer  and  other  adverse  health 
effects,  the  Secretary  finds  that  this 
standard  is  necessary  and  appropriate 
to  carry  out  her  responsibilities  under 
the  Act. 
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D.  Information  Collection  Requirements: 

5  CFR  Part  1320  sets  forth  procedures 
for  agencies  to  follow  in  obtaining  OMB 
clearance  for  information  collection 
requirements  under  the  Paperwork 
Reduction  Act  of  1980, 44  U.S.C.  3501  et 
seq.  The  final  cadmium  standard 
requires  the  employer  to  allow  OS  HA 
access  to  various  records  including  the 
employers’  compliance  and  training 
plans;  and  the  employees’  exposure 
monitoring,  medical  and  training 
records.  In  accordance  with  the 
provisions  of  the  Paperwork  Reduction 
Act  and  the  regulations  issued  pursuant 
thereto,  OSHA  certifies  that  it  has 
submitted  the  information  collection 
requirements  of  this  standard  to  OMB 
for  review  under  section  3504(h)  of  that 
Act. 

Public  reporting  burden  for  this 
collection  of  information  is  estimated  to 
average  5  minutes  to  allow  OSHA 
compliance  officers  access  to  the 
employer’s  records.  Send  comments 
regarding  this  burden  estimate,  or  any 
other  aspect  of  this  collection  of 
information,  including  suggestions  for 
reducing  this  burden,  to  the  Office  of 
Information  Management.  Department 
of  Labor,  room  N-1301,  200  Constitution 
Avenue  NW„  Washington,  DC,  20210; 
and  to  the  Office  of  Management  and 
Budget,  Paperwork  Reduction  Project 
(Cadmium  Standard),  Washington,  DC, 
20503. 

E.  Federalism 

This  final  standard  has  been  reviewed 
in  accordance  with  Executive  Order 
12612,  52  FR  41685  (October  30, 1987), 
regarding  Federalism.  This  Order 
requires  that  agencies,  to  the  extent 
possible,  refrain  from  limiting  State 
policy  options,  consult  with  States  prior 
to  taking  any  actions  that  would  restrict 
State  policy  options,  and  take  such 
actions  only  when  there  is  clear 
constitutional  authority  and  the 
presence  of  a  problem  of  national  scope. 
The  Order  provides  for  preemption  of 
State  law  only  if  there  is  a  clear 
Congressional  intent  for  the  agency  to 
do  so.  Any  such  preemption  is  to  be 
limited  to  the  extent  possible. 

Section  18  of  the  Occupational  Safety 
and  Health  Act  [OSH  Act),  expresses 
Congress’  dear  intent  to  preempt  State 
laws  with  respect  to  which  Federal 
OSHA  has  promulgated  occupational 
safety  or  health  standards.  Under  the 
OSH  Act,  a  State  can  avoid  preemption 
only  if  it  submits  and  obtains  Federal 
approval  of  a  plan  for  the  development 
of  comparable  State  standards  and  their 
enforcement.  Occupational  safety  and 
heahh  standards  developed  by  such 
Plan  States  must,  among  other  things,  be 


at  least  as  effective  as  die  Federal 
standards  in  providing  safe  and 
healthful  employment  and  places  of 
employment. 

Those  States  which  have  elected  to 
participate  under  Section  18  of  the  OSH 
Act  would  not  be  preempted  by  this 
regulation  and  would  be  able  to  deal 
with  special,  local  conditions  within  the 
framework  provided  by  this 
performance-oriented  standard  while 
ensuring  that  their  standards  are  at  least 
as  effective  as  the  Federal  standard. 

F.  State  Plans 

The  25  states  and  territories  with  then 
own  OSHA-approved  occupational 
safety  and  health  plans  must  revise  their 
existing  standards  within  six  months  of 
the  publication  date  of  this  final 
standard.  These  states  or  territories  are: 
Alaska,  Arizona,  California, 

Connecticut,  Hawaii,  Indiana,  Iowa, 
Kentucky,  Maryland,  Michigan, 
Minnesota,  Nevada,  New  Mexico,  New 
York,  North  Carolina,  Oregon,  Puerto 
Rico,  South  Carolina,  Tennessee,  Utah, 
Vermont,  Virginia,  Virgin  Islands, 
Washington,  and  Wyoming.  (In 
Connecticut  and  New  York,  the  plan 
covers  only  State  and  local  government 
empleyeea)  Until  such  time  as  a  state 
standard  is  promulgated,  Federal  OSHA 
will  provide  interim  enforcement 
assistance,  as  appropriate. 

III.  Regulatory  History 

A.  OSHA's Existing PELs 

OSHA' a  existing  permissible  exposure 
limits  for  cadmium  were  originally 
developed  by  the  American  National 
Standards  Institute.  In  1941  the 
American  Standards  Association  (now 
American  National  Standards  Institute, 
or  ANSI)  set  as  guidelines  an  American 
Defense  Emergency  Standard  of  1000 
pg/m3  for  cadmium  and  its  compounds. 
This  was  done  to  reduce  discomfort 
from  exposures  to  cadmium  and  to 
reduce  die  incidence  of  acute  health 
effects.  ANSI  revised  its  standard  to 
current  levels  (ANSI  Z37.5, 1970)  which 
OSHA  adopted  in  1971  as  a  national 
consensus  standard  under  section  6(a) 
of  the  Occupational  Safety  and  Health 
Act  of  1970  (29  U.S.C.  655).  These  PELs, 
as  specified  in  29  CFR  1910.1000,  Table 
Z-2  are  an  8-hour  time-weighted 
average  (TWA  PEL)  of  100  pg/m3  for 
cadmium  fume  with  a  ceiling 
concentration  of  300  ug/m3  and  an  8- 
hour  TWA  of  200  fig/m3  for  cadmium 
dust  with  a  ceiling  concentration  of  600 
pg/m3.  OSHA's  existing  PEL  in  the 
construction  industry  is  100  pg/m3  lev 
cadmium  oxide  fumes  and  £)0  pg/m3  for 
metal  dust  and  soluble  salts  (29  CFR 
1926,55). 


B.  Other  Agency  Findings 

In  preparing  this  document,  OSHA 
reviewed  the  existing  regulations  for 
occupational  exposures  in  other 
countries  worldwide.  The  range  of 
existing  PELs  runs  from  the  ban  of  aH 
non-essential  uses  of  cadmium  in 
Sweden  to  OSHA’s  existing  TWA  PEL 
of  200  pg/m3  for  cadmium  dust. 

Sweden  also  established  a  PEL  of  20 
pg/m3  for  all  existing  uses  of  cadmium 
along  with  a  PEL  of  10  pg/m3  for  all  new 
workplaces.  Australia  has  a  PEL  of  50 
pg/m3  for  both  dust  and  fume  but  is 
presently  proposing  a  level  of  10  pg/m3. 
China  and  the  former  USSR  follow  a 
PEL  of  10  pg/m3.  Finland  established  a 
fume  PEL  of  10  pg/m3  and  dust  PEL  of  20 
pg/m3,  white  France  allows  cadmium 
oxide  dust  to  be  50  pg/m3.  Japan's  PEL 
is  set  at  50  fig/ m3.  The  regulations  in  the 
United  Kingdom  are  under  review,  but 
the  current  allowable  exposure  level  is 
50  pg/m3  except  for  the  respirable 
cadmium  sulfide  level  which  is  set  at  40 
pg/m3  (Ex.  H 40-50). 

The  German  government  bans  the  use 
of  cadmium  chloride  and  has  also  been 
intent  on  changing  its  cadmium 
exposure  levels  for  all  other  cadmium 
compounds  based  on  the  MAK 
carcinogenic  classification  “A2*'  which 
defines  cadmium  as  “unmistakably 
carcinogenic  in  experimental  animals 
only”  (ACQH  documentation  of  TLV, 
1991). 

Agencies  and  institutions  other  than 
OSHA  have  revised  their  air  quality 
standards  for  cadmium.  In  1976,  the 
National  Institute  for  Occupational 
Safety  and  Health  (NIOSH) 
recommended  that  exposures  to  any 
form  of  cadmium  should  not  exceed  a 
concentration  greater  than  40  pg/m3  as  a 
10-hour  TWA  or  a  concentration  greater 
than  200  pg/m3  for  any  15-minute 
period.  This  recommended  limit  was 
intended  to  protect  against  renal 
damage  and  pulmonary  disease.  In  1984, 
NIOSH  issued  a  Current  Intelligence 
Bulletin  (CIB),  which  recommended  that 
cadmium  and  its  compounds  be 
regarded  as  potential  occupational 
carcinogens  based  on  evidence  of  lung 
cancer  in  workers  exposed  to  cadmium 
in  a  smelter  and  that  exposures  should 
be  reduced  to  the  lowest  possible  level. 

The  Environmental  Protection  Agency 
(EPA)  issued  a  Health  Assessment 
Document  (HAD)  for  cadmium  in  1961 
which  presented  the  health  effects  and 
potential  risk  to  human  health 
associated  with  environmental  exposure 
to  cadmium.  An  update  of  the  HAD  in 
1985  concluded  that  the  epidemiologic 
evidence  is  suggestive  of  a  significant 
risk  of  lung  cancer  from  exposure  to 
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cadmium.  According  to  the  EPA’s  1984 
Proposed  Guidelines  for  Carcinogenic 
Risk  Assessment,  cadmium  is  classified 
as  a  Croup  Bl  substance  and  is  thus 
considered  to  be  a  "probable"  human 
carcinogen  (Ex.  4-04). 

In  1987,  the  International  Agency  for 
Research  on  Cancer  (IARC)  of  the 
World  Health  Organization  (WHO) 
summarized  the  results  from  tests  for 
genetic  and  related  effects  of  a  large 
number  of  compounds  thought  to  be 
potentially  carcinogenic.  The  IARC 
working  group  of  experts  evaluated 
these  data  as  well  as  epidemiologic  and 
animal  studies  and  concluded  that 
cadmium  and  cadmium  compounds 
should  be  classified  in  Group  2A — 
"probably  carcinogenic  to  humans"  (Ex. 
8-681).  Since  1946,  the  American 
Conference  of  Governmental  Industrial 
Hygienists  (ACGIH)  has  recommended 
that  exposures  to  cadmium  be 
controlled.  In  1946,  ACGIH 
recommended  a  Maximum  Allowable 
Concentration  (MAC)  of  100  pg/m3  for 
cadmium.  After  1948,  the  MAC  was 
called  the  Threshold  Limit  Value  (TLV). 
In  1956,  a  TLV  of  1Q0  pg/m3  was 
assigned  to  cadmium  oxide  fume.  In 
1965,  a  value  of  200  pg/m3  for  cadmium 
(metal  dusts  and  soluble  salts)  was 
proposed;  it  was  adopted  as  a 
recommended  value  in  1967.  In  1970,  the 
ACGIH  TLV  of  200  pg/m3  for  cadmium 
dust  and  salts  remained  unchanged,  but 
the  TLV  for  cadmium  fume  was  changed 
to  a  ceiling.  In  1973,  the  ACGIH 
announced  its  intent  to  change  the  TLV 
for  cadmium  fume  to  50  pg/m3  and  in 
1974  announced  its  intent  to  extend  this 
TLV  to  cadmium  dusts  and  salts.  A  note 
was  added  in  1975  indicating  that 
cadmium  oxide  production  involved 
carcinogenic  or  co-carcinogenic 
potential. 

Recently,  the  ACGIH  has 
recommended  further  changes  in  air 
quality  standards  for  cadmium.  They 
have  classified  cadmium  as  a  potential 
human  carcinogen  and  published  a 
Notice  of  Intent  to  lower  the  TLV  to  10 
pg/m3  for  total  dust  and  2  pg/m*  for 
respirable  dust  to  protect  workers  from 
lung  cancer  and  renal  dysfunction. 
ACGIH  justified  this  latest  change  in 
part  by  noting; 

In  consideration  of  the  strength  of  the 
white  rat  inhalation  studies  and  with  some 
additional  support  from  the  retrospective 
human  mortality  study  by  Thun  et  ai.,  an  Ai 
designation  as  an  industrial  substance  of 
carcinogenic  potential  for  man  is  given  to 
cadmium  and  its  compounds  (Ex.  8-664). 

The  Mine  Safety  and  Health 
Administration  (MSHA)  publishes  air 
quality  standards  which  include 
cadmium.  MSHA  frequently 


incorporates,  by  reference,  the  ACGIH 
TLVs  as  permissible  exposure  levels. 
Currently,  MSHA  is  in  the  process  of 
updating  its  PELs  to  take  account  of 
proposed  ACGIH  changes  in  the  TLVs. 
MSHA  published  a  notice  of  proposed 
rulemaking  [NPRM,  8/29/89)  proposing 
alternative  TWA  PELs  of  10  pg/m3  and  5 
pg/m3  for  cadmium.  The  record  for  this 
notice  closed  on  August  30, 1991  and 
internal  review  is  now  underway  with 
an  anticipated  final  standard 
publication  date  of  February  1993. 

Since  1987,  the  National  Center  for 
Health  Statistics  (NCHS),  Department  of 
Health  and  Human  Services,  Center  for 
Disease  Control,  has  included  cadmium- 
in-urine  measurements  in  its  current 
third  National  Health  and  Nutrition 
Examination  Survey  (NHANES  III).  This 
survey,  originally  started  in  1974, 
provides  national  estimates  of 
diagnosed  and  undiagnosed  medical 
conditions,  as  well  as  information  on 
normal  and  abnormal  conditions  in  the 
general  population  of  the  U.S.  Such 
information  is  used  by  government 
agencies  to  obtain  a  more  complete 
picture  of  national  health  and  medical 
needs  (Ex.  8-679).  OSHA  considers  the 
inclusion  of  cadmium  by  NCHS  to 
indicate  a  high  level  of  concern 
regarding  cadmium-related  health 
effects  among  the  general  population  of 
the  United  States.  This  emphasizes  the 
importance  of  promulgating  a  final 
cadmium  standard  since  general 
cadmium  exposures  among  the  U.S. 
population  are  much  lower  than 
cadmium  exposures  among  most 
occupational  groups. 

C.  Unified  PEL 

In  keeping  with  the  recommendations 
of  other  agencies  like  NIOSH,  EPA  and 
the  ACGIH,  this  standard  does  not 
differentiate  between  exposure  to 
cadmium  fumes  or  dust.  Since  the  early 
1940’s,  acute  inhalation  of  cadmium 
fumes  from  soldering  or  welding  was 
known  to  cause  severe  health  effects 
such  as  chemical  pneumonitis  and  death 
(Ex.  8-678).  These  properties  led 
researchers  to  readily  accept  the 
possibility  of  adverse  health  effects 
associated  with  exposure  to  fumes.  It  is 
now  generally  accepted  that 
overexposures  to  cadmium  in  any  form 
results  in  the  same  final  chronic 
endpoints  of  cancer  and  kidney 
dysfunction  (Exs.  4-27,  4-28,  4-68,  and 
4-19).  By  1970,  when  ANSI  republished 
their  original  guidelines,  it 
acknowledged  that  exposures  to 
cadmium  fumes  or  dusts  cause 
irreversible  lung  damage,  proteinuria, 
and  kidney  damage.  In  the  mid-1970's 
the  ACGIH  announced  an  intent  to 
change  the  TLV  for  all  forms  of 


cadmium  (fumes,  dust,  and  salts)  to  50 
pg/m3,  and  the  differentiation  between 
fumes  and  dusts  was  set  aside. 

D.  Chronology  of  Cadmium  rulemaking 

OSHA’8  decision  to  reduce  the  PELs 
for  cadmium  exposures  is,  in  part,  in 
response  to  a  petition,  of  June  18, 1986, 
from  the  Health  Research  Group  (HRG) 
of  Public  Citizen,  joined  by  the 
International  Chemical  Workers  Union 
(ICWU),  which  requested  OSHA  to 
issue  an  Emergency  Temporary 
Standard  (ETS)  for  cadmium  providing 
for  a  permissible  exposure  limit  (PEL)  of 
1  pg/m3  as  an  8-hour  TWA  and  5  pg/m* 
as  a  ceiling  limit.  In  support  of  their 
position  the  petitioners  cited  several 
studies  which  they  believed  provided 
evidence  that  workers  were  in  grave 
danger  from  occupational  exposure  to 
cadmium  at  and  below  current  PELs. 

The  major  human  study  cited  was  that 
by  Thun  et  al.  (Ex.  4-68),  which  found 
significant  increases  in  lung  cancer  in 
cadmium  smelter  workers.  The 
petitioners  also  cited  several  animal 
studies  which  demonstrate  the 
carcinogenic  potential  of  cadmium.  The 
most  notable  of  these  was  an  inhalation 
study  cited  in  which  rats  exposed  to 
cadmium  chloride  at  levels  below 
OSHA's  PEL,  developed  lung  cancer 
while  the  unexposed  controls  developed 
none  (Ex.  4-67).  Other  human  studies 
cited  by  the  petitioners  showed 
statistically  significant  increases  in 
prostate  cancer  among  battery  factory, 
smelter,  and  alloy  factory  workers 
exposed  to  cadmium.  Other  human 
studies  cited  by  the  petitioners  also 
showed  evidence  of  renal  damage  and 
non-malignant  respiratory  disease 
among  workers  exposed  to  cadmium  at 
levels  below  the  PEL.  The  exposure 
limits  requested  by  HRG  and  ICWU 
were  aimed  at  ensuring  that  workers 
would  not  be  at  excess  risk  of  cancer 
and  kidney  disease. 

On  July  1, 1987,  OSHA  denied  the 
petition  for  an  ETS  on  the  grounds  that 
the  record  did  not  support  findings  that 
cadmium  posed  a  "grave  danger"  as 
defined  by  the  courts.  However,  OSHA 
determined  that  the  existing  PELs  at  that 
time  are  not  sufficiently  protective  and 
that  the  Agency  should  proceed  with 
permanent  rulemaking  under  section 
6(b)  of  the  Act  to  reduce  cadmium 
exposure.  In  July  of  1989,  petitioners, 
alleging  unnecessary  delay  on  OSHA’s 
part,  filed  a  petition  for  a  Writ  of 
Mandamus  in  the  U.S.  Court  of  Appeals 
for  the  D.C.  Circuit  seeking  to  compel 
the  Agency  to  issue  the  proposed  and 
final  standards  by  specified  dates.  On 
October  20, 1989,  the  court  ordered  the 
case  held  in  abeyance  and  ordered 
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OSHA  to  file  a  report  within  three 
months  on  0>e  status  of  the  proposed 
rule  and  the  date  by  which  toe  Agency 
expected  to  issue  a  final  rule.  OSHA 
duly  filed  its  status  report,  projecting 
publication  of  the  proposal  around  toe 
end  of  January  1990  and  publication  of 
the  final  cadmium  rule  within  24  months 
thereafter. 

On  February  0, 1990  OSHA  published 
its  proposed  rule  to  regulate 
occupational  exposure  to  cadmium  (55 
FR  4052).  The  main  health  effects 
targeted  by  toe  Agency  were  lung 
cancer  and  kidney  damage.  Based  on 
the  Agency's  review  of  major 
epidemiological  studies  of  hing  cancer 
and  renal  dysfunction  among  workers 
exposed  to  cadmium,  and  based  on  the 
Agency’s  quantitative  risk  assessment 
OSHA  proposed  establishing  a  PEL  of  1 
fig/m3,  or  in  the  alternative,  a  PEL  of  5 
WlM3- 

In  proposing  two  alternative  PELs, 
OSHA  acknowledged  that  either  PEL 
would  be  difficult  to  achieve  in  some 
sectors  through  engineering  controls 
alone.  In  these  particular  industry  and 
occupational  sectors  reliance  upon 
respirators  would  be  considerable. 

Thereafter,  on  February  12, 1990,  the 
Court  of  Appeals  indicated  that  it  was 
satisfied  with  OSHA’s  compliance  to 
date  but  noted:  (1J  That  OSHA’s 
projection  of  24  months  for  publishing  a 
final  standard  exceeded  by  six  months 
the  18-month  period  previously 
projected  by  the  Agency,  and  (2)  that  all 
parties  agree  that  exposure  to  cadmium 
poses  a  serious  risk  to  workers  and  that 
OSHA  should  therefore  proceed 
expeditiously.  Consequently,  the  court 
ordered  that  the  case  continue  to  be 
held  in  abeyance,  pending  further 
review,  and  further  ordered  OSHA  to 
file  with  Ae  court,  every  six  months 
until  the  final  rule  is  issued,  a  report 
indicating  the  status  of  the  rulemaking 
and  the  date  by  which  the  Agency 
expects  to  issue  a  final  rule. 

A  public  hearing  on  the  proposal  was 
held  in  Washington,  DC  on  June  5-13, 
1990,  and  in  Denver  on  July  17-19, 1990. 
In  response  to  significant  public  and 
expert  comment  on  the  proposed 
medical  surveillance  provisions,  OSHA 
on  July  2, 1990  sent  a  memo  to  all 
hearing  participants,  requesting  further 
information,  testimony,  and  comments 
on  medical  surveillance  and  smoking  in 
the  workplace  (Ex.  46).  OSHA  made  this 
request  to  hearing  participants  in  order 
to  maximize  their  participation  in  the 
development  of  the  final  requirements 
for  medical  surveillance  and  in  light  of 
substantial  comment  in  expert  and  other 
testimony  at  the  hearings  in 
Washington,  DC,  and  in  pre-hearing 
written  comments. 


In  the  memorandum,  OSHA 
summarized  the  submissions  to  the 
record  as  follows: 

(a)  Employer  action  generally  should 
not  be  triggered  on  the  basis  of  a  single 
biological  parameter; 

(b)  Prior  to  the  onset  of  kidney 
disease,  cadmium  levels  in  urine  provide 
the  most  practical  indication  of 
cadmium  body  burden; 

(c)  Concurrently  high  values  in  tests 
for  both  cadmium  m  urine  and  beta-2- 
microglobulin  in  urine  provide  the  best 
early  indicator  of  kidney  dysfunction; 

(d)  A  pre-placement  (initial)  medical 
examination  is  necessary  for  all 
employees  previously,  as  well  as 
currently  exposed  to  cadmium  above  the 
action  level  to  establish  their  health 
status; 

(e)  A  termination  of  employment 
examination  is  also  necessary  to 
establish  the  health  status  of  all 
employees  previously  exposed  above 
the  action  level  and  to  facilitate 
prognosis; 

(f)  Medical  exams  may  not  be 
necessary  annually  so  long  as  periodic 
biological  monitoring  results  are  within 
normal  ranges; 

(g)  Physician's  discretion  should  be  an 
important  part  of  any  medical 
surveillance  program; 

(h)  A  physician’s  decision  that  an 
employee  must  be  medically  removed 
from  exposure  to  cadmium  above  the 
action  level  may  mean  that  the 
employee  cannot  be  returned  to  work  in 
facilities  with  cadmium  exposure; 

(i)  Multiple  physician  review  may  be 
an  appropriate  mechanism  to  assure  the 
quality  of  medical  determinations;  and 

(j)  OSHA  should  directly  address  the 
issue  of  smoking  among  cadmium 
exposed  workers. 

In  response  to  these  submissions 
OSHA  presented  updated  medical 
surveillance  provisions  and  sought 
further  testimony  and  comment. 

In  addition,  in  the  memo,  OSHA 
requested  information  and  comments  on 
several  issues  relating  to  smoking, 
including  but  not  limited  to:  Whether 
smoking  is  likely  to  increase  the 
smoker’s  body  burden  of  cadmium; 
whether  smoking  is  likely  to  contribute 
to  cadmium-induced  disease;  whether 
OSHA  should  require  the  examining 
physician  to  inquire  about  the  patient’s 
smoking  history  and  status,  and; 
whether  OSHA  should  require  the 
examining  physician  to  advise  the 
patient  that  smoking  is  a  source  of 
cadmium  exposure  that  is  cumulative 
with  whatever  occupational  exposure 
the  patient  absorbs  and  that  the  patient 
therefore  should  stop  smoking. 

Comment  and  information  was 
requested  to  be  provided  in  testimony  at 


the  Denver  hearing  site  and/or  in  post¬ 
hearing  comment 

After  the  Denver  hearing  of  July,  1990, 
a  post-hearing  comment  period  of  90 
days  was  established  by  the  hearing 
officer,  Administrative  Law  Judge  Julius 
A.  Johnson.  On  September  18, 1990,  SCM 
Chemicals,  Inc.,  a  cadmium  pigment 
manufacturer,  moved  to  extend  the  post¬ 
hearing  comment  period.  SCM  sought 
the  extension  to  allow  submission  to  the 
record  of  studies  that  were  about  to  be 
initiated  regarding  the  possible 
confounding  effect  of  the  photo- 
decomposition  (solubilization]  of 
cadmium  sulfide  on  the  results  of  an 
important  long  term  inhalation  study  of 
rats  exposed  to  cadmium  sulfide  and 
other  cadmium  compounds  (Glaser,  U., 
et  aL,  “Carcinogenicity  and  Toxicity  of 
Four  Cadmium  Compounds  Inhaled  by 
Rats,"  Toxicological  and  Environmental 
Chemistry,  VoL  27,  pp.  153-62, 1990). 

That  study  by  Glaser  et  al.  showed 
cadmium  sulfide  to  be  a  lung  carcinogen 
of  approximately  equal  potency  with 
other  cadmium  compounds.  The  follow¬ 
up  studies  were  to  test  whether  the 
evidence  of  equal  potency  might  be 
attributable,  in  whole  or  in  part,  to  the 
existence  of  more  toxic  compounds  in 
the  inhaled  cadmium  sulfide  aerosol. 
Industry  representatives  asserted  that 
the  toxic  compounds  were  produced  by 
the  photo-decomposition  of  cadmium 
sulfide  prior  to  inhalation  by  the  test 
animals.  The  SCM  motion  was  denied 
by  Judge  Johnson,  but  OSHA  indicated 
that  if  significant  new  evidence  soon 
became  available,  the  Agency  would 
consider  reopening  the  record.  The  post 
hearing  comment  period  ended  on 
October  18, 1990. 

On  April  22, 1991,  the  Dry  Color 
Manufacturers’  Association  (DCMAJ, 
representing  cadmium  pigment 
manufacturers  and  users,  filed  a  motion 
with  Judge  Johnson  to  reopen  the 
hearing  to  allow  cross  examination  of 
OSHA  witnesses  regarding  the 
carcinogenicity  of  cadmium  sulfide  in 
light  of  the  results  of  the  follow-up 
studies  which  had  been  completed,  or 
alternatively  to  remove  cadmium 
pigments  from  the  current  rulemaking.  In 
its  opposition  to  the  motion,  OSHA 
indicated  that,  in  the  interest  of  fairness 
and  fully  developing  the  record,  toe 
Agency  would  carry  out  a  limited 
reopening  of  the  record  to  allow 
submission  of  the  results  of  the  follow¬ 
up  studies  and  written  public  comment 
on  the  studies  and  underlying  issues. 
DCMA’s  motion  was  denied  by  the 
judge  on  May  13, 1991.  On  May  24, 1991, 
Judge  Johnson  certified  the  record  for 
the  public  hearing  as  closed.  Thereafter, 
on  June  17, 1991,  DCMA  moved  for 
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reconsideration  of  its  previous  motion. 

On  July  5, 1991,  OSHA  denied  the 
motion  to  reconsider.  In  its  letter  of 
denial,  OSHA  reiterated  that  the  Agency 
would  reopen  the  record  for  the  limited 
purpose  of  receiving  the  final  reports  of 
the  two  recent  studies  and  updated 
assessments  of  those  reports  and  to  seek 
public  comment  on  the  new  evidence 
and  the  underlying  issues  concerning 
cadmium  sulfide.  OSHA  then  contracted 
with  one  of  its  experts  at  the  hearing, 

Dr.  G.  Oberdorster,  who  is  a  co-author 
of  one  of  the  follow-up  studies,  and  with 
one  of  the  co-authors  of  the  other  study, 
Dr.  U.  Heinrich,  to  assess  cadmium 
sulfide's  solubility,  bioavailability, 
toxicity,  carcinogenicity  and  potency 
relative  to  other  cadmium  compounds  in 
light  of  all  the  evidence,  including  their 
own  studies. 

The  record  was  reopened  for  45  days 
on  September  16, 1991  and  closed  on 
November  4, 1991.  OSHA  submitted  the 
reports  of  the  additional  studies  of 
cadmium  sulfide  and  the  assessments  by 
Drs.  Oberdorster  and  Heinrich.  New 
data  had  to  be  submitted  by  October  18, 
1991,  and  other  comments  could  be 
placed  in  the  record  until  the  record 
closed. 

On  February  12, 1992  OSHA  filed  its 
required  status  report  to  the  court 
requesting  a  six-month  extension  due  to 
unanticipated  difficulties  in  developing 
specific  portions  of  the  final  standard 
and  the  complexities  of  the  issues  that 
need  to  be  addressed. 

The  International  Chemical  Worker’s 
Union  (ICWU)  and  Public  Citizen’s 
Health  Research  Group  (HRG)  moved  to 
have  the  court  impose  a  deadline  of 
August  31, 1992,  for  OSHA  to  publish  the 
final  standard.  Although  OSHA 
expected  to  have  completed  the 
standard  by  this  date,  the  Agency 
opposed  a  court  imposed  deadline.  On 
March  20, 1992,  the  court  ordered  OSHA 
to  issue  the  final  rule  by  August  31, 1992 
[International  Chemical  Workers  Union, 
et  al.,  v.  Strunk  and  Martin,  No.  89-1357, 
March  20, 1992). 

On  June  5, 1992,  DCMA  filed  another 
motion  with  the  Agency  to  remove 
cadmium  pigments  from  consideration  in 
the  final  rule  due  to  evidence  adduced 
subsequent  to  the  public  hearings 
alleging  that  cadmium  pigments  are  less 
toxic  than  other  cadmium  compounds 
(Ex.  171;  and  see  Ex.  172).  OSHA  denied 
the  motion  for  reasons  stated  in 
previous  responses  to  DCMA  and  in  this 
preamble  (Ex.  L-173). 

In  this  rulemaking,  OSHA  has 
developed  two  final  standards,  one  for 
general  industry,  maritime,  and 
agriculture,  and  a  separate  one  for  the 
construction  industry.  In  both  standards, 
the  Agency  has  concluded  that  excess 


exposure  to  cadmium  in  any  form  does 
pose  a  significant  threat  to  the  health  of 
workers,  whether  it  is  from  material 
impairment  of  kidney  function,  lung 
cancer  or  other  cadmium-related 
illnesses.  OSHA  determined  that  the 
TWA  PEL  should  not  be  set  above  5  pg/ 
m3  based  on  the  record  of  evidence  and 
its  own  quantitative  risk  assessment. 

The  Agency  found  that  the  animal  and 
human  data  show  strikingly  similar 
evidence  of  cadmium  toxicity.  The 
decision  to  establish  the  PEL  at  5  pg/m3 
was  made  on  the  basis  of  feasibility  as 
well.  OSHA’s  quantitative  risk 
assessment  does  not  take  account  of  the 
reductions  in  risk  attributable  to  the 
ancillary  provisions.  Although  OSHA's 
risk  assessment  indicates  that  some  risk 
may  remain  at  a  TWA  PEL  of  5  pg/m3, 
the  Agency  has  relied  upon  the  ancillary 
provisions  to  eliminate  significant  risk 
at  the  new  PEL. 

IV.  Chemical  Identification,  Production, 
and  Use  of  Cadmium 

Cadmium  (Chemical  Services  Registry 
Number  7740-43-9)  is  a  soft,  blue-white, 
malleable,  lustrous  metal  or  a  grayish- 
white  powder.  It  is  insoluble  in  water 
and  reacts  readily  with  dilute  nitric  acid. 
It  reacts  slowly  with  hot  hydrochloric 
acid  and  does  not  react  with  alkalies.  It 
is  slowly  oxidized  by  moist  air  to  form 
cadmium  oxide.  Cadmium  occurs  in 
nature  in  ores,  and  is  obtained  as  a  by¬ 
product  from  the  extraction,  separation 
and  recovery  of  those  metals  in  refinery 
plants. 

According  to  the  Mine  Safety  and 
Health  Administration  (MSHA), 
cadmium  ore  does  not  exist  since 
cadmium  is  a  by-product  of  ores  mined 
for  other  metals.  In  fact,  cadmium  is 
considered  a  “contaminant”  in  mining 
because  it  simply  is  not  profitable  for 
industries  to  mine  for  it  solely.  Cadmium 
is  always  found  with  other  elements 
such  as  zinc,  lead,  copper  or  arsenic.  An 
ore  must  contain  at  least  a  trace  of  a 
mineral  or  an  aggregate  of  minerals; 
however  to  be  considered  valuable,  it 
must  contain  a  certain  percentage  of  a 
desired  mineral(s),  which  is  cost- 
effective  and  profitable  for  the  mine  to 
process  out  of  the  ore.  Generally,  an  ore 
is  named  after  the  minerals  it  contains 
which  are  being  recovered.  It  usually 
follows  that  the  ore  is  named  in  the 
order  of  the  percentage  of  the  elements 
present.  For  example,  if  an  ore  is  mainly 
zinc  then  selenium  and  finally  cadmium, 
it  would  be  called  zinc-selenium- 
cadmium-ore  [personal  communication 
4/27/90,  Mine  Safety  and  Health 
(MSHA)] 

Cadmium  metal  is  produced  by  three 
basic  processes:  Fractional  precipitation 
and  distillation  of  roasted  zinc  ores; 


direct  distillation  of  cadmium-bearing 
zinc;  and,  electrolytic  zinc  processing. 
Presently,  there  are  four  sites  where 
cadmium  is  processed:  ASARCO 
Incorporated  in  Denver,  Colorado  and 
Corpus  Christi,  Texas,  where  cadmium 
is  recovered  from  lead  smolter  baghouse 
dust;  Big  River  Zinc  in  Sauget.  Illinois; 
Jersey  Miniere  Zinc  Company  in 
Clarksville,  Tennessee;  and  Zinc 
Corporation  of  America  in  Bartlesville, 
Oklahoma  where  cadmium  is  recovered 
as  byproduct  of  smelting  zinc 
concentrates.  (“Mineral  Industry 
Surveys  *  *  *  Cadmium  in  1991”, 

Bureau  of  Mines,  Department  of  Interior, 
4/9/92). 

A  primary  use  for  cadmium  metal  is 
as  an  anticorrosive,  electroplated  onto 
steel.  Cadmium  may  serve  as  an 
electrode  component  in  alkaline 
batteries  and  may  be  used  in  alloys, 
silver  solders,  and  welding.  Cadmium 
exposures  in  genera)  occur  in  refining 
and  smelting  operations.  Relative  to  the 
metals  with  which  it  is  found,  cadmium 
volatilizes  readily  during  these 
processes  because  of  its  low  boiling 
point  (785  °C)  and  high  vapor  pressure. 
The  cadmium  then  condenses  to  form 
fine  airborne  particles  that  react  almost 
immediately  with  oxygen  to  form 
respirable  cadmium  oxide.  Other 
general  industry  groups  where  exposure 
to  cadmium  may  occur  include 
electroplating,  battery  manufacturing, 
and  pigment  and  plastics  manufacturing. 
In  addition,  cadmium  exposure  is 
associated  with  welding,  brazing,  and 
painting  operations  in  many  other 
industries. 

Cadmium  exists  in  +2  valence  state, 
and  does  not  form  stable  alkyl 
compounds  or  other  organometallic 
compounds  of  known  toxicologic 
significance.  Although  all  cadmium  and 
cadmium-containing  compounds  are 
covered  under  this  standard,  OSHA  is 
focusing  in  this  section  on  those 
compounds  most  commonly  associated 
with  industrial  processes  in  the  United 
States  of  America  which  pose 
potentially  serious  health  effects: 
cadmium  oxide,  cadmium  sulfate, 
cadmium  chloride,  and  cadmium  sulfide 
(Ex.  8-671). 

Cadmium  oxide  (CdO;  Chemical 
Services  Registry  No.  1306-19-0)  occurs 
as  dark  brown  infusible  powder  or  cubic 
crystals.  It  is  practically  insoluble  in 
water  but  is  soluble  in  dilute  acids.  It  is 
also  slowly  soluble  in  ammonium  salts. 
It  is  used  as  an  electroplating  chemical; 
as  a  component  of  silver  alloys, 
phosphors,  and  semiconductors;  and,  in 
glass  and  ceramic  glazes.  It  is  also  used 
as  a  vermicide  and  is  a  starting  material 
for  polyvinyl  chloride  (PVC)  heat 
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stabilizers.  Cadmium  oxide  is  used  as  a 
second  polarizer  in  silver-zinc  storage 
batteries  and  in  plastics  such  as  Teflon 
to  improve  their  high-temperature 
properties. 

Cadmium  oxide  fumes  are  formed 
when  cadmium  compounds  are  heated 
and  cadmium  ions  are  driven  off.  As 
these  ions  cool,  they  condense  out  of  the 
air  as  cadmium  oxide.  Cadmium  oxide 
exposures  can  occur  in  a  variety  of 
industries  where  cadmium-containing 
compounds  are  heated,  such  as  smelters, 
refiners,  and  copper-cadmium  alloy 
manufacturing  plants.  Workers  who 
perform  welding  on  automobile  parts  in 
manufacturing  plants,  using  cadmium 
containing  solders,  can  be  exposed  to 
cadmium  oxide  fumes. 

Cadmium  chloride  (CdCU;  Chemical 
Services  Registry  No.  10108-64-2)  is  also 
widely  used  in  industry.  It  is 
hygroscopic  and  occurs  as 
rhombohedral  crystals.  It  is  freely 
soluble  in  water  and  acetone  but  slightly 
soluble  in  methanol  and  ethanol.  It  is 
used:  In  fungicides,  in  the  manufacture 
of  cadmium  yellow  pigments,  in 
galvanoplasty,  as  an  ice-nucleating 
agent,  in  laboratory  analyses  of  sulfides 
to  absorb  HzS,  as  a  test  for  pyridine 
bases,  and  in  electroplating.  It  is  also 
used  as  an  addition  to  tinning  solutions, 
as  a  mordant  in  the  dyeing  and  printing 
of  textiles,  as  a  component  of  metal 
finishing  baths  and  aerosols,  as  an  agent 
in  photocopying,  as  an  agent  in  the 
manufacture  of  coatings  for  electronic 
vacuum  tubes,  as  an  agent  in  the 
manufacture  of  special  mirrors,  as  a 
solid  film  lubricant,  as  a  catalyst,  as  a 
fog  inhibitor  in  photographic  film 
emulsions,  as  a  chemical  intermediary 
for  cadmium  sulfide,  as  a  colorant  for 
pyrotechnics,  and  in  pesticides.  Workers 
can  be  exposed  to  cadmium  chloride 
dusts  and  aerosols  in:  battery 
manufacturing,  electroplating,  alloy  and 
solder  production,  ceramics  and  vapor 
lamps  production,  and  in  welding. 

Cadmium  sulfate  (CdSO«;  Chemical 
Services  Registry  No.  10124-38-4)  also 
has  many  applications  in  industry.  It 
occurs  as  odorless  monoclinic  hydrate. 

It  is  freely  soluble  in  water  but  is  almost 
insoluble  in  alcohol  and  ethyl  acetate.  It 
is  used:  In  fungicides;  as  an 
intermediary  in  recovery  of  cadmium 
from  zinc  ore;  in  the  electrodeposition  of 
cadmium,  copper,  and  nickel;  in 
analytical  tests  as  a  catalyst  for 
determining  for  arsenic,  hydrogen 
sulfide  and  fumaric  acids;  in  the 
manufacture  of  cadmium  salts  of 
longchain  fatty  acids;  for  stabilizing 
plastics,  especially  polyvinyl  chloride;  in 
the  production  of  vacuum  tubes, 
fluorescent  screens,  and  phosphors;  as 


an  electrolyte  in  standard  cells;  in  CdS, 
cadmium  lithopone  and  cadmium 
sulfoselenide  pigment  production  as  a 
chemical  intermediary,  in  cement 
formation,  as  a  chemical  accelerator; 
and  in  the  manufacture  of  standard 
cadmium  elements.  In  addition, 
cadmium  sulfate  has  the  ability  to 
absorb  hydrochloric  acid  from  waste 
gases  from  chemical  plants. 

Cadmium  sulfide  (CdS;  Chemical 
Services  Registry  No.  1306-23-6)  also 
has  many  industrial  uses.  It  occurs  in 
nature  as  the  mineral  greenokite.  It 
occurs  as  light-yellow  or  orange-colored 
cubic  or  hexagonal  crystals.  Its 
solubility  in  water  is  approximately  0.13 
mg/lOOg  at  18  °C.  Some  applications 
include:  As  a  pure,  inorganic 
photoconducton  as  a  pigment  which  is 
colorfast  against  light  in  glass;  as  a 
colorant  for  soaps,  textile's,  paper  and 
rubber  in  printing  inks,  ceramic  glazes 
and  fireworks;  in  x-ray  fluorescent 
screens;  in  body  temperature  detectors; 
in  rectifiers,  transistors,  photovoltaic 
cells,  and  in  solar  cells;  in  pigments 
which  include  phosphors;  and,  in  lead¬ 
sealing  glass-binders  to  provide  smooth 
glass  enamel  surface  that  is  durable  and 
resistant  to  damage  from  development, 
cleaning  and  handling.  Cadmium  sulfide 
also  provides  stability  against  oxidation 
and  UV  radiation  in  specific  industrial 
products. 

A  substantial  amount  of  cadmium 
sulfide  and  cadmium  sulfoselenide  is 
used  in  pigments  to  yield  colors  ranging 
from  yellow  to  deep  red.  These  pigments 
have  a  high  tolerance  to  heat  and  to 
light  and  are  used  primarily  in  coloring 
plastics,  ceramics  and  paints.  Cadmium 
stearate  is  used  as  a  stabilizer  in 
plastics  because  it  inhibits  the 
deterioration  of  the  product.  Cadmium 
compounds  are  also  used  in  smaller 
amounts  in  electric  batteries  and 
electronic  components.  Of  the  many 
inorganic  cadmium  compounds,  several 
are  quite  soluble  in  water. 

V.  Health  Effects 

A  vast  amount  of  literature  exists 
which  documents  the  adverse  health 
effects  from  acute  and  chronic  exposure 
to  cadmium  in  both  humans  and 
animals.  The  primary  adverse  health 
effects  which  have  been  observed  are 
lung  cancer  and  kidney  damage.  This 
section  on  health  effects  will  not 
attempt  to  describe  every  study  ever 
conducted  on  cadmium  toxicity.  Instead, 
the  most  important  studies  will  be 
reviewed  and  the  testimony  and 
comments  submitted  to  the  record  of  the 
rulemaking  will  be  presented.  For 
greater  detail,  the  cited  reviews  and 
articles  should  be  consulted. 


A.  Metabolism 

Cadmium  enters  the  human  body  by 
inhalation,  by  ingestion,  and  perhaps  by 
absorption  through  the  skin.  Inhaled 
cadmium  is  more  readily  absorbed  into 
the  body  than  is  ingested  cadmium. 
Intake  of  cadmium  by  ingestion  and  skin 
absorption  are  considered  to  be  of 
relatively  less  importance  in 
occupational  settings. 

In  occupational  settings  cadmium  is 
inhaled  in  the  form  of  either  small 
particles  of  fume  or  larger  particles  of 
dust.  The  extent  of  deposition  depends 
on  the  particle  size.  It  is  estimated  that 
ten  percent  of  the  particles  of 
approximately  5.0  micrometers  mean 
mass  diameter  (MMD)  are  deposited  in 
the  lung,  whereas  50  percent  of  the 
particles  of  1.0  micrometer  MMD  are 
deposited  in  the  lung.  Of  the  proportion 
deposited,  20  to  25  percent  is 
systemically  absorbed.  (Exs.  8-619;  8- 
086a,  p.  107).  Limited  data  on  smokers 
indicate  a  high  rate  of  absorption  (10% 
to  50%)  of  inhaled  cadmium  (Exs.  8-88 
and  29).  Animal  experiments  have 
shown  an  absorption  rate  of  between 
10%  to  60%  of  inhaled  cadmium  (Ex.  29). 
Thus,  smoking  habits  and  personal 
hygiene  are  of  great  importance  as  a 
source  of  indirect  exposure  in  a 
cadmium-contaminated  environment 

Many  of  the  effects  of  cadmium  are 
systemic.  After  initial  exposure, 
inhalation,  and  absorption,  cadmium  is 
transported  by  the  blood  plasma, 
although  the  majority  of  the  cadmium  is 
bound  to  the  blood  cells.  According  to 
Clarkson  et  al.: 

Cadmium  in  blood  is  distributed  between 
blood  cells  and  plasma  *  *  *.  In  persons  with 
industrial  exposure  to  cadmium  and  in 
cadmium-exposed  experimental  animals, 
cadmium  in  blood  is  found  mainly  in 
erythrocytes  *  *  *.  (Ex.  14-18,  pp.  168-161) 

Cross-sectional  studies  of  workers 
who  had  varying  durations  of  exposure 
at  varying  levels  of  exposure  have 
yielded  little  definitive  information 
about  the  kinetics  of  blood  cadmium 
and  the  distribution  of  cadmium 
between  the  plasma  and  blood  cells. 
Therefore,  cadmium  in  blood  is  most 
accurately  measured  in  whole  blood. 

After  a  sudden  increase  in  exposure, 
cadmium  in  blood  increases  rapidly 
during  the  first  three  to  four  months  and 
then  reaches  an  apparent  steady  level 
which  is  likely  to  reflect  the  average 
exposure  during  those  months.  When 
high  exposures  cease,  blood  levels  of 
cadmium  decrease  with  two  distinct 
half-time  components.  One  component 
has  a  half-time  of  a  few  months  and 
probably  reflects  the  turnover  rate  of 
red  blood  cells.  The  other  half-time 
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component  is  several  years  long  and  is 
likely  to  reflect  body  burden, 
presumably  consisting  of  several 
components  with  half-lives  varying  from 
about  one  year  in  blood  to  about  five 
years  in  other  soft  tissues  (De  Silva,  Ex. 
8-718;  and  Friberg,  Ex.  8-088-B). 
Therefore,  the  transport  of  absorbed 
cadmium  in  blood  is  of  crucial 
importance. 

Cadmium  transported  to  the  liver 
induces  the  synthesis  of  metallothionein, 
a  low  molecular  weight  metal-binding 
protein.  Cadmium  becomes  bound  to 
this  protein,  forming  a  metal-protein 
complex  which  is  then  released  back  to 
the  blood  and  transported  to  the  kidney. 
In  the  kidney,  the  cadmium- 
metallothionein  complex  passes  through 
the  glomeruli  and  is  reabsorbed  by  the 
proximal  tubules.  This  complex  can  then 
be  broken  down  by  lysosomes,  releasing 
unbound  cadmium  which  can  induce 
renal  synthesis  of  metallothionein.  In 
workers  with  only  short-term  exposures 
to  low  levels  of  cadmium,  the  cadmium 
will  be  bound  again  in  the  kidney  to  the 
locally  produced  metallothionein 
providing  a  protective  effect  from 
cadmium.  However,  after  prolonged 
exposure,  the  binding-process  in  the 
kidney  becomes  saturated  leading  to  an 
increase  in  unbound  cadmium  which 
can  result  in  toxic  effects  {Dr.  Goyer,  Tr. 
6/6/90,  pp.  129, 131). 

Unlike  other  heavy  metals  such  as 
mercury  and  lead,  cadmium  occurs  in 
only  one  valence  state,  +2,  and  does 
not  form  stable  alkyl  compounds  or 
other  organometallic  compounds  of 
known  toxicologic  significance 
(Casarett,  1980,  Referenced  in  Ex.  8-735, 
Casarett,  1986).  Thus,  it  is  elemental 
cadmium  that  is  the  toxic  agent.  In  his 
testimony,  Lars  Friberg.  M.D.,  Professor 
Emeritus  at  the  Karolinska  Institute  in 
Stockholm  where  he  was  formerly 
Chairman  of  the  Department  of 
Environmental  Health,  an  international 
expert  and  pioneer  in  the  field  of 
cadmium-induced  kidney  disease,  past 
Chairman  of  the  WHO  task  group  on 
cadmium,  and  senior  editor  of  a  number 
of  comprehensive  monographs  on 
cadmium,  discussed  the  mechanisms  by 
which  cadmium  is  taken  up  by  the 
human  body  and  how  cadmium 
ultimately  affects  the  kidney.  Dr.  Friberg 
stated: 

One  has  firm  epidemiological  evidence, 
thanks  to  the  data  from  Ellis  and  Roels  *  *  * 
that  there  is  an  association  between  total 
cadmium  in  kidneys  and  effects  *  *  *.  (Tr.  6/ 
6/90,  p.  100) 

The  studies  by  Ellis  and  Roels  are 
discussed  below. 

Regardless  of  the  route  of  absorption 
or  the  type  of  cadmium  compound, 


approximately  one  half  to  one  third  of 
the  body  burden  of  cadmium  is  found  in 
the  kidneys  after  chronic  low-level 
exposure,  with  the  highest 
concentrations  found  in  the  renal  cortex 
(Ex.  8-086a,  p.  168).  After  long-term 
exposure,  one  sixth  and  one  fifth  of  the 
body  burden  are  found  in  the  liver  and 
muscles,  respectively.  As  exposure  level 
increases,  a  greater  proportion  of  the 
body  burden  of  cadmium  will  be  found 
in  the  liver  relative  to  the  kidney.  Also, 
upon  the  onset  of  renal  dysfunction,  the 
level  of  cadmium  in  the  kidney  will 
decrease  (Friberg,  Tr.  6/6/90,  p.  84).  The 
half-life  of  cadmium  in  the  liver,  kidney 
and  muscles  is  5  to  15  years,  10  to  30 
years,  and  more  than  30  years, 
respectively.  (Ex.  8-086a,  p.  168). 

B.  Non-Carcinogenic  Health  Effects 
1.  Acute  Effects 

a.  Evidence  in  humans.  A  variety  of 
adverse  health  effects  may  result  from 
acute  exposure  to  cadmium  compounds. 
The  most  widely  recognized  effects  are 
seen  in  the  respiratory  system  from  the 
inhalation  of  cadmium  fumes  and  dust. 
Acute  pneumonitis  occurs  10  to  24  hours 
after  initial  acute  inhalation  of  high 
levels  of  cadmium  fumes  with  symptoms 
such  as  fever  and  chest  pain  (Exs.  30,  8- 
086b,  p.  4).  In  extreme  exposure  cases 
pulmonary  edema  may  develop  and 
cause  death  several  days  after  exposure. 
Such  symptoms  have  been  reported 
among  workers  exposed  to  high 
concentrations  of  cadmium.  For 
example,  after  a  day’s  exposure  to 
cadmium  fumes,  workers  developed 
severe  weakness,  dyspnea,  coughing 
and  tightness  of  the  chest.  Chest 
radiographs  showed  signs  of  pulmonary 
edema  (Ex.  8-41). 

As  in  the  case  above,  the  exposure 
levels  at  which  the  adverse  effects 
occurred  were  not  recorded  in  many 
investigations  of  acute  health  effects 
from  high  cadmium  exposures. 
Estimation  of  the  exposure  levels 
associated  with  acute  respiratory  effects 
has  relied  on  measurements  of  the 
amount  of  cadmium  found  in  the  lung 
after  death  modified  by  assumptions 
about  the  proportion  of  cadmium  fumes 
retained  in  the  lungs.  At  one  time,  a 
lethal  concentration  of  cadmium  is 
considered  to  be  not  higher  than  (and 
probably  lower  than)  5  mg/m3  over  a 
period  of  eight  hours  (Exs.  8-41  and  29). 
This  number  was  estimated  by  assuming 
that  11%  of  the  cadmium  fumes  were 
retained  in  the  lungs.  Given  that  the 
victims  were  exposed  for  5  hours,  the 
average  concentration  was  estimated  to 
be  8.6  mg/m9.  This  is  equivalent  to  an  8- 
hour  exposure  of  approximately  5  mg/ 
m9.  Because  this  estimate  rests  on  a 


number  of  assumptions  used  to  derive 
this  exposure  level,  however,  there  is 
some  uncertainty  as  to  the  accuracy  of 
this  estimate.  Also,  the  amount  of 
cadmium  measured  in  the  lung  of  the 
fatal  cases  may  have  been  higher  than 
the  amount  necessary  to  cause  death.  It 
should  also  be  noted  that  this  type  of 
estimate  is  for  lethal  concentrations,  and 
that  lower  concentrations  may  give  rise 
to  acute  symptoms  and  significant  lung 
damage  without  resulting  in  death. 

Little  actual  exposure  measurement 
data  are  available  on  the  level  of 
airborne  cadmium  exposure  that  causes 
such  immediate  adverse  health  effects. 
More  recent  studies  have  revealed  that 
an  eight  hour  exposure  to  5  mg/m3 
should  not  be  regarded  as  the  lowest 
concentration  that  can  give  rise  to  a 
fatal  poisoning.  It  is  reasonable  to 
believe  a  cadmium  concentration  of 
approximately  1  mg/m3  over  an  eight 
hour  period  is  “immediately  dangerous” 
(Exs.  8-86B;  29).  Such  exposures  can 
ultimately  be  life-threatening.  In 
response  to  questions  during  the 
hearing,  George  Kazantzis,  M.D., 
Emeritus  Professor  of  Occupational 
Medicine  at  the  University  of  London, 
Honorary  Consultant  Physician  at  the 
Middlesex  Hospital  in  London,  and  a 
member  of  the  WHO  task  group  on 
environmental  health,  testified  that  he 
found  a  statistically  significant  excess  of 
worker  deaths  due  to  chronic  bronchitis 
in  his  17  plant  cohort  study  in  the  U.K. 
These  deaths  were,  in  his  opinion, 
directly  related  to  high  cadmium 
exposures  of  1  mg/m3  or  more  (Tr.  6/8/ 
90,  pp.  156-157). 

Although  there  are  little  data  on  the 
lowest  cadmium  exposure  level  that 
may  trigger  an  acute  effect  it  is  known 
that  a  few  days  of  cadmium  exposure  in 
excess  of  200  p.g/m3  will  result  in 
elevated  levels  of  cadmium  in  the  blood 
and  urine.  Based  upon  his  experience, 

Dr.  Friberg  said  that  an  eight-hour  time- 
weighted-average  (TWA)  exposure  of 
75-100  fig/m3  should  never  be  exceeded 
in  order  to  prevent  adverse  health 
effects  (Ex.  144-15). 

Experimental  animals  exposed  to 
various  cadmium  compounds  through 
various  routes  of  exposure  have 
experienced  acute  pulmonary  effects.  In 
a  number  of  studies  reviewed  by  Friberg 
(Ex.  8-086b,  p.  2),  NIOSH  (Ex.  4-02)  and 
EPA  (Ex.  8-619),  cadmium  exposures 
ranging  from  5  to  10  mg/m3  over  15  to 
120  minute  periods  were  sufficient  to 
induce  significant  increases  in  lung 
weights  indicative  of  pulmonary  edema. 
Also,  rats  exposed  to  cadmium  aerosol 
at  60  mg/m3  for  30  minutes  died  within  3 
days  from  pulmonary  edema  (Ex.  8-402). 
Multiple  experimental  studies  confirm 
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these  findings  of  acute  pulmonary 
effects.  In  addition,  animals  injected 
with  cadmium  compounds  have 
exhibited  acute  effects  in  the  testes, 
ovaries,  liver  and  blood  (Exs.  8-420,  8- 
86B,  8-370,  and  8-668). 

2.  Renal  Effects 

a.  Evidence  in  humans — introduction. 
The  human  kidney  is  afiltration 
mechanism  for  the  blood.  It  has  three 
major  functions  that  are  vital  to 
maintaining  normal  health:  Removing 
wastes;  preventing  leakage  of  essential 
elements  and  chemical  compounds  from 
the  body;  and  providing  homeostasis. 
According  to  Robert  A.  Goyer,  M.D., 
Professor  and  Chairman  of  the 
Department  of  Pathology  at  the 
University  of  Western  Ontario, 
Chairperson  of  the  World  Health 
Organization  (WHO)  Task  Force  on 
Environmental  Health  Criteria  for 
Cadmium  in  1989  and  coauthor  of  the 
WHO  Environmental  Health  Criteria 
Document  on  Nephrotoxicity  (1989), 
these: 

*  *  *  are  the  ones  by  which  we  measure  the 
health  of  the  kidney  and  the  health  of  the 
person  *  *  *.  (Tr.  6/6/90,  p.  123.) 

The  kidney  cortex  including  the 
nephrons  is  the  anatomic  division  of  the 
kidney  of  most  concern  when 
considering  cadmium’s  toxicity.  Each 
nephron  is  a  functional  filtration  unit  of 
the  kidney  and  is  composed  of  glomeruli 
and  tubuli.  Each  glomerulus  is  a 
collecting  system  made  up  of  capillaries 
that  filter  the  blood  and  prevent  leakage 
of  all  large  particles  with  a  molecular 
weight  greater  than  30,000.  The 
molecular  weight  of  a  molecule  is  the 
weight  that  is  equal  to  the  sum  of  the 
atomic  weights  of  its  constituent  atoms. 
Normally,  as  blood  passes  through  the 
kidney,  high  molecular  weight  proteins 
such  as  albumin,  immunoglobulin  G,  and 
a  variety  of  glycoproteins  do  not  cross 
an  intact  glomerular  basement 
membrane  into  the  kidney  tubule.  The 
function  of  the  proximal  tubule  is  to 
filler  out  small  organic  compounds. 
These  include  essential  electrolytes, 
metals,  and  elements  that  are  essential 
to  life,  such  as  calcium,  potassium, 
sodium,  and  magnesium,  among  others. 
The  size  of  low  molecular  weight 
proteins  and  small  essential  compounds 
allows  them  to  cross  an  intact 
glomerular  basement  membrane  into  the 
kidney  tubule  where  they  are  routinely 
reabsorbed  by  the  proximal  tubule  of 
the  nephron.  Only  very  small  quantities 
of  these  are  excreted  in  the  urine. 

Further  down  the  tubule,  in  the  distal 
portion,  water  balance  is  adjusted  and 
urine  is  either  concentrated  or  diluted. 
There  are  very  fine  capillaries  along  the 


tubule  for  the  exchange  of  essential 
substances  between  the  blood  and  the 
urine.  It  is  in  the  tubule  that  the  cells  are 
most  active  metabolically  and  where 
most  of  the  electrolyte  exchange  occurs. 
For  example,  the  biologically  active 
metabolites  of  vitamin  D  are  produced 
primarily  in  the  tubules,  and  altered 
vitamin  D  metabolism  may  result  from 
cadmium-associated  renal  tubular 
dysfunction  (Ex.  8-086). 

The  earliest  form  of  cadmium  toxicity 
occurs  in  the  proximal  portion  of  the 
tubule.  According  to  Dr.  Friberg: 

The  first  sign  of  cadmium  induced  renal 
damage  is  tubular  proteinuria  with  increased 
urinary  excretion  of  low  molecular  weight 
serum  proteins,  such  as  beta-2  microglobulin 
*  *  \  At  the  same  time  there  is  a  dramatic 
increase  of  cadmium  in  the  urine  *  *  *.  (Tr. 
6/8/90,  p.  72) 

Any  of  several  small  proteins  in  urine 
may  be  monitored  as  markers  of  kidney 
function:  Retinol  Binding  Protein  (RBP), 
Beta-2-Microglobulin  (/Ja-M),  N-Acetyl- 
/JD-Glucosaminidase  (NAG),  and 
Metallothionein  (MT).  In  the  absence  of 
elevated  levels  of  these  analytes,  the 
kidney  is  considered  to  be  functioning 
normally. 

Retinol  Binding  Protein  (RBP)  is  a  low- 
molecular  weight  vitamin  A  transporting 
protein  which  is  cleared  from  serum  into 
glomerular  filtrate  and  resorbed  into 
renal  tubular  cells.  fit-M  is  a  low 
molecular  weight  protein  that  is 
normally  reabsorbed  by  the  proximal 
tubule.  Metallothionein  (MT)  is  a  metal¬ 
binding  protein  that  correlates  with 
cadmium  and  fit-M  levels.  N-Acetyl-/3D- 
Glucosaminidase  (NAG)  is  an  analyte 
that  may  correlate  well  with  cadmium 
levels  under  10  micrograms  per  gram 
creatinine  (pg/g  Cr)  (Ex.  30),  but  this 
finding  is  disputed  (Ex.  148). 

Only  fit-M  is  widely  used  as  an  early 
indicator  of  cadmium-induced  kidney 
dysfunction.  Carl-Gustav  Elinder,  M.D., 
Chairman  of  the  Department  of 
Nephrology  at  the  Karolinska  Institute, 
testified  that  measurements  of  /^-M  in 
urine  constitute  a  very  sensitive 
indicator  of  tubular  damage.  This  is 
because  a  small  decrease  in  tubular 
reabsorption  from  the  normal  99.9%  to 
99%  would  result  in  a  tenfold  increase  in 
the  urinary  excretion  of  this  protein  (Ex. 
55). 

Dr.  Kazantzis,  testifying  for  the 
Cadmium  Council,  stated  that  the 
earliest  indicator  of  any  effect  of 
cadmium  on  the  kidneyS s  the  increased 
excretion  in  the  urine  of  a  number  of 
low  molecular  weight  plasma  proteins, 
and  that  this  effect  can  be  monitored  by 
estimating  the  fit- M  or  RBP 
concentrations  in  the  urine  (Ex.  19-43A). 


As  indicated  by  Drs.  Friberg  and 
Goyer,  the  finding  of  excess  fit-M 
proteins  in  urine  in  conjunction  with 
findings  of  an  elevated  cadmium  body 
burden,  as  indicated  by  elevated  levels 
of  cadmium  in  urine  (CdU)  and  cadmium 
in  blood  (CdB),  helps  establish  that 
kidney  disease  exists  and  that  it  is 
probably  associated  with  cadmium 
toxicity.  For  example,  Dr.  Goyer 
testified  that  if  both  fit-M  is  below  300 
pg/g  Cr  and  CdU  is  below  2  pg/g  Cr, 
workers  are  likely  to  have  no  damage. 
Glomerular  proteinuria,  another  form  of 
cadmium-related  kidney  dysfunction, 
refers  to  the  presence  of  high  molecular 
weight  proteins  in  the  urine  due  to  the 
increased  permeability  of  the  glomerulus 
(a  “leaky"  glomerulus)  which  allows  the 
passage  of  the  high  molecular  weight 
proteins  into  the  proximal  tubule.  When 
high  molecular  weight  proteins  are  not 
reabsorbed  by  the  proximal  tubule,  the 
proteins  are  excreted  in  the  urine. 
Glomerular  proteinuria  is  considered  to 
be  a  clinically  significant  form  of  kidney 
dysfunction  that  differs  from  tubular 
proteinuria  (Exs.  8-086b,  p.  63,  4-54).  In 
some  cases,  glomerular  and  tubular 
damage  can  occur  at  the  same  time 
resulting  in  a  mixed  type  of  proteinuria. 

The  concept  of  a  “critical 
concentration”  of  cadmium  in  the 
kidney  has  been  used  repeatedly 
throughout  the  medical  literature  on 
cadmium-induced  kidney  dysfunction.  A 
critical  concentration  is  a  threshold 
which  when  crossed  leads  to  adverse 
health  effects.  When  the  concentration 
of  cadmium  in  the  kidney  exceeds  the 
critical  concentration,  the  effects  of 
cadmium-induced  kidney  dysfunction 
start  to  occur  in  individuals  (Ex.  144-3- 
C). 

Dr.  Goyer  testified  that  according  to 
his  review  of  the  literature,  there  is  a: 

*  *  *  commonly  coded  critical  concentration 
of  cadmium  for  people  for  the  so-called 
[population  critical-concentration],  where  50 
percent  of  the  working  population  that  has  a 
kidney  concentration  of  200  micrograms  per 
gram  of  tissue  would  have  detectable  renal 
disease.  And  this  seems  to  be  about  the  same 
level  in  rats  *  *  *  in  people  there’s  a  much 
wider  variation  in  what  that  level  *  *  * 
because  there  are  people  with  different  states 
of  ability  to  make  metallothioneine  and 
different  essential  iron  intakes  *  *  *  the 
variations  that  are  reported  by  Roels  and  by 
Ellis  in  their  human  studies  by  neutron 
activation  are  from  one  to  300  or  more 
micrograms  *  *  *.”(Tr.  6/8/90,  pp.  130-131) 

Despite  individual  variability,  the 
concept  of  an  individual's  critical 
concentration  of  cadmium  in  the  kidney 
has  been  well  established.  There  is 
general  agreement  that  the  critical 
concentration  in  the  renal  cortex  is 
about  200  pg/g  of  kidney  cortex  wet 
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weight.  On  the  basis  of  autopsy  studies, 
the  WHO  task  group  concluded  that  the 
critical  level  in  the  renal  cortex 
necessary  for  the  appearance  of 
proteinuria  ranged  from  100  to  300  fig 
cadmium  (Cd)  with  the  likely  estimate 
being  200  fig  Cd/g  wet  weight,  or  200 
mg/kg,  (Exs.  4-12, 8-440).  Similarly,  a 
review  of  autopsies  and  in  vivo 
measurements,  made  through  neutron 
activation  analysis  of  human  kidney 
tissues,  showed  that  adverse  effects  first 
occur  in  the  range  of  170  to  200  fig  Cd/g 
wet  weight  (Ex.  8-086b,  p.  99).  Roels  et 
al.,  concluded  that  the  "critical 
concentration"  for  renal  cadmium  cortex 
is  found  in  the  range  160  to  285  fig  Cd/g. 
Above  285  fig  Cd/g  renal  cortex,  the 
probability  is  very  high  that  all  persons 
will  show  signs  of  renal  dysfunction  (Ex. 
57-K).  In  animals,  the  concentration  of 
cadmium  in  the  renal  cortex  at  which 
dysfunction  first  appears  ranges  from 
100  to  300  fig  Cd/g  wet  weight,  with 
most  species  showing  proteinuria  at  200 
fig  Cd/g  (Ex.  8-086b,  p.  97).  According  to 
Clarkson  et  al.,: 

*  *  *  the  critical  concentration  of  cadmium 
in  renal  cortex  for  a  substantial  (but 
unspecified)  proportion  of  an  exposed  group 
of  individuals  has  been  estimated  to  be 
around  200  (fiK/g)  mg/kg  (1.78  mmol/kg)  both 
in  animals  and  in  humans  *  *  *.  Calculations 
for  humans  based  on  in  vivo  neutron 
activation  analyses  *  *  *  [indicate]  that 
about  10  percent  of  a  population  develops 
renal  effects  at  concentrations  of  Cd  in 
kidney  cortex  lower  than  200  mg/kg  wet 
weight  *  *  *  (Ex.  14-18,  p.  157). 

In  a  study  by  Ellis  (Ex.  4-27),  the 
cadmium  body  burden  for  each  worker 
was  determined  through  the  direct 
measurement  of  the  level  of  cadmium  in 
the  kidneys  of  workers  with  and  without 
kidney  damage.  As  noted  by  C.H.  Hine, 
M.D.,  Medical  Director  of  ASARCO,  this 
technique,  however,  is  "not  of  practical 
use”  for  routine  monitoring  ( Ex.  107).  A 
simpler,  more  commonly  used  method  to 
evaluate  whether  a  worker  has 
approached  this  individual  “critical 
concentration”  is  to  use  cumulative 
exposure  to  cadmium  as  a  proxy  for 
concentration  of  cadmium  in  the  kidney 
corte*.  Cadmium  exposure  histories  and 
personal  sampling  data  can  be  used  to 
calculate  a  cumulative  exposure  level, 
as  was  done  for  members  of  the  Ellis 
cohort.  Despite  the  uncertainty  inherent 
in  estimating  cumulative  exposures  from 
work  histories,  Ellis  found  a  significant 
correlation  between  exposure  and 
cadmium  body  burden  as  measured  in 
the  liver  and  the  kidney. 

b.  Review  of  the  literature.  The 
authors  of  at  least  seven  studies 
including  Ellis  sought  to  examine  the 
relationship  between  cumulative 
cadmium  exposure  and  kidney 


dysfunction.  Rather  than  relate  the 
concentration  of  cadmium  in  the  kidney 
cortex  to  incidence  of  tubular 
proteinuria,  these  authors  related 
cumulative  cadmium  exposure  to 
incidence  of  tubular  proteinuria. 
Exposures  and  responses  in  all  seven 
studies  have  been  well  characterized. 

The  seven  major  studies  reviewed  in 
depth  below  are:  Kjellstrom  et  al.  (Ex.  4- 
47);  Falck  et  al.,  (Ex.  4-28);  Ellis  et  al., 

(Ex.  4-27);  Jarup  et  al.,  (Ex.  8-661); 

Elinder  et  al.,  (Ex.  L-140-45);  Mason  et 
al.,  (Ex.  8-669-A);  and,  Thun  et  al.,  (Ex. 
8-870).  The  data  from  these  studies 
provide  strong  evidence  that 
occupational  exposures  to  all  forms  of 
cadmium  are  associated  with  kidney 
damage  at  similar  cumulative  exposure 
levels. 

The  seven  primary  studies  cover  five 
populations  of  cadmium-exposed 
workers.  Excesses  of  low  molecular 
weight  proteins  in  urine  were  observed 
in  all  of  these  occupationally  exposed 
populations.  In  each  of  these  studies,  the 
authors  defined  kidney  dysfunction  on 
the  basis  of  biological  markers  prior  to 
collecting  and  analyzing  the  data,  and 
response  was  a  dichotomous  variable 
with  workers  separated  into  two 
categories:  those  with  abnormal  kidney 
function  (i.e.  dysfunction)  and  those 
with  normal  kidney  function. 

The  findings  of  each  study  are 
dependent  on  the  manner  in  which  each 
researcher  defined  renal  dysfunction; 
the  tests  used  to  identify  the  presence  or 
absence  of  dysfunction;  and  the 
reference  methodology  used  by  each 
laboratory.  In  general,  few  studies  of 
kidney  function  among  occupationally 
exposed  cohorts  have  relied  upon  RBP, 
NAG,  or  MT.  Of  the  seven  major 
epidemiological  studies  reviewed  here, 
only  one  (Mason  et  al,  Ex.  8-669-A) 
relied  upon  RBP  as  a  marker  of  kidney 
function.  In  Mason’s  study,  /fe-M  was 
also  measured.  In  the  other  six  studies, 
fo-M  was  the  analyte  used  to  distinguish 
between  normal  and  abnormal  kidney 
function. 

The  results  from  the  studies  are 
strikingly  similar.  The  authors  found 
that  the  type  of  abnormality  and  the 
prevalence  of  abnormality  was  similar, 
at  similar  exposure  levels,  regardless  of 
the  type  of  cadmium  compound  to  which 
workers  were  exposed.  These  results, 
from  difference  worker  populations  in 
different  countries,  demonstrate  that  the 
kidney  is  one  of  the  major  target  organs 
of  cadmium  toxicity.  The  studies  also 
imply  that  theres^a^reement  on  what 
constitutes  abnormality. 

i.  Kjellstrom  et  al.  (Ex.  4-47). 
Kjellstrom  conducted  a  study  of  kidney 
dysfunction  among  240  workers  in  a 
Swedish  battery  factory.  The  cohort  was 


comprised  of  197  men  and  43  women. 

The  factory  had  two  separate  plants:  the 
material  plant  that  manufactured  raw 
material  for  the  battery  electrodes  and 
the  assembly  plant  that  made  the 
complete  electrodes  and  batteries.  The 
primary  exposures  at  the  factory  were  to 
cadmium  oxide  (CdO)  dust  and  nickel 
hydroxide  [Ni(OH)s]  dust.  A  group  of  87 
lumbermen  and  shipyard  workers 
belonging  to  the  same  occupational 
health  clinic  served  as  controls. 

A  spot  urine  sample  was  collected 
from  each  study  participant,  and  the  pH 
and  specific  gravity  were  immediately 
determined.  Twenty  of  327  urine 
samples  collected  for  the  dose-response 
study  had  pH  <5.6  and  had  to  be 
buffered  with  a  phosphate  buffer  with 
pH  of  7.6  to  increase  the  pH  over  this 
level.  Then  the  samples  were  frozen.  /?2- 
M  in  urine  was  measured  using  the 
Phadebas  &-M  microtest  from 
Pharmacia. 

Kidney  dysfunction  was  determined 
by  the  level  of  /fc-M  in  urine  because 
increased  urinary  excretion  of  /k-M 
would  be  caused  by  cadmium,  not  nickel 
hydroxide  dust  exposures  (Friberg,  1950, 
referenced  in  Kjellstrom).  Kjellstrom 
classified  a  worker  as  having  abnormal 
proteinuria  if  the  level  of  /fc-M  exceeded 
290  pg/liter,  the  upper  95%  tolerance 
limit  for  the  control  population.  Among 
men  in  the  assembly  plant,  25% 
exceeded  this  limit,  a  significantly 
higher  proportion  than  the  3.4%  of 
controls  who  exceeded  this  limit 
(p<0.001).  The  proportion  of  men  in  the 
material  plant  who  exceeded  the  limit 
was  50%,  also  statistically  significantly 
greater  than  the  proportion  in  the 
control  group  (p<0.001).  Among  women, 
only  2.3%  of  those  in  the  assembly  plant 
exceeded  the  limit. 

Exposure  estimates  based  on  area 
samples  were  provided  by  the  battery 
factory  management  for  the  years  1949 
to  1972.  Kjellstrom  estimated  that 
cadmium  exposures  in  the  assembly 
plant  had  been  about  50  fig/m3  since 
1963.  Area  and  personal  air  sampling 
data  in  the  material  plant  were  sparse. 
The  first  data  available  were  from  1968 
when  two  area  samplers  found  cadmium 
exposures  to  be  7  and  31  j*g  Cd/m3. 
Some  personal  sampling  data  were  also 
available  from  1972.  Information  on  the 
continuity  of  exposure,  time  of  first 
employment,  and  exposure  duration  was 
provided  by  the  safety  engineer  of  the 
factory. 

Workers  were  classified  into  four 
categories  according  to  exposure 
histories.  The  non-exposed  group 
consisted  of  six  workers  who  worked  on 
the  premises  of  the  plant  but  were  found 
to  have  virtually  no  exposure  to 
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cadmium.  The  intermittently  exposed 
group  consisted  of  forty-nine  workers. 
Finally,  there  were  two  groups  of 
workers  who  had  spent  time  in  jobs 
where  exposure  to  cadmium  was 
continuous.  These  two  groups  were 
comprised  of  15  workers  from  the 
material  plant  and  170  workers  from  the 
assembly  plant. 

The  185  people  in  the  continuously 
exposed  groups  were  the  primary 
subjects  of  this  study.  Nine  of  these 
workers  were  from  Yugoslavia.  Their 
results  were  analyzed  separately  from 
the  other  exposed  workers  because  in 
some  part6  of  Yugoslavia,  Bulgaria,  and 
Rumania,  tubular  proteinuria  is  endemic 
(Balkan  nephropathy).  Forty-eight 
workers  (26%)  had  started  employment 
in  1974,  three  years  before  this  study 
was  conducted.  Fifty-two  workers  (28%) 
had  been  employed  since  before  1952. 
The  majority  of  these  52  had  been 
moved  to  “cadmium-free”  work  before 
the  study  was  conducted. 

Workers  exposed  continuously  to 
cadmium  at  levels  of  50  pg/m*  for  6  to  12 

jars  showed  a  higher  prevalence  of 
proteinuria  than  controls  (19%  vs.  3.4%). 
For  the  continuously  exposed  groups, 
prevalence  of  proteinuria  increased  with 
length  of  time  since  first  employment; 
the  prevalence  was  6.2%,  18%,  and  57% 
among  workers  with  less  than  6  years  ,  6 
to  22  years,  and  greater  than  22  years  of 
exposure,  respectively. 


Using  data  on  129  exposed  workers 
who  responded  to  a  smoking 
questionnaire  and  for  whom  /fc-M  levels 
and  length  of  employment  information 
was  available,  the  effects  of  smoking  on 
kidney  function  were  evaluated.  The 
prevalence  of  proteinuria  among  non- 
smokers  was  13.3  percent,  while  among 
current  smokers  it  was  32.4  percent. 

Thus,  the  prevalence  of  kidney 
dysfunction  among  current  smokers  was 
about  two  and  one-half  times  higher 
than  among  non-smokers.  The  authors 
noted  that  the  total  dust  concentrations 
in  workroom  air  may  have  been  high 
enough  to  cause  substantial 
contamination  of  the  workers'  hands 
and  bodies,  and  that  tobacco  products 
contaminated  by  a  worker's  hands  could 
account  for  the  higher  prevalence  of 
tubular  proteinuria  among  smokers.  The 
authors'  conclusion  that  the  increased 
incidence  of  dysfunction  among  smokers 
was  not  attributable  to  the  cigarettes 
themselves  is  supported  by  findings 
from  the  Falck  study,  (Ex.  4-28), 
described  below. 

ii.  Falck  et  al.  (Ex.  4-26).  Falck  studied 
33  male  workers  in  a  refrigeration 
compressor  plant  in  the  U.S.  The  plant 
produced  refrigeration  compressors  with 
silver  brazed  copper  fittings.  These 
fittings  were  brazed  either  by  hand  or 
on  an  automated  line.  Falck  reported 
that  according  to  plant  managers, 
neither  process  has  changed  since  the 
automatic  assembly  line  was  installed  in 


1968.  Air  monitoring  data  for  this  plant 
had  been  collected  by  the  Michigan 
Department  of  Industrial  Health  since 
1961.  All  samples  used  for  estimating 
exposures  for  individual  workers  were 
from  the  worker's  breathing  zone.  The 
mean  calculated  exposure  on  the 
automatic  line  for  an  11  year  period  was 
39  pg/m3-  ±7.8  (SE).  Mean  exposures  on 
the  manual  line,  110  pg/*-  ±25.5  (SE), 
were  significantly  higher. 

Work  histories  were  obtained  for  each 
subject  participating  in  the  study,  and 
time  on  each  of  the  production  lines  was 
calculated  for  each  worker.  Cumulative 
cadmium  exposure  was  calculated  for 
each  worker  by  multiplying  the  mean 
cadmium  exposure  of  a  line  with  the 
number  of  years  a  worker  spent  on  that 
line. 

A  spot  urine  sample  was  collected  for 
each  worker,  and  an  aliquot  of  urine 
was  analyzed  for  /3*-M.  The  pH  was 
recorded  and  adjusted  above  5.5  where 
necessary.  All  samples  were  then 
frozen.  &-M  in  urine  was  measured 
using  the  Phadebas  microtest  by 
Pharmacia.  Blood  samples  were 
collected,  and  blood  and  urine  cadmium 
levels  were  measured  using  a  flameless 
atomic  absorption  spectrophotometer 
(Varian).  Three  workers  had  histories  of 
diabetes,  kidney  infection,  or 
hypertension  and  were  eliminated  from 
the  statistical  analyses.  Descriptive 
statistics  on  the  workers  are  presented 
in  Table  V-l. 


Table  V-1  .—Descriptive  Statistics  for  a  Cohort  of  30  Employees  at  a  Refrigeration  Compressor  Production  Plant  ■ 


Normal  kidney 
function  mean 
(95%  Cl)  * 

Abnormal  kidney 
function  mean  (95% 
Cl) 

P 

Value' 

N 

23 

7 

Age  (years) .  . 

49  (47.  51) 
459  (332,  634) 
14  (9,  19) 

53  (51.  55) 
1137  (741,  1737) 

.13 

TWE  4  Oig/m3  years) . . . 

.02 

Smoking  Habits  (pack-years) . 

24  (14.  34) 

.07 

Urine  Ratios 

Protein/Creatinine  (mg/g) . : 

34  (26,  43) 
53(31,90) 
11  (10,  13) 

246  (132,  456) 
6375  (1115,  36463) 

<.001 

/ii-Microglobulin/G-eafcnine  (ji/g)  * . . . . . . . . . 

<.001 

Cadmium/Creatinine  (iig/g)„ . . . . . . . 

16  (8.  36) 

0.07 

Serum  Ratios 

Creatinine /Serum  (mg/IOOml) . 

1.1  (1.  1.2) 
2(1.6,  2.4) 

1.4  (1.2,  1.1.7) 

0.003 

/3i-MicroglobuBn/Serum  0tg/ml) . . . . 

2  3  (1.8.  2.8) 

0.32 

*  Data  taken  from  Falck  et  al  (Ex.  4-28). 

*  Mean  and  95%  confidence  intervals  are  presented.  Means  for  age  and  smoking  habits  are  arithmetic  means;  all  others  are  geometric  means.  Confidence 
intervals  are  constructed  from  anthmetic  standard  deviations  for  age  and  smoking;  at!  others  are  from  the  geometric  standard  deviations. 

1  P-value  is  associated  with  a  test  of  differences  between  group  means. 

4  Time-weighted  inhalation  exposure  estimate  (i.e.  dose). 

*  )3,-Mic.'ogtooiiiin  measured  in  urine,  based  on  spot  samples. 


Forty-one  males  who  were  not  known 
to  be  exposed  to  cadmium  were  selected 
to  serve  as  controls.  Reference  values 
calculated  from  the  spot  urine  and 
serum  samples  collected  from  the 
controls,  were  established  at:  glucose 


>130  mg/g  Cr;  total  protein  >173  mg/g 
Cr;  or  /32-M  >629  pg/g  Cr.  Eight 
workers’  results  exceeded  the  reference 
values,  and  for  these  eight,  a  24  hour 
urine  sample  was  obtained.  Reference 
values  for  24  hour  samples  were 


established  at  glucose  >250  vagi 24  hour; 
total  protein  >188  mg/24  hour;  or  /3*-M 
>400  pg/iiter  urine  from  24  hour 
samples  from  7  controls. 

Seven  workers  out  of  33  were  found  to 
have  abnormal  kidney  function  (21%). 
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This  was  significantly  higher  than  the 
7%  of  controls  who  had  abnormal  spot 
urine  results.  The  average  cumulative 
time-weighted  exposure  for  workers 
with  abnormal  renal  function  was  1,137 
pg/m3-yrs,  significantly  higher  than  the 
average  cumulative  time-weighted 
exposure  of  workers  with  normal  renal 
function  (p=.02).  Furthermore,  as 
cumulative  exposures  increased,  the 
prevalence  of  kidney  dysfunction 
increased. 

According  to  the  authors,  the  change 
in  renal  function  observed  in  the 
workers  was  not  age  related  since  there 
was  no  statistically  significant 
difference  in  age  between  workers  with 
abnormal  and  normal  renal  function 
(p=.13).  Information  on  smoking  habits 
was  collected  from  questionnaires  and 
medical  histories.  The  authors  found 
that  the  difference  in  pack-years  smoked 


between  the  workers  with  abnormal  and 
normal  renal  function  was  also  not 
statistically  significant  (p=.07).  Despite 
this  the  authors  stated  that  ingestion  of 
cadmium  was  not  likely  to  be  significant 
given  the  manufacturing  process  and 
plant  layout.  If  Kjellstrom's  hypothesis 
that  contamination  of  smoking  products 
was  a  likely  explanation  of  increased 
proteinuria  among  smokers  in  his  study, 
it  would  explain  why  no  differences 
were  noted  in  renal  function  between 
smokers  and  non-smokers  in  this  study 
by  Falck. 

iii.  Ellis  et  al.  (Ex.  4-27).  Ellis 
conducted  a  study  of  82  male  workers  at 
a  U.S.  cadmium  smelter.  The  cohort  was 
comprised  of  51  active  workers  and  31 
retired  workers  employed  in  production, 
non-production,  office,  and  laboratory 
work.  Each  cohort  member  completed  a 
health  history  questionnaire,  took  a 


physical  exam,  gave  specimens  for 
blood  and  urine  tests,  and  provided  24- 
hour  urine  samples.  Urine  samples  were 
pH  adjusted  and  frozen.  Kidney  function 
was  judged  to  be  abnormal  if  urinary 
levels  of  /32-M  exceeded  200  pg/g  Cr  or 
if  total  urinary  protein  levels  exceeded 
250  mg/g  Cr.  These  limits  were  chosen 
to  comply  with  those  reported  by  Roels 
et  al.  (Ex.  57-K).  In  addition,  the 
cadmium  content  of  the  left  kidney  and 
the  liver  was  measured  directly  by  the 
in  vivo  prompt-gamma  neutron 
activation  technique.  Information  on 
smoking  habits  was  not  available. 

Eighteen  active  workers  (35%)  and 
twenty-three  retired  workers  (74%)  were 
classified  as  having  abnormal  kidney 
function.  Descriptive  statistics  for  the 
entire  cohort  are  presented  in  Table  V- 
2. 


Table  V-2.— Descriptive  Statistics  for  a  Cohort  of  82  Active  and  Retired  Cadmium  Smelter  Employees  • 


Normal 
kidney 
function 
mean  (SD)  * 

Abnormal 
kidney 
function 
mean  (SD) 

Active  Workers 

N . 

33 

42.6  (13.3) 
141  (118) 
105  (9.0) 
125  (2.8) 
11.3  (2.8) 

18 

53.6  (6.8) 
264  (105) 
1690  (2.7) 
230  (2.0) 
63.9  (1.5) 

Age  (years) .  . 

Duration  of  Exposure  (months) . 

TWE  *  (ji.g/m3-years) . 

Renal  Cadmium  *  (pg/g) .  . 

Liver  Cadmium  (ppm) . 

Retired  Workers 


8 

23 

69.0  (8.3) 

67.9  (6  9) 

342  (75) 

329  (103) 

379  (3.3) 

3143  (3  6) 

148  (2.1) 

169  (1.7) 

14.0  (3.1) 

33.6  (2  9) 

N . . . . 

Age  (years) - - 

Duration  of  Exposure  (months) . 

TWE e  (pg/m^-years)  — . 

Renal  Cadmium  *  (pg/g) . 

Liver  Cadmium  (ppm) . 


*  Data  taken  from  Ellis  et  al  (Ex.  4-27). 

*  Mean  (Standard  Deviation)  presented.  Means  and  SDs  for  age  and  duration  of  exposure  are  arithmetic  means  and  SDs.  All  others  are  geometric  means  and 
SDs. 

1  Time-weighted  inhalation  exposure  estimate  (i.e.  dose)  „ 

"Renal  cortex  cadmium  concentration;  assumes  145  g  weight  for  the  total  kidney  and  a  1.5  ratio  between  cortex  and  total  kidney  concentration. 


Cadmium  exposure  histories  based  on 
employment  records,  area  monitoring 
techniques,  and  personal  sampling  data 
were  obtained  for  all  82  exposed 
workers.  The  chronological  record  of 
each  worker’s  job  assignments  was 
obtained  from  personnel  files  at  the 
smelter.  Cumulative  exposure  estimates 
were  developed  for  each  member  of  the 
cohort  from  industrial  hygiene  data 
provided  by  Smith  (Ex.  4-84).  That  is,  for 
each  worker,  the  time-weighted 
inhalation  exposure  (TWE)  was 
calculated  by  multiplying  the  duration  of 
exposure  in  a  given  work  area  (tj  by  the 
estimated  inhalation  exposure  for  that 
area  and  year  (E,)  and  then  summing 
these  values  to  obtain  cumulative 
exposure  or 


TWE=I  (E,T,). 

For  the  actively  employed  workers,  a 
significant  correlation  (r=0.70,  p<0.0Ql) 
was  observed  between  TWEs  and  liver 
cadmium  burden.  Furthermore, 
whenever  a  worker’s  liver  burden 
exceeded  40  ppm  and  exposure 
exceeded  400-500  jig/m3-yr,  there  was 
evidence  of  renal  abnormalities.  The 
highest  correlation  was  obtained 
between  the  kidney  cadmium  burden 
data  and  TWEs  for  the  active  workers 
without  evidence  of  kidney  dysfunction 
(r=0.83,  p<0.001).  The  percentage  of 
workers  with  renal  abnormalities  was 
found  to  increase  as  exposure  increased. 
(See  Section  VI — Quantitative  Risk 
Assessment.) 


iv.  Jarup  et  al  (Ex.  8-661).  Jarup  sought 
to  model  the  relationship  between 
cadmium  exposure  and  tubular 
proteinuria.  The  Swedish  battery  factory 
where  Jarup  conducted  his  investigation 
was  the  same  as  where  Kjellstrom 
conducted  his  study  of  cadmium 
exposure  and  kidney  dysfunction.  Jarup 
collected  data  from  326  male  and  114 
female  cadmium  battery  workers  with  at 
least  three  months  of  employment 
between  1931  and  1982.  The  only  other 
criterion  for  being  included  in  the  study 
was  that  at  least  one  measurement  of 
urinary  /32-M  must  had  been  made  for 
each  worker. 

The  response  variable  used  in  this 
study  was  &-M  levels  in  urine.  /32-M  in 
urine  was  measured  using  the 
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radioimmunoassay  (RIA)  method. 
Phadebas,  developed  by  Pharmacia. 

Since  /Jj-M  levels  had  been  measured 
since  1972,  the  fc-M  level  for  any 
worker  was  taken  as  the  average  of  all 
/J2-M  levels  measurements  made  for  that 
worker.  Workers  with  &-M  levels 
exceeding  310  fig/ g  Cr  were  judged  to 
have  tubular  proteinuria. 

Jarup  considered  three  distinct 
measures  of  exposure  in  his  analysis. 
First,  he  considered  cadmium  in  air 
which  had  been  measured  since  1947. 
Using  information  on  length  of 
employment  obtained  from  company 
files  for  each  worker,  Jarup  estimated 
cumulative  cadmium  dose  by 
multiplying  the  length  employment  in  a 
particular  work  area  by  the  average  air 
concentration  of  cadmium  for  that  area 
and  time  period  and  then  summing  the 
product  of  these  for  each  worker. 

The  second  measure  of  exposure 
considered  by  Jarup  was  cumulative 
blood  cadmium  dose.  Data  on  blood 
cadmium  levels  together  with  other 
laboratory  data  had  been  collected  at 
regular  intervals  since  1967.  Cumulative 
blood  cadmium  dose  was  estimated  as 
the  average  blood  cadmium 
concentration  times  the  times  the 
number  of  months  employed. 

The  final  measure  of  exposure 
considered  by  Jarup  was  an  alternative 
method  for  calculating  cumulative  blood 
cadmium  dose.  The  study  authors 
hypothesized  that  because  air  cadmium 
concentrations  were  much  higher  in  the 
1940's  and  1950's,  workers  hired  before 
1967,  particularly  these  hired  before 
1950,  would  have  had  higher  blood 
cadmium  concentrations  during  those 
periods,  and  therefore  simply 
multiplying  average  blood  cadmium 
concentrations  by  number  of  months 
employed  might  underestimate  the  true 
cumulative  blood  cadmium 
concentrations.  The  alternative  measure 
the  study  authors  devised  was  to  use 
linear  regression  to  model  the 
relationship  between  year  and  blood 
cadmium  levels  for  each  worker  and 
then  to  extend  the  observed  relationship 
to  the  years  for  which  there  was  no 
data.  Forty  workers  show  evidence  of 
tubular  proteinuria.  The  results  of 
Jarup's  analyses  indicated  that  a  dose- 
response  relationship  exists  between 
kidney  dysfunction  and  exposure 
regardless  of  the  measure  of  exposure 
used,  but  they  also  suggested  that 
cumulative  blood  cadmium  level  may  be 
a  more  sensitive  indicator  of  cadmium- 
induced  renal  dysfunction  than 
cumulative  cadmium  in  air.  Table  V-3 
shows  the  prevalence  of  tubular 
proteinuria  among  workers  grouped 
according  to  cumulative  airborne 


cadmium  exposure  and  cumulative 
cadmium  exposures  in  blood  estimated 
using  the  alternative  method. 

Table  V-3.— Cumulative  Airborne 
Cadmium  Exposures  by  Percent 
Prevalence  of  Kidney  Dysfunction 


Cumlative 
exposure 
(CumExpXfxg/ 
m ‘-years) 

Mean 
Cum  Exp 

Number 

people 

Percent 

dysfunc¬ 

tion1 

<359 . 

131 

3 

1.1 

.359- <1,710 . 

691 

7 

9.2 

1,710-<4,578.... 

3,460 

10 

23.3 

4,578-  <9,458.  J 

6,581 

10 

32.3 

9,458- <15.000., 

12.156 

5 

31.2 

<15,000 _ 

21,431 

5 

50.0 

1  Percent  dysfunction  =  number  with  dysfunction 
divided  by  number  in  that  exposure  category  times 
100. 


In  his  paper,  Jarup  noted  that  on  the 
basis  of  data  from  other  studies  of  the 
relationship  between  cadmium  in  air 
and  kidney  dysfunction,  it  has  been 
estimated  that  exposure  to  an  average 
workroom  concentration  of  50  pg  Cd/m3 
for  10  years  would  result  in  a  prevalence 
of  tubular  proteinuria  of  10%.  The 
corresponding  prevalence  found  in 
Jarup’s  study  is  only  4%,  (95%  CI=2%- 
8%),  which  is  also  somewhat  less  than 
the  prevalence  reported  by  Kjellstrom  in 
an  earlier  study  of  the  same  factory  (Ex. 
4-47).  Jarup  suggests  several  possible 
explanations  for  why  the  prevalence  of 
tubular  proteinuria  is  lower  in  his  study 
than  in  the  others. 

First,  the  earlier  studies  were  all 
cro6s-sectional  meaning  that  only 
workers  employed  at  a  certain  point  in 
time  were  included.  This  study  by  Jarup 
included  all  workers  employed  for  more 
than  three  months  at  the  factory. 
Computation  of  the  cumulative  airborne 
cadmium  concentration  took  into 
account  the  varying  exposure  conditions 
over  time,  and  the  study  included 
workers  with  low  cumulative  exposures. 
In  addition,  this  study  had  more 
information  about  the  prevalence  of 
kidney  dysfunction  among  the  retired 
workers,  although  data  on  the  retired 
workers  were  not  evaluated  separately. 

Second,  the  other  studies  were 
relatively  small  while  the  Jarup  study  is 
one  of  the  largest.  This  means  that  the 
confidence  intervals  computed  for  the 
prevalence  observed  in  the  other  studies 
must  be  wide.  According  to  Jarup,  the 
consequence  of  this  is  that  even  if  the 
variations  may  seem  great  between  the 
various  studies,  there  are  probably  no 
significant  differences  between  the 
dose-response  relationships  reported  in 
the  various  studies. 

Third,  the  Jarup  study  was  conducted 
in  a  battery  factory  whereas  most  other 
studies  were  carried  out  in  other 


industrial  environments,  such  as 
smelters,  where  the  fraction  of 
respirable  dust  is  probably  significantly 
larger.  Jarup  suggested  that  this  might 
affect  the  results  of  his  study.  However, 
given  that  there  are  probably  no 
significant  differences  between  the 
dose-response  relationships  reported  in 
the  various  studies,  the  effect  of  particle 
size  distributions  may  be  a  relatively 
unimportant  factor  in  the  etiology  of 
kidney  dysfunction. 

Another  factor  that  may  have  affected 
the  /?2-M  levels  among  these  workers  is 
the  method  used  to  collect  and  handle 
urine  samples.  The  authors  did  not 
report  whether  the  samples  were  spot  or 
24  hour  samples,  or  what  the  urine  pH 
was  per  /3t-M  sample.  If  urine  samples 
were  collected  over  a  24  hour  period 
with  pH  less  than  8.0,  it  is  more  likely 
that  the  &-M  would  have  been 
degraded  and  erroneously  low  /32-M 
levels  would  have  resulted.  If  spot 
samples  were  used  and  pH  was  not 
adjusted,  then  /32-M  would  also  have 
been  degraded. 

Dr.  Gunnar  Spang,  who  works  for  a 
medical  organization  providing 
occupational  health  services  to  a  large 
Swedish  NiCd  battery  manufacturer  and 
who  was  a  co-author  of  this  study, 
testified  at  the  hearing.  He  submitted 
post-hearing  comments  on  the  number  of 
cases,  per  cumulative  exposure 
category,  that,  in  his  opinion,  were  cases 
associated  with  cadmium  exposures 
(Exs.  58  and  80).  His  comments  alter  the 
findings  somewhat.  (See  Table  V-4.) 


Table  V-4.— Cumulative  Airborne 
Cadmium  Exposures  of  Percent 
Prevalence  of  Kidney  Dysfunction 


Cumulative 

exposure 

(CumExpXw)/ 

m*-yrs) 

Mean 
euro  exp 

Number 

people 

Percent 
dysfunc¬ 
tion  * 

<359 . 

131 

0 

0 

0359-<  1.710™.. 

691 

2 

2.6 

1,710-<4,578.... 

3,460 

9 

20.9 

4,578- <9.458.... 

6,581 

9 

29.0 

9,458- <15,000., 

12.156 

5 

31.2 

>15,000 . 

21,431 

5 

50.0 

‘Percent  dysfunction  =  number  with  dysfunction 
divided  by  number  in  that  exposure  category  times 
100 


He  stated  that  in  the  lowest  dose 
group  with  mean  dose  =131  pg/m*-yrs, 
no  cases  were  cadmium-related.  Thus, 
the  response  rate  in  this  group  would  be 
zero,  as  opposed  to  1.1%  reported  by 
Jarup  et  a!.  For  the  remaining  dose 
groups,  the  response  rates  would  be  as 
follows:  2.6%  for  the  group  with  mean 
dose =691  pg/m3-yrs;  20.9%  for  the  group 
with  mean  dose =3460  pg/m3-yre;  29% 
for  the  group  with  mean  dose  =6581; 
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31.2%  for  die  group  with  mean 
dose  = 12158;  and  50%  for  the  group  with 
mean  dose  =  21431.  Thus,  according  to 
Dr.  Spang,  a  dose-response  still  exists, 
but  the  dose-response  curve  is  less  steep 
than  the  curve  described  by  }anip.  Also, 
according  to  Dr.  Spang,  for  a  45  year 
exposure  of  about  77  jig/m3,  one-fifth  of 
all  workers  would  have  tubular 
proteinuria.  However,  for  workers  with 
about  15  p-g/m3  exposures,  over  a  45 
year  working  lifetime,  the  prevalence  of 
kidney  dysfunction  would  be  about 
2.6%,  according  to  Dr.  Spang,  as  opposed 
to  9.2%,  indicated  by  Jarup.  Dr.  Spang 
testified  that  several  workers  in  this 
plant  had  kidney  stones,  but  he  was 
unable  to  determine  whether  the 
prevalence  was  greater  than  that  in  the 
general  population  (Tr.  7/17/90,  p.  217). 

In  summary,  workers  with  tubular 
proteinuria  had  a  proportionately  higher 
serial  CdB  dose  than  their  fellow 
workers  without  renal  dysfunction  but 
with  the  same  cumulative  air  cadmium 
dose.  Some  workers  will  be  more 
sensitive  than  others,  i.e.,  their  cadmium 
uptake  will  be  greater  than  other 
workers,  and,  at  lower  exposures,  will 
have  tubular  proteinuria.  (See  section 
VI — Quantitative  Risk  Assessment). 

v.  Elinder  et  ai,  (Ex.  L-140-45). 

Elinder  conducted  a  study  of  58  male 
and  2  female  cadmium-exposed  workers 
employed  at  least  five  years  before  1978 
at  a  factory  that  produced  coolers, 
radiators,  and  heat  exchangers  in 
Sweden.  The  plant  began  using 
cadmium  containing  solders  in  1955,  but 
the  plant  was  demolished  and  a  new 
plant  was  constructed  in  1973.  By  1978, 
the  whole  workplace  had  been  seriously 
contaminated  and  had  to  be  repainted 
and  renovated  to  reduce  the  cadmium 
exposures  at  the  workplace.  Since  1978, 
no  cadmium-containing  products  have 
been  used  in  this  plant.  No  exposure 
data  from  the  plant  were  available 
before  1976. 

/32-M  in  urine  was  measured  using  a 
radioimmunoassay  (RLA)  method, 
Phadebas,  developed  by  Pharmacia.  The 
night  before  the  health  examination 
each  person  was  asked  to  ingest  about 
four  grams  of  sodium  bicarbonate 
(Samarin®).  This  was  done  in  order  to 
produce  a  pH  exceeding  5.6  in  the 
morning  urine  sample  the  next  day 
because  /32-M  is  degraded  in  acidic 
urine. 

No  control  group  was  included; 
according  to  Elinder  the  normal 
concentration  of  cadmium  and  /32-M  in 
urine  and  blood  has  been  well 
documented.  Based  on  the  literature  the 
authors  selected  300  /ig/g  Cr,  the  upper 
95 — 97.5  percentile  for  the  urinary 
excretion  of  fh-M  among  persons 


without  tubular  dysfunction,  as  the 
upper  limit  of  normal. 

Each  individual’ 3  exposure  to 
cadmium  was  assessed  by  a  group  of 
four  people  (one  representative  from  the 
company,  one  from  the  employees,  and 
two  from  the  local  labor  inspectorate) 
who  had  knowledge  of  the  previous 
conditions  in  the  plant  and  of  the  type  of 
work  carried  out  by  each  worker  during 
the  whole  period  when  cadmium  was  in 
use. 

Exposure  was  classified  into  four 
categories;  high,  medium,  low,  and  no 
cadmium  exposure.  Before  1955  and 
after  1978  there  was  no  exposure  to 
cadmium  at  all  Based  on  the 
measurements  in  1976,  it  was  assumed 
that  high,  medium,  and  low  exposure 
was  about  0.5,  0.15,  and  0.05  mg/m3, 
respectively.  The  number  of  years  each 
worker  had  been  occupied  in  activities 
that  gave  high,  medium,  low,  or  no 
exposure  were  recorded.  A  cumulative 
dose  was  estimated  for  each  worker 
expressed  in  milligrams  of  per  cubic 
meter-years  (mg/m3-yr). 

Elinder  categorized  renal  dysfunction 
based  upon  &-M  levels  into  "slight 
proteinuria"  (/32-M>300  p,g/g  Cr)  or 
“pronounced  proteinuria”  (&-M 
levels  >1,000  pg/g  Cr).  He  then  used 
these  two  categories  of  degree  of  kidney 
dysfunction  to  evaluate  the  relationship 
between  years  of  exposure  and 
prevalence  of  /Efe-microglobulinuria. 
Results  from  this  analysis,  presented  in 
Table  V-5,  indicate  that  as  years  of 
exposure  increase,  the  prevalence  of 
slight  and  more  pronounced  proteinuria 
increases. 


Table  V-5.— Prevalence  of  /32-Microg- 
lobuun  in  Relation  to  Years  of 
Cadmium  Exposure 


Years  of  exposure 

Slight 

proteinuria  'No. 
(percent) 2 

Pronounced 
proteinuria  3 
No. 

(percent) 4 

4  to  7 . . 

1  (6) 

0(0) 

8  to  13. . . . . 

6  (46) 

3  (23) 

14  to  19 . 

6  (46) 

5  (38) 

>20 . 

11  (65) 

6(35) 

All . . . . 

24  (40) 

14(23) 

1  Number  of  people  in  that  category;  fit>  300  hq/ 
g  Cr<1000  fig/g  Cr. 

2  Percent  is  the  number  of  cases  of  slight  protein¬ 
uria  divided  by  the  total  number  of  people  with  the 
corresponding  number  of  years  of  exposure. 

3  Number  of  people  in  that  category;  &>  1000 
pg/flCr. 

4  Percent  is  the  number  of  cases  of  more  pro¬ 
nounced  proteinuria  divided  by  the  total  number  of 
people  with  the  corresponding  number  of  years  of 
exposure. 

Source:  Elinder  et  al..  (Ex.  L-140-45). 

When  cadmium  in  urine  and 
proteinuria  were  evaluated,  a  close 
relationship  was  found.  At  a  urinary 
cadmium  excretion  exceeding  10  pg/g 


Cr  the  proportion  of  cases  of  /32-m 
excretion  exceeding  300  pg/g  Cr  (slight 
proteinuria)  was  88%  and  the  proportion 
exceeding  1000  pg/g  Cr  (pronounced 
proteinuria)  was  75%. 

Elinder  evaluated  the  relationship 
between  age  and  years  of  exposure.  The 
prevalence  of  /32-microglobulinuria  (/3a- 
M)  was  increased  in  workers  aged  over 
59,  suggesting  that  age  was  a  potential 
confounder  in  the  assessment  of  the 
relationship  between  dose  and  response. 
To  examine  the  role  of  age  in  this 
relationship  Elinder  fit  a  multiple 
regression  model  relating  urinary  /?2-M 
excretion  to  age  and  cumulative  dose 
using  the  model: 

log(/32-M)  =  [a  x  age]  +  (b  X 
cumulative  dosej-|-[c].  Elinder 
concluded  that  dose  was  related  to  /J2- 
M-U,  whereas  age  was  not.  In  further 
analysis,  when  workers  over  age  59 
were  excluded,  the  prevalence  of  /32- 
microglobulinuria  still  increased  with 
the  number  of  years  of  exposure,  with 
the  estimated  cumulative  dose,  and 
urinary  cadmium.  Thus,  Elinder 
concluded  that  age  is  not  an  important 
confounding  factor  in  this  study. 

Degree  of  kidney  dysfunction  was 
also  related  to  cumulative  cadmium 
exposure  and  to  CdU.  Table  V-6  shows 
that  for  cumulative  cadmium  exposure, 
the  prevalence  of  slight  and  more 
pronounced  proteinuria  both  increase  as 
exposure  increases.  Indeed,  Table  V-6 
suggests  that  there  is  a  19%  risk  of 
developing  tubular  proteinuria  (urinary 
&>  300  M/g  Cr)  at  a  cumulative 
cadmium  dose  of  less  than 
approximately  22  pg/m3over  a  45  year 
working  lifetime  (1  mg/m33/45 
years  =  22.2  pg/ra3.)  If  exposures  are 
between  22  and  44  pg/m3  over  a  45  year 
exposure  period,  this  risk  increases  to 
32%. 


Table  V-6.— Prevalence  of  ^-Micro- 
globulin  in  Relation  to  Cumulative 
Cadmium  Exposure 


Cum  exposure  (mg/ 
m3-yrs) 

Slight 

proteinuria* 

No. 

(percent) 2 

More 

pronounced 
proteinuria  3 
No. 

(percent) 4 

<1—. . 

3(19) 

0(0) 

1  to  <2 - - — 

7(32) 

4(18) 

2  to  <3 _ _ 

4(44) 

3  (33) 

3  to  <5 . . . 

<5  (62) 

4(50) 

%  _ _ - . 

5(100) 

3  (60) 

All . 

24  (40) 

j 

14(23) 

1  Number  of  people  in  that  category;  fit  >300  pg/ 
g  Cr  <1000  p.g/g  Cr. 

2  Percent  is  the  number  of  cases  of  slight  protein¬ 
uria  divided  by  the  total  number  of  people  with  the 
corresponding  level  of  cumulative  exposure. 

3  Number  of  people  in  tnat  category;  02>1OOO 

^4  Percent  is  the  number  of  cases  of  more  pro¬ 
nounced  proteinuria  dmaed  by  the  total  number  of 
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people  with  the  corresponding  level  of  cumulative 
exposure. 

Source:  Elinder  et  al.,  (Ex.  L-140-45). 

Finally,  Table  V-7  shows  that  for 
CdU,  like  age  and  cumulative  cadmium 
exposure,  the  prevalence  of  slight  and 
more  pronounced  proteinuria  both 
increase  as  CdU  increases.  Table  V-7 
indicates  that  CdU  above  15  pg  Cd/g  Ci 
are  associated  with  very  high  risks  of 
kidney  dysfunction  (82%  for  /J2-M  levels 
above  1,000).  (For  further  discussion  of 
this  study  see  Section  VI — Quantitative 
Risk  Assessment). 

Table  V-7.— Prevalence  of  /32-Micro- 
globuun  in  Relation  to  Cadmium 
Levels  in  Urine 


CdU  (tig/gCr) 

Slight 

proteinuria  1 
No. 

(percent)  * 

More 

pronounced 
proteinuria  3 
No. 

(percent) 4 

<2.1 . . . . 

1  (7) 
3(25) 
6(33) 
4(80) 
10  (91) 
24  (40) 

0(0) 
0(0) 
2(11) 
3  (60) 
9  (82) 
14(23) 

2.1  to  <5.1 . . 

5.1  to  <  10.1 . 

10.1  to  <15  .1 . 

>15.1 . . . . 

All . . . 

1  Number  of  people  in  that  category;  >  300  fig/ 
g  Cr  <1000  fig/g  Cr. 

1  Percent  is  the  number  of  cases  of  slight  protein¬ 
uria  divided  by  the  total  number  of  people  with 
corresponding  feve's  of  CdU. 

8  Number  of  people  in  that  category;  /3i>1000 
,ig/c;Cr 

*  Percent  is  the  number  of  cases  of  more  pro¬ 
nounced  proteinuria  divided  by  the  total  number  of 
people  with  corresponding  levels  of  CdU. 

Source:  Elinder  et  al..  (Ex.  L-140-45). 

vi.  Mason  et  al.  (Ex.  8-669-A).  Mason 
conducted  a  detailed  investigation  of 
renal  function  among  75  male  workers 
with  at  least  one  year  of  employment  as 
cadmium  brazers  at  a  copper-cadmium 
alloy  production  facility  in  the  U.K. 
Seventy-five  unexposed  workers, 
matched  to  the  exposed  workers  on  age, 
sex,  and  employment  status,  served  as 
controls.  Although  not  individually 
matched  for  smoking  history,  the 
proportion  of  current,  former,  and  non- 
smokers  was  similar  among  the  exposed 
and  the  controls  as  was  the  number  of 
pack-years  smoked.  Only  11  exposed 
workers  were  employed  in  the 
production  of  alloy  at  the  time  of  the 
study;  for  many  of  the  exposed  workers, 
occupational  exposure  had  ceased  some 
years  before  the  study  was  undertaken. 

The  medical  evaluation  for  both 
groups  of  workers  included  a 
questionnaire,  a  medical  examination, 
blood  and  urine  analyses,  and  in  vivo 
measurements  of  kidney  and  liver 
cadmium  levels  by  prompt-gamma 
neutron  activation.  Retinol  binding 


protein  (RBP)  was  measured  using  die 
enzyme  linked  immunosorbent  assay 
(ELISA)  and  fit-M  was  measured  with  a 
Phadebas  /3*-M  microtest  kit  by 
Pharmacia. 

Measurements  of  cadmium  in  air  of 
the  factory  had  been  taken  between 
1951  and  1983.  Personal  and  area 
sampling  data  were  available  from  1964 
to  1983.  Pre-1964  exposures  were 
estimated  after  discussion  with 
occupational  health  physicians, 
occupational  hygienists,  representatives 
from  management  and  the  work  force, 
and  took  into  account  changes  in 
production  and  ventilation. 
Questionnaires  and  plant  data  were 
used  to  obtain  each  worker's  exposure 
history.  A  cumulative  exposure  index 
was  calculated  by  summing  the  products 
of  length  of  time  employed  at  a 
particular  exposure  level  multiplied  by 
exposure  level. 

Significant  increases  in  the  urinary 
excretion  of  albumin,  RBP,  /J2-M,  N- 
acetyl-/3D-glucosaminidase  (NAG), 
alkaline  phosphatase,  gamma-glutamyl 
transferase,  and  significant  decreases  in 
the  renal  reabsorption  of  calcium,  urate, 
and  phosphate  were  found  in  the 
exposed  group  compared  with  the 
referent  group.  Measures  of  glomerular 
filtration  rate  (GFR)  creatinine 
clearance,  serum  creatinine,  and  /ia-M 
indicated  a  reduction  in  GFR  in  the 
exposed  population.  Many  of  these 
tubular  and  glomerular  function 
indicators  were  significantly  correlated 
with  both  cumulative  exposure  index 
and  liver  cadmium  burden. 

RBP  was  the  biological  marker  chosen 
to  measure  renal  function.  RBP  was  not 
age-related  in  the  unexposed  population. 
The  upper  95th  percentile  for  urinary  BP 
calculated  for  the  unexposed  population, 
40  pg/mmol  Cr  or  356  pg/g  Cr,  was  the 
level  used  to  define  workers  with 
tubular  proteinuria.  The  frequency  of 
tubular  proteinuria  in  exposed  workers, 
grouped  according  to  a  cumulative 
exposure  index,  is  presented  in  Table 
V-8. 


Table  V-8.— Prevalence  of  Kidney 
Dysfunction  by  Cumulative  Cadmi¬ 
um  Exposure 


Cumula¬ 
tive 
expo¬ 
sure  1 

Number 
normal  * 

Number 
abnormal  * 

Percent 

abnormal 

«500 . 

96 

5 

4.9 

>500 

to 

.1000- 

14 

0 

0.0 

Table  V-8.— Prevalence  of  Kidney 
Dysfunction  by  Cumulative  Cadmi¬ 
um  Exposure— Continued 


Cumula¬ 
tive 
expo¬ 
sure  1 

Number 
normal  * 

Number 
abnormal  * 

Percent 

abnormal 

>1000 

to 

«1500.. 

3 

5 

625 

>1500.... 

4 

20 

83.3 

1  Cumulative  Exposure  measured  in  iig/m’-year. 

1  Normal  measured  by  Retinol  Binding  Protein 
(RBP) <40  fig  RBP/mmoi  Cr. 

3  Abnormal  measured  by  Retinol  Binding  Protein 
(RBP) >40  fig  RBP/mmoi  Cr. 

Mason  used  a  two  phase  linear 
regression  model  to  regress  a  variety  of 
biochemical  markers  on  cumulative 
cadmium  exposure  and  on  liver 
cadmium  in  order  to  identify  an 
inflection  point  signifying  a  threshold 
level  above  which  change®  in  renal 
function  occur.  (The  appropriateness  of 
this  and  other  models  is  discussed 
further  in  Section  VI — Quantitative  Risk 
Assessment.)  Urinary  total  protein, 
retinol  binding  protein,  albumin,  and  /J2- 
M  all  suggested  a  threshold  at  about  the 
same  cumulative  exposure  level  of  1100 
pg/m*-yrs  whereas  changes  in  the 
tubular  reabsorption  of  urate  and 
phosphate  suggested  a  higher 
cumulative  exposure  threshold. 

In  1991,  Hartley  and  Mason  1991  (Ex 
150)  extended  the  Mason  study  to 
include  a  follow-up  analysis  of  the 
effects  of  cadmium  exposure  on  changes 
in  glomerular  filtration  rate  (GFR).  In 
this  paper,  recently  submitted  for 
publication,  six  indicators  of  glomerular 
function  were  evaluated.  These  included 
three  glomerular  filtration  variables,  (/32- 
M  in  serum,  creatinine  in  serum,  and 
creatinine  clearance),  and  three 
different  estimates  of  creatinine 
clearance.  The  exposed  population  was 
split  into  five  groups  of  approximately 
equal  size  on  the  basis  of  cumulative 
cadmium  exposure:  0-250  p.g/m3-yrs, 
500-1000  p,g/m3-yrs,  1000-3300  pg/m3- 
yrs  and  greater  than  3300  p.g/m3-yrs.  The 
one-sided  95%  interval  in  the  referent 
population  was  used  as  the  cut-off  point 
for  normal  or  abnormal  results  with 
respect  to  each  glomerular  filtration 
variable.  For  those  variables  correlated 
to  age,  the  equation  representing  the  95% 
one-tailed  prediction  boundaries  of 
regression  with  age  was  used  to  indicate 
normality  or  abnormality.  Thus  a  5% 
frequency  of  abnormality  would  be 
expected  in  the  referent  population.  The 
results  are  presented  in  Table  V-9. 
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Table  V-9— Frequency  of  Abnormality  for  Glomerular  Filtration  Variables  Percent  Abnormality  by  Type  of  GFR 

Indicator 


Cum.  Exp.  pg/m*-yrs 


Control _ 

<250 _ _ _. 

250  to  500 _ 

500  to  1000 _ 

1000  to  3300 _ 

>3300 _ 


Cr  .  S 

Cra 

Gault 

Hull 

5 

5 

3 

3 

6 

6 

— 

6 

22 

22 

14 

8 

24 

28 

18 

12 

54 

32 

46 

40 

Dose-response  and  dose-effect 
relationships  were  observed  over  the 
range  of  exposures  encountered,  with  a 
significant  decrease  in  GFR  at  cadmium 
exposures  greater  than  1000  pg/m3-yrs. 
The  results  show  a  trend  towards 
increasing  abnormality  in  the  six 
indicators  of  GFR  used,  with  exposure 
to  cadmium  of  greater  than  500  pg/m3- 
yrs. 

vii.  Thun  et  ah,  (Ex.  19-43-B).  Thun 
conducted  a  study  of  kidney  function 
among  workers  at  a  cadmium  smelter  in 
Denver,  Colorado.  The  smelter  recovers 
cadmium  from  “bag  house”  dust,  a 
waste  product  of  nonferrous  smelters. 
The  cadmium  from  the  bag  house  dust  is 
further  refined  into  cadmium  metal  or 
highly  purified  cadmium  oxide  and 
cadmium  sulfide.  Forty-five  male 
workers  participated  in  the  study. 
Seventeen  of  these  were  production 
workers  and  two  were  salaried  workers 
employed  at  the  smelter  at  the  time  of 
the  study.  Of  the  remaining  26, 18  were 
former  long-term  production  workers 
and  8  were  former  short-term  production 
workers.  Thirty-two  male  hospital 
workers  of  similar  age,  ethnic  and 
geographic  background  served  as 
controls. 

To  estimate  each  worker’s  cumulative 
exposure  to  airborne  cadmium,  detailed 


work  histories  were  linked  with 
industrial  hygiene  data  collected 
through  1976  and  updated  company 
measurements  through  1985.  The  length 
of  time  spent  working  in  a  particular 
department  was  multiplied  by  the 
estimated  cadmium  exposure  level  in 
that  department.  The  sum  of  these 
products  represents  the  worker’s 
cumulative  exposure  or  dose,  adjusted 
for  respirator  use  as  described  by  Smith 
(Ex.  4-64).  Workers  at  this  smelter  were 
subjects  in  a  number  of  studies  of  the 
health  effects  of  cadmium,  and  a  more 
detailed  description  of  their  exposures 
may  be  found  in  the  discussion  of  the 
carcinogenicity  of  cadmium  in  the 
Health  Effects  section  of  this  preamble. 

Workers  were  required  to  fill  out  a 
questionnaire,  provide  spot  urine  and 
blood  samples,  and  take  a  pulmonary 
function  test.  Fewer  cadmium  workers 
smoked  than  did  controls  (38%  vs.  44%, 
p=0.6),  and  of  those  who  smoked,  the 
workers  reported  smoking  fewer  pack- 
years  than  the  controls  (14.6  vs.  22.1, 
p=0.29).  Indices  of  renal  tubular 
function  included  urinary  excretion  of 
/Sr-M,  retinol  binding  protein  (RBP), 
calcium,  and  phosphate.  Additional 
analyses  for  evidence  of  tubular  injury 
and  glomerular  function  rate  (GFR)  were 
performed.  Urinary  /fe-M  was  measured 


by  the  radioimmune  assay  (Pharmacia), 
and  in  order  to  standardize  for  urine 
volume,  results  were  corrected  to 
microgram  of  analyte  per  gram  of 
creatinine.  Level  of  lead  in  blood  were 
also  measured.  Urine  pH  levels  were  not 
reported. 

Workers  were  classified  as  having 
abnormal  renal  function  if  any  of  the 
following  conditions  were  met:  /J?-M 
>486  pg/gr  cr;  serum  creatinine  >1.4 
mg/dl;  RBP  >321  pg/g  Cr  tubular 
reabsorption  of  phosphate  (TRP) 

<69.4%;  or,  tubular  reabsorption  of 
calcium  (TRC)  <97.56%.  The  limits  for 
TRP  and  TRC  are  the  lower  95% 
confidence  level  on  the  geometric  mean 
of  these  markers  estimated  from  the 
control  population.  The  limits  for  &-M, 
RBP,  and  creatinine  are  the  upper  95% 
confidence  level  on  the  geometric  mean 
of  these  markers  estimated  from  the 
control  population.  Thun  found  that  24 
of  the  45  study  subjects  (53%)  suffered 
some  form  of  renal  abnormality.  In 
addition,  Thun  reported  that  two  of  32 
controls  (6%)  were  abnormal  by  this 
definition  (personal  communication,  11/ 
91).  The  results  from  this  study  are  in 
Table  V-10. 


Table  V-10.— Seventy-seven  Participants,  Cadmium  Smelter  Study  1 


7.9±2.0  1.2±2.0  <0.0001 

93±6.9  Q.7±0.7  <0.0001 

470(4.4)  190  (1.6)  0.0001 

266  (7.3)  88  (1.9)  0.0012 

134  (1.14)  120  (1.14)  0.0004 

80  (1 .13)  73(1.13)  C.0C2 

11.9±1.8  8.3±14  0.0013 


1  Exs.  8-670  and  19-43-B 

*  Converted  to  pg/ma-years,  (Thun,  Ex.  03),  by  multiplying  mg/m*  by  1000  and  dividing  365,  or  (604  times  1000  divided  by  365=1655  divided  by  45  =  36.8) 
1,655  mj/ra*- years;  or  36.8  pg/m*  lor  45  years. 


Cadmium 

Workers 

Unexposed 

45 

32 

54.4  ±15.5 

50.H- 13.0 

58% 

16% 

38% 

44% 

14.6  (19.8) 

22.1  (29.4) 

19  (1-33) 

0 

604  (0-5383) 

0 

7.9  ±2.0 

1.2±2.0 

93±6.9 

0l7±0.7 

470  (4.4) 

190  (1.6) 

266  (7.3) 

88(1.9) 

134  (1.14) 

120  (1.14) 

80  (1 .13) 

73  (1.13) 

11.9±1.8 

8.3±1.4 
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Several  medical  conditions  were 
reported  more  frequently  by  the 
cadmium  workers  than  by  the  controls 
including  kidney  stones  (18%  vs.  3%. 
p  =  .07),  prostatic  disease  (20%  vs.  6%. 
p  =  .09),  diabetes  (18%  vs.  3%,  p=.07), 
and  hypertension  (38%  vs.  16%,  p=.03). 

The  relationship  between  cumulative 
exposure  and  the  prevalence  of  various 
renal  abnormalities  was  examined,  and 
a  dose-response  relationship  was 
observed.  The  prevalence  of 
abnormalities  increased  with  cumulative 
exposure  to  cadmium  with  multiple 
renal  abnormalities  becoming  apparent 
in  persons  with  cumulative  exposure  > 
300  mg/m3-day  (or  822  pg/m3-yrs  which 
is  equivalent  to  an  exposure  of  18  pg/m* * 
over  a  45  year  working  lifetime).  (See 
Section  VI — Quantitative  Risk 
Assessment). 

viiL  Summary.  A  summary  of  the 
major  findings  from  these  seven  studies 
follows.  For  cumulative  exposures  up  to 
500  pg/m3-yrs,  the  prevalence  of  kidney 
dysfunction  ranged  from  4%  to  32%;  for 
cumulative  exposures  above  500  to  1,000 
pg/m3-yrs,  the  prevalence  of  kidney 
dysfunction  ranged  from  9%  to  66%;  and 
for  cumulative  exposures  above  1,000 
pg/m3-yrs,  the  prevalence  of  kidney 
dysfunction  ranged  from  21%  to  55%. 

Taken  together,  the  data  from  the 
seven  studies  would  seem  to  refute  the 
position  of  a  number  of  commentors 


regarding  what  level  of  airborne 
cadmium  represents  a  “safe"  level.  For 
example.  Dr.  Kazantzis  has  stated  that 
exposure  to  20  to  30  pg/m3  of  cadmium 
for  8  hours  per  day  for  45  years  (900  to 
1350  pg/m3-yrs)  is  the  no-observed- 
effect  level  for  kidney  effects  (Ex.  19- 
43A).  On  behalf  of  the  Cadmium 
Council.  Dr.  Spang  testified  that  workers 
will  not  have  renal  dysfunction  if  their 
cumulative  cadmium  exposures  are  up 
to  900  pg/m3-years  (which  is  equivalent 
to  20  pg/m3  for  45  years).  Dr.  Spang 
cited  Sweden's  standard  of  20  pg/m3  for 
respirable  cadmium  as  adequate  to 
prevent  kidney  dysfunction  (Tr.  7/17/90, 
p.  217).  Dr.  Bond,  who  directs  the 
medical  surveillance  program  of  two 
cadmium  compound  manufacturers  in 
the  United  States,  questioned  the  results 
from  studies  that  show  dysfunction  at 
relatively  low  cadmium  exposures.  He 
did  not  agree  with  the  definition  of 
pathology  used  in  these  studies.  Dr. 

Bond  stated  that  a  20  pg/m3  PEL  would 
be  reasonable  and  would  not  result  in 
significant  renal  disease  (Ex.  119). 

Despite  the  opinions  of  these 
eminently  qualified  physicians,  other 
record  evidence  indicates  that  the 
exposure  level  which  they  propose  as 
“safe",  20  pg/m3  for  45  years,  (900  pg / 
m3-years)  would  result  in  a  high 
prevalence  of  kidney  dysfunction,  in 
excess  of  10%  (Exs.  L-140-50;  4-47;  4-27; 


L-140-45).  OSHA  also  notes  that  the 
Swedish  physician  Dr.  Elinder  stated 
that  the  proposed  OSHA  regulations 
were  better  than  the  present  regulations 
in  Sweden  (Ex.  55).  Finally,  while  the 
Agency  acknowledges  Dr.  Bond’s 
objection  to  the  definition  of  pathology 
used  in  these  studies,  OSHA  is 
impressed  by  the  consistency  of  the 
definition  of  pathology  used  by  the 
various  researchers  in  their  studies 
which  have  been  published  in  peer- 
reviewed  journals. 

Drs.  Thun,  Elinder,  and  Friberg 
reviewed  these  seven  occupational 
studies  together  and  concluded  that  the 
studies  could  be  compared  and  pooled 
despite  the  fact  that  they  varied  in  size, 
in  criteria  used  to  define  kidney 
dysfunction,  and  in  the  amount  of 
available  exposure  information.  Pooling 
the  data  from  the  seven  studies  allowed 
the  authors  to  obtain  an  estimate  of  the 
prevalence  of  dysfunction  among 
workers  with  low  cadmium  exposures. 
In  most  of  the  studies,  the  number  of 
workers  with  small  exposures  was  too 
small  to  obtain  a  reliable  estimate  of 
prevalence,  and  therefore  these  workers 
had  to  be  combined  with  workers  with 
higher  levels  of  exposure. 

Results  from  the  pooled  analysis  are 
presented  in  Table  V-ll. 


Table  V-1 1  .—Occupational  Studies  Relating  Kidney  Dysfunction  to  Cumulative  Exposure  to  Cadmium 


Study 


Ellis,  1985 _ 

Thun.  1889 _ 

Faick,  1983 . 

KjeHstrom,  1977 _ 

Jarup,  1988 _ 

Elinder,  1985 _ 

Mason.  1988 _ 

Pooled  Data  (%) 


Prevalence  *  at  exposures  * 


N 

100  to  199 

200  to  299 

300  to  399 

400  to  499 

82 

0/3 

0/3 

2/3 

45 

0/2 

0/4 

0/2 

0/1 

33 

1/3 

1/2 

0/7 

*  240 

440 

1/110 

1/35 

1/25 

0/20 

60 

0/2 

0/1 

75 

2/10 

0/6 

0/8 

1/2 

* 

2.4% 

4.2% 

4.8% 

8.8% 

50). 


1  Source:  Thun.  M.J..  Elinder.  C.G.,  Friberg,  L.  “Scientific  Basis  for  an  Occupational  Standard  for  Cadmium,"  Am.  J.  Ind.  Med.,  20:  629-642,  1991,  (Ex  L-140- 

*  Prevalence = number  diagnosed  as  having  kidney  dysfunction  in  a  specific  exposure  category  compared  the  total  number  of  workers  in  that  exposure  category. 

*  Exposures=ln  units  of  pgCd/m3-years. 

*  Included  in  Jarup. 


The  prevalence  of  kidney  dysfunction 
among  workers  with  cumulative 
exposures  between  100-199  pg/m3-yrs 
was  2.4%.  For  workers  with  exposures 
between  200-299  p.g/m3-yrs,  the 
prevalence  was  4.2%.  For  workers  with 
cumulative  exposures  between  300-399 
pg/m3-yrs,  the  prevalence  was  4.8%.  For 
workers  with  cumulative  exposures 
between  400-499  pg/m3-yrs,  the 
prevalence  was  8.8%. 

Thun  et  al.  also  plotted  the  observed 
prevalence  from  each  of  the  seven 
studies  by  cumulative  exposure.  The 


data  show  a  similar  pattern  between 
dose  and  response  for  each  of  these 
studies.  The  prevalence  of  kidney 
dysfunction  increased  sharply  at 
cumulative  exposures  above  500  pg/m3- 
yrs.  In  all  of  the  studies  except  Jarup,  the 
prevalence  of  kidney  dysfunction  was 
about  10%  when  the  cumulative 
exposures  reached  about  450  pg/m3-yrs. 

c.  Other  studies.  Not  all  of  the 
epidemiological  studies  on  the  renal 
effects  cadmium  that  were  submitted  to 
the  record  had  large  enough  cohorts  or 
adequate  dose  data  to  assess  the 


relationship  between  exposure  and 
dysfunction.  Nonetheless,  these  studies 
are  useful  for  assessing  the  relationship 
between  a  variety  of  biological  markers 
and  kidney  dysfunction.  Specifically, 
these  studies  can  be  used  to  assess  the 
efficacy  of  a  variety  of  biological 
markers  as  a  determinant  of  the  critical 
concentration  of  cadmium  which 
induces  kidney  dysfunction. 

i.  The  NIOSH  Health  Hazard 
Evaluation  of  Gates  Nickel-Cadmium 
Battery  Plant  (Ex.  128).  The  National 
Institute  of  Occupational  Safety  and 
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Health  (NIOSH)  conducted  two  medical 
surveys  of  workers  exposed  to  nickel 
and  cadmium  dusts  in  a  nickel-cadmium 
battery  plant  in  the  U.S.  The  first  survey 
was  done  in  February  1989  and  was 
completed  by  39  male  workers  in  the 
plate-making  and  pressed  plate  areas  of 
the  plant  where  there  is  potential  for 
exposure  to  high  levels  of  cadmium.  A 
group  of  36  males,  selected  by  the 
company  and  thought  to  have  no 
cadmium  exposure,  served  as  controls. 
The  second  survey  was  done  in  October 
1989  and  was  complete  by  91  workers  in 
areas  with  either  low  or  high  exposure 
to  cadmium  but  minimal  exposure  to 
nickel. 

Both  studies  entailed  administration 
of  a  questionnaire;  measurement  of 
height,  weight,  and  blood  pressure;  and 
collection  of  first-voided  morning  urine 
samples  and  fasting  serum  samples.  The 
questionnaire  collected  information 
about  age,  history  of  diabetes, 
hypertension,  smoking,  non-steroidal 
anti-inflammation  drug  use,  and 
previous  occupational  exposures  to 
cadmium,  lead,  and  solvents.  No 
information  was  provided  on  the  pH  of 
the  urine  samples  or  on  how  the  urine 
samples  were  collected  and  handled. 

In  the  first  survey,  the  biologic  makers 
selected  to  assess  renal  function 
included  urinary  phosphorous,  /32-M  and 
RBP  which  were  creatinine-standardized 
to  adjust  for  variations  in  urine 
concentrations.  Levels  were  considered 
abnormally  high  if  they  exceeded  the 
arithmetic  mean  level  plus  two  standard 
deviations  in  the  unexposed  population, 
standardized  for  creatinine. 

The  biologic  markers  used  in  the 
second  survey  were  similar  to  those 
used  in  the  first  survey  except  that 
urinary  excretion  of  &-M  was  not 
measured.  Other  indices  of  renal  tubular 
function  used  in  the  second  survey 
included  urinary  excretion  of  calcium 
and  glucose.  The  laboratory  reference 
values  for  normal  limits  of  /32-M  and 
total  protein  were  urinary  /32-M  <  300 
fig/liter  and  total  protein  <135  mg/1.  For 
RBP  the  reference  values  were  less  clear 
and  covered  a  wide  range  of  levels,  e.g. 
urinary  RBP  <30-190  p.g/1  or  0-406  pg/1. 

Exposure  data  which  were  provided 
by  the  company  were  noted  by  NIOSH 
to  raise  several  questions.  One  of  these 
was  whether  exposures,  which  were 
reported  as  8-hour  TWAs,  truly 
represented  8-hour  TWAs.  The  company 
reported  to  NIOSH  that  in  order  to 
compensate  for  their  normal  12-hour 
workshifts,  the  company  modified  the 
OSHA  PEL  by  reducing  it  by  33  percent. 
Another  problem  was  that  because  of  a 
lack  of  consistent  workstation 
terminology,  considerable  manual 
compilation  of  the  computerized  data 


was  necessary  in  order  to  reconstruct 
each  worker’s  exposure  history.  Finally, 
NIOSH  believed  that  actual  work 
practices  may  have  differed  from  those 
reported  on  the  printouts. 

No  consistent  differences  in  urinary 
proteins  between  the  cadmium-exposed 
group  and  the  non-exposed  group  were 
observed  in  either  survey.  Furthermore, 
cumulative  airborne  cadmium  levels  as 
calculated  from  the  exposure  data 
provided  by  the  company  did  not  show 
a  significant  relationship  with  any 
measure  of  renal  function  used  in  this 
investigation.  In  both  surveys,  however, 
the  analysis  of  cadmium-exposed 
workers  with  CdU  levels  greater  than  10 
pg/g  Cr  (23%  in  the  first  survey  and  28% 
in  the  second  survey)  compared  to  those 
with  less  than  10  pg/g  Cr  clearly 
suggested  that  the  group  with  higher 
levels  of  CdU  did  have  modest 
elevations  of  the  urinary  proteins. 

In  the  first  survey,  3  of  the  39 
cadmium-exposed  workers  (8%) 
demonstrated  evidence  of  cadmium- 
induced  renal  dysfunction.  Two  of  these 
workers  had  elevated  levels  of  only 
albumin  in  their  urine,  while  the  third 
had  elevated  levels  of  /32-M  and  RBP  as 
well.  In  the  second  survey,  3  of  91 
cadmium-exposed  workers  (3%)  had 
elevated  levels  of  urinary  albumin,  but 
none  had  elevated  levels  of  urinary  RBP. 
In  comparison,  of  the  69  workers  in  both 
surveys  with  no  or  low  exposure,  none 
had  evidence  of  abnormally  high  levels 
of  urinary  proteins. 

The  possibility  of  glomerular 
dysfunction  was  suggested  in  the  first 
survey  by  a  slightly  higher  mean  serum 
creatinine  in  the  exposed  group  than  in 
the  control  group.  NIOSH  noted  that 
when  one  considers  that  the  non- 
exposed  group  was  significantly  older 
than  the  exposed  group,  the  difference 
in  serum  creatinine  may  actually  be 
larger  than  reported. 

The  NIOSH  authors  concluded  that 
cadmium-induced  renal  dysfunction  is 
evident  in  this  study  population.  They 
also  found  that  subclinical  effects  such 
as  significant  increases  in  mean  levels 
of  the  urinary  tubular  enzymes,  N- 
acetyl-/3D-glucosaminidase  (NAG; 
p=.05)  and  urinary  alanine 
aminopeptidase  (AAP;  p=.02),  are 
apparent  in  cadmium-exposed  workers 
with  CdU  levels  above  10  pg/g  Cr 
compared  to  those  below  this  level. 

ii.  Lauwerys  et  al,  (Ex.  6-718). 
Lauwerys  conducted  a  study  of  11 
workers  employed  in  a  small  factory  in 
Belgium  which  used  or  produced 
cadmium  oxide,  cadmium  metal, 
cadmium  sulfide,  and  various  cadmium 
salts.  Workers  were  observed  for  13 
months.  Although  the  factory  employed 
only  seven  workers  on  the  production 


side,  Lauwerys  was  able  to  follow  a 
total  of  eleven  workers  because  four 
workers  left  the  plant  and  four  new 
employees  were  hired  during  the  study 
period. 

The  total  airborne  concentration  of 
cadmium  at  the  various  work  locations 
was  very  high.  The  median  values 
ranged  from  110  to  2125  pg/m3.  Reliance 
on  personal  protective  devices  was 
minimal;  the  authors  noted  that  only  one 
worker  wore  a  mask  during  work.  In 
view  of  the  hygiene  practice  of  the 
workers,  the  authors  considered  that 
ingestion  of  cadmium  may  have  played 
a  role  in  the  overall  exposure. 

During  the  observation  period,  150 
personal  air  samples  were  collected. 
Each  sampling  period  lasted  two  to  nine 
hours.  The  airborne  cadmium  levels 
sampled  in  this  factory  ranged  from  88 
to  14,232  pg/m3  with  overall  median, 
mean,  and  standard  error  of  565, 1119, 
and  125  pg/m3,  respectively.  Omitting 
the  most  extreme  result  (14,232  pg/m3), 
the  values  ranged  from  88  to  6276  pg/m3 
with  overall  median,  mean,  and 
standard  error  were  563, 1031,  and  90 
pg/m3,  respectively. 

Cadmium  concentrations  in  workers’ 
blood  and  urine  were  measured. 

Because  of  the  employee  turnover  and 
the  high  degree  of  collaboration 
requested  from  the  workers  (repeated 
blood  and  urine  sampling)  it  was  not 
possible  to  survey  all  the  workers  during 
the  same  length  of  time.  On  the  other 
hand,  Lauwerys  considered  the  high 
employee  turnover  to  be  an  advantage 
for  this  type  of  survey  because  it 
allowed  the  follow-up  of  newly 
employed  workers. 

An  evaluation  of  renal  function  was 
performed  once  for  each  of  the  current 
workers  (n=8).  To  do  so,  urine  was 
collected  over  a  known  period  of  time 
(usually  4  to  5  hours).  The  volume  of 
urine  was  measured,  and  10  ml  was 
immediately  transferred  into  a  tube 
containing  1  ml  of  0.4  mole/liter 
phosphate  buffer,  with  a  pH  of  7.6. 

These  samples  were  stored  at  —20  °C 
and  fc-M  was  measured  using  the 
radioimmunoassay  (RIA),  Phadebas 
from  Pharmacia.  Aliquots  of  urine  were 
taken  for  the  determination  of 
creatinine,  total  proteinuria,  amino 
aciduria,  and  some  enzymatic  activities 
(B-galactosidase,  lactate  dehydrogenase 
alkaline  phosphatase,  total  and  tartrate 
resistant  acid  phosphatase,  and 
catalase).  The  remaining  volume  was 
then  stored  at  4°C  with  0.1  percent 
sodium  azide  as  preservative  until 
ultrafiltration  for  electrophoresis  and 
quantitation  of  individual  proteins 
(orosomucoid,  albumin,  transferrin,  and 
IgG).  A  sample  of  blood  was  also  taken 
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for  determining  the  creatinine  level  and 
the  same  enzymatic  activities  and 
specific  proteins  in  plasma  as  in  urine. 
Despite  the  great  scatter  of  the 
individual  results,  Lauwerys  stated  that 
for  most  workers  exposed  for  more  than 
250  days,  the  average  cadmium  in  urine 
levels  were  similar.  The  overall  mean 
cadmium  level  was  161  pg/g  Cr  with  a 
standard  error  of  9  pg/g  Cr,  regardless 
of  type  of  exposure.  All  but  one  of  these 
workers  were  exposed  primarily  to 
cadmium  oxide.  The  one  not  exposed  to 
cadmium  oxide  was  exposed  primarily 
to  cadmium  sulfide. 


According  to  Lauwerys,  the  results  of 
this  study  indicate  that  an  integrated 
exposure  of  1500  to  3000  pg/m3-yrs  leads 
to  kidney  disturbances  and/or  renal 
lesions.  Lauwerys  also  concluded  that 
workers  whose  exposure  is  such  that 
CdU  never  exceed  15  pg/g  Cr  would  not 
develop  kidney  lesions. 

To  evaluate  the  mechanisms  by  which 
cadmium  is  taken  up  into  the  blood  and 
urine  in  new  workers,  Lauwerys  studied 
four  new  workers.  One  worker  was 
followed  for  only  30  days.  This  worker, 
who  wore  a  respirator,  was  exposed  to 
cadmium  oxide  dust  and  salts  (mean 


cadmium  concentrations  in  air  were 
1829  pg/m*±528-,  the  median  exposure 
level  was  1167  pg/m3).  This  worker 
exhibited  a  much  lower  increase  of 
cadmium  concentration  in  blood  and 
urine  than  the  other  three  new  workers. 
Lauwerys  indicated  that  this  worker 
was  more  motivated  to  follow  better 
hygiene  practices  (handwashing,  no 
smoking  at  work)  than  the  other  workers 
and  this  limited  his  total  exposure. 

Results  of  biological  monitoring  for 
the  other  three  workers  are  presented  in 
Table  V-12. 


Table  V-12.— Cadmiun  in  Blood  and  Cadmium  in  Urine  Levels  1  in  New  Workers  Exposed  in  a  Plant  Producing  Various 
Cadmium  Compounds  by  Exposure  Level  and  Type  of  Exposure  and  Smoking  Habits  of  Worker 


Worker 

Mean  air* 

Median 

air 1 

Smoker 
status 3 

Exp.  type4 

CdB-20  4 

CdB-140  • 

CdU-20  7 

CdU-140  • 

A, . .  . 

1329 ±438 
2043 ±452 
2031  ±263 

613 

S 

A 

30 

120 

10.0 

17.2 

1926 

s+ 

B 

20 

120 

7.5* 

20  10 

A3 

1827 

NS 

B 

50 

105 

25.0 

25 

1  from  visual  review  of  figures  (Ex  8-718). 

2  ug  Cd/m* 

3  smoked <1  pack/da y,  S+  = smoked  >1  pack/ day,  NS = non-smoker. 

4  Main  Type  of  exposure:  A = Cadmium  oxide  dust  and  fume;  cadmium  carbonate  powder,  cadmium  salts;  B= cadmium  oxide  dust; 

4  cadmium  in  blood  levels  after  approximately  20  days  of  exposure,  in  pgCd/liter  whole  blood. 

4  cadmium  in  blood  levels  after  approximately  140  days  of  exposure,  in  ugCd /liter  whole  blood. 

7  cadmium  in  urine  levels  after  approximately  20  days  of  exposure,  in  uCd/gram  creatinine. 

4  cadmium  in  time  levels  after  approximately  140  days  of  exposure,  m  pgCd/gram  creatinine;  average  of  four  samples  taken  on  days  1%,  140,  142,  and  144; 
*  average  of  two  samples  taken  on  days  10  and  24; 

>•>  average  of  samples  taken  on  day  138  and  148  of  exposure. 


Regarding  cadmium  in  blood  levels, 
Lauwerys  concluded  that  after  the  start 
of  exposure,  the  concentration  of 
cadmium  in  blood  increases  linearly  up 
to  120  days  and  then  levels  off. 

Kjellstrom  (1977,  referenced  in  Ex.  8- 
718)  found  a  similar  evolution  of 
cadmium  concentration  in  blood  with 
time  among  workers  newly  exposed  to  a 
much  lower  level  of  cadmium  dust, 
about  50  fig/m*.  Kjellstrom  reported, 
however,  that  the  steady  state  level 
(about  3  pg/100  ml)  was  five  times 
lower  than  that  found  in  the  workers 
examined  in  Lauwerys  study. 

Kjellstrom’s  findings  are  not 
surprising  given  the  fact  that  the 
cadmium  pollution  in  the  Lauwerys 
plant  was  significantly  higher  than  that 
in  the  cadmium-nickel  battery  factory 
investigated  by  Kjellstrom  (1977).  One 
can  conclude  that  when  equilibrium  is 
reached,  the  cadmium  level  in  blood  is  a 
good  indicator  of  the  average  intake 
during  recent  months.  This  was  also 
confirmed  by  Lauwerys  by  the  finding 
that  in  three  workers,  the  blood 
cadmium  levels  measured  before  and 
after  a  leave  of  absence  of  4  weeks  were 
not  significantly  different. 

Dr.  Lauwerys  calculated  the  linear 
regressions  between  the  duration  of 
exposure  and  the  cadmium  levels  in 
biocd  for  the  various  phases  identified 


(two  for  blood).  Since  cadmium  levels  in 
blood  of  workers  exposed  for  more  than 
120  days  are  mainly  a  reflection  of 
exposure,  Dr.  Lauwerys  expected  that 
no  significant  correlation  between 
duration  of  exposure  and  cadmium 
levels  in  blood  during  phase  2  would  be 
found.  The  observed  relationship 
between  cadmium  in  blood  and 
exposure  in  phase  2  was  not  statistically 
significant.  Thus,  levels  of  cadmium  in 
blood  reflect  recent  exposures,  but  if 
exposures  have  been  very  high,  will  not 
decrease  significantly,  at  least  over  four 
weeks. 

Regarding  cadmium  in  urine, 

Lauwerys  (Ex.  8-718)  concluded  that  the 
interpretation  of  the  urine  data  is 
certainly  less  straightforward  than  that 
for  blood.  For  one  thing,  the  kidney 
function  of  the  workers  must  be  taken 
into  consideration  since  it  is  known  that 
kidney  lesions  may  be  associated  with 
an  increased  urinary  excretion  of 
cadmium. 

Dr.  Lauwerys  calculated  the  linear 
regressions  between  the  duration  of 
exposure  and  the  cadmium  levels  in 
urine  for  the  various  phases  identified 
(four  for  urine). 

Dr.  Lauwerys  proposed  the  following 
hypothesis  to  explain  the  evolution  of 
cadmium  concentration  in  urine  found 
during  this  survey.  In  workers  newly 


exposed  to  high  levels  of  cadmium, 
phases  1  and  2  are  concomitant  with  a 
rapid  and  marked  increase  of  cadmium 
body  burden  probably  associated  with 
an  induction  of  metallothionein.  As  this 
binding  process  becomes  progressively 
saturated,  a  sharper  increase  in 
cadmium  concentration  in  urine  occurs 
(phase  3)  which  eventually,  if  high 
exposure  persists,  will  be  mainly  a 
reflection  of  recent  cadmium  intake 
(phase  4)  rather  than  an  indicator  of 
body  burden.  Dr.  Lauwerys  noted  that 
the  beginning  of  the  second  phase, 
during  which  the  cadmium  binding  sites 
become  progressively  saturated, 
corresponds  to  a  urinary  concentration 
of  cadmium  of  approximately  15  ftg/g 
Cr.  This  would  suggest  that  as  long  as 
this  level  is  not  exceeded  in  male 
workers  exposed  to  cadmium  the 
saturation  of  all  the  body  binding  sites 
is  not  yet  reached.  If  the  binding 
occurring  during  phase  2  is  a  true 
detoxication  process,  which  Dr. 
Lauwerys  indicated  remains  to  be 
confirmed,  one  would  expect  that 
workers  whose  exposure  is  such  that 
cadmium  in  urine  never  exceeds  15  p.g/g 
Cr  would  not  develop  kidney  lesions. 
This  hypothesis  is  in  agreement  with 
Lauwerys*  previous  clinical 
observations  of  signs  of  kidney  damage 
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in  some  workers  who  excreted  more 
than  15  fig  Cd/g  Cr  (Lauwerys  et  al. 

1974).  Hence  for  adult  males 
occupationally  exposed  to  cadmium, 
Lauwerys  proposed  a  tentative 
biological  threshold  of  10  pg  Cd/g  Cr  in 
urine.  The  validity  of  this  proposal  is 
confirmed  by  the  correlation  between 
CdU  and  cadmium  in  kidney  found  in 
309  Belgian  workers  whose  cadmium  in 
kidney  was  measured  in  vivo  by  neutron 
activation.  It  was  found  that  a  cadmium 
concentration  in  renal  cortex  between 
200  and  250  ppm,  considered  as  the 
critical  level,  corresponds  to  a  CdU 
concentration  of  approximately  10  to  15 
fig  Cd/g  Cr  (Roels  et  al.  1979). 

However,  Dr.  Lauwerys  stated  that  it 
should  be  stressed  that  this  biological 
threshold  is  proposed  only  for  adult 
males  occupationally  exposed  to 
cadmium  and  does  not  necessarily  apply 
to  other  groups  of  the  general 
population,  e.g.,  women  after 
menopause  and  children,  whose 
sensitivity  to  cadmium  could  be 
different. 

Lauwerys  findings  agree  with  those  of 
De  Silva  (Ex.  8-716)  who  noted  that  the 
urinary  cadmium  concentrations  rise 
and  fall  with  exposure,  probably  with  a 
delay  of  several  months. 

iii.  Roels  et  al.  (57-K).  Roels  studied 
the  effects  of  cadmium  on  male  workers 
employed  in  one  of  two  Belgium  zinc- 
cadmium  plants.  Two  hundred  and 
sixty-four  workers  (264)  were  included 
in  the  analyses.  Of  these,  238  were 
active  employees  (Group  A)  and  28  were 
either  retired  or  had  been  removed  from 
jobs  where  they  were  exposed  to 
cadmium  (Group  R). 

To  assess  the  cadmium  pollution  at 
the  plants,  airborne  cadmium 
concentrations  were  measured  with 
static  air  samplers  at  each  of  the 
principal  worksites.  In  one  plant, 
cadmium  concentrations  ranged  from  3 
to  67  pg/m3,  and  in  the  other  plant,  they 
ranged  from  5.8  to  168  ftg/m3.  When 
monitoring  was  conducted  at  the 
worker’s  breathing  zone,  these  levels 
were  much  higher. 

For  each  worker,  cadmium 
concentrations  in  the  liver  and  in  the 
kidney  were  measured  in  vivo  by 
neutron  capture  gamma-ray  analysis 
using  the  transportable  measurement 
system  developed  at  the  University  of 
Birmingham,  U.K.  Cadmium  in  the  blood 
and  cadmium,  albumin,  total 


protein,  and  calcium  in  the  urine  were 
also  measured.  For  each  urine  sample, 
an  aliquot  of  5  ml  was  immediately 
transferred  into  a  tube  containing  a 
buffer  with  a  pH  of  7.8  and  stored  at 
—  20  °C  until  &-M  levels  and  albumin 
were  measured.  /32-M  was  measured  by 
radioimmunoassay  using  the  Phadebas 
microglobulin  test  developed  by 
Pharmacia. 

Workers  were  considered  to  have 
abnormal  kidney  function  if  their  total 
urinary  proteins  exceeded  250  mg/g  Cr, 
if  their  /3*-M  exceeded  200  p,g/g  Cr,  or  if 
their  albumin  exceeded  12  mg/g  Cr. 
These  criteria  were  derived  from  a 
group  of  88  unexposed  workers  whose 
urinary  cadmium  levels  were  below  2 
Jig/gCr. 

One  hundred  and  forty-nine  (149)  of 
the  active  workers  were  engaged  in  jobs 
not  directly  related  to  cadmium 
production  and  these  workers  were 
found  to  have  normal  renal  function. 

The  remaining  87  active  workers  were 
involved  in  cadmium  production  daily, 
and  of  these,  15  (17%)  had  signs  of  renal 
dysfunction. 

Examination  of  the  cumulative 
frequency  distributions  and  the 
correlations  between  the  various 
biological  parameters  in  different 
subgroups  led  the  authors  to  the 
following  conclusions:  (a)  Calciuria  is 
not  much  different  among  the  subgroups; 
(b)  CdB  mainly  reflects  recent  exposure 
to  cadmium  in  the  absence  of  cadmium- 
induced  renal  damage;  (c)  CdU  follows 
the  body  burden  of  cadmium  but 
increases  proportionately  much  more  in 
workers  with  renal  dysfunction 
particularly  when  signs  of  tubular 
dysfunction  are  present;  and  (d) 
cadmium  in  the  liver  is  proportional  to 
duration  and  intensity  of  cadmium 
exposure  in  workers  without  as  well  as 
with  renal  dysfunction.  The  study 
authors  also  concluded  that  renal 
cortical  cadmium  does  not  differ 
between  cadmium  workers  with  and 
without  renal  dysfunction,  but  the 
observation  on  which  this  conclusion  is 
based  can  be  explained  by  a  progressive 
decrease  of  cadmium  in  the  kidney 
cortex  after  the  onset  of  the  renal 
damage. 

The  results  of  this  investigation 
support  the  concept  of  a  critical 
concentration  of  cadmium  in  the  kidney 
cortex  which  must  be  achieved  before 
dysfunction  occurs.  That  concentration 


was  found  to  range  from  160  to  285  ppm 
in  this  study.  When  the  critical 
concentration  exceeds  285  ppm,  the 
probability  is  very  high  that  all  persons 
will  show  signs  of  renal  dysfunction. 

This  study  also  demonstrated  that  in  the 
absence  of  kidney  dysfunction,  CdU  is 
correlated  with  the  body  burden  of 
cadmium  (r=0.59),  but  that  CdB  is  not. 

On  the  basis  of  the  interrelationships 
among  cadmium  in  the  liver,  cadmium  in 
the  kidney  cortex,  CdU,  and  the  other 
biological  indicators  of  renal  function, 
Roels  concluded  that  the  probability  of 
developing  cadmium-induced  renal 
dysfunction  in  male  cadmium  workers 
appears  to  be  very  low  when  the  critical 
CdU  level  of  10  pg/g  Cr  is  not  regularly 
exceeded.  This  CdU  level  corresponded 
to  an  average  cadmium  body  burden  of 
160  to  170  mg. 

iv.  Roels  et  al.  (Ex.  12-38A).  In  order 
to  assess  the  significance  of  the  early 
renal  changes  induced  by  chronic 
exposure  to  cadmium,  Roels  conducted 
a  study  of  23  retired  workers  at  two  non- 
ferrous  smelters  in  Belgium.  These 
workers  had  been  removed  from  jobs 
entailing  exposure  to  cadmium  oxide  as 
dust  and  fume  (Ex.  57-K).  They  had 
been  removed  from  exposure  either 
because  the  level  of  /fc-M  in  urine 
exceeded  300  p.g/1  (n  =  18)  or  because 
the  level  or  RBP  in  urine  exceeded  300 
pg/1  (n=17).  In  addition,  8  workers  had 
levels  of  albumin  in  their  urine  in  excess 
of  20  mg/1.  At  the  time  of  removal  from 
cadmium  exposure,  serum  creatinine 
concentrations  were  normal  in  18 
workers  ( <13  mg/1),  marginally 
elevated  in  3  workers  (between  13  and 
14  mg/1),  and  significantly  elevated  in  2 
workers  (>20  mg/1). 

The  average  length  of  occupational 
exposure  to  cadmium  was  25  years  for 
these  23  workers  with  a  range  from  6  to 
41.7  years.  Workers  had  been  removed 
from  exposure  for  6  years  on  average 
before  they  had  their  first  follow-up 
examination.  The  mean  age  at  first 
follow-up  examination  was  58.6  years 
with  a  range  from  45.5  to  68.1  years. 
During  each  of  five  follow-up  surveys 
conducted  annually,  workers  were 
questioned  about  their  health  status  and 
drug  consumption,  and  a  sample  of 
venous  blood  (20  ml)  and  urine  (100  ml) 
was  collected.  The  results  of  the  five 
annual  follow-up  surveys  are  included 
in  Table  V-13. 
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Table  V-13.— Characteristics  and  Biological  Parameters  of  23  Male  Subjects  With  Signs  of  Cadmium  Induced  Renal 
Changes,  Who  Were  Removed  From  Exposures  for  6  Years:  Summary  of  Five-Year  Follow  Up  Surveys 


Characteristic 


CdU' 


CdB’_ 

0SU>... 

RBPU* 

CrUs 


First 

Second 

Third 

Fourth 

Fifth 

22^±2.9 

16.0  ±2.2 

15.5±1.6 

15.6±2D 

18.0±2.9 

14.3 

11.8 

10.1 

9.3 

9.7 

1292 

1260 

1664 

1916 

1743 

1146 

801 

829 

1396 

1351 

1.37 

1.23 

1.52 

1.34 

1.48 

‘Cadmium  in  urine,  mean  ±  SEM,  ug/Hter  urine. 

’Cadmium  in  blood.  pg/1iter  whole  blood. 

’Beta  2  microglobulin  m  urine  (Mfc/g  Cr),  standardized  to  grams  creatinine  given  in  row  5. 
‘Retinol  binding  protein  in  urine  (JlgRBP/g  CrL  standardized  to  grams  creatinine  given  in  row  5. 
’Creatinine  in  urine  (^g/titer). 


This  study  by  Roels  confirmed  that 
cadmium-induced  proteinuria  is 
irreversible.  For  the  23  workers,  the 
levels  of  urinary  RBP,  /3*-M,  and 
albumin,  which  were  significantly 
elevated  at  the  time  of  the  first  survey 
following  removal  from  exposure,  had 
not  returned  to  normal  levels  five  years 
later.  In  addition,  the  study  found  that 
serum  alkaline  phosphatase  activity 
significantly  increased  during  the  Five 
year  follow  up  period  which  may  reflect 
an  interference  of  cadmium  with  bone 
metabolism,  possibly  secondary  to  a 
reduction  in  the  conversion  of  25- 
hydroxcholecalciferol  to  1,25- 
dihydroxycholecalciferol  by  the  kidney. 
The  most  important  finding,  however, 
was  a  significant  increase  over  time  in 
creatinine  and  fit-M  levels  in  serum 
which  would  indicate  a  progressive 
reduction  of  the  glomerular  filtration 
rate  (GFR)  despite  removal  from 
exposure. 

Roels  estimated  that  the  GFR 
decreased  on  average  by  31  ml/min/l.73 
m2  in  the  workers  he  studied  during  the 
five  years  of  follow-up.  Based  on  the 
work  of  others,  Roels  stated  that  in  the 
age  range  of  45  to  75,  the  expected 
decline  over  five  years  should  normally 
not  exceed  6.5  ml/min/l.73  m2.  For  each 
of  the  workers  in  the  study,  the 
reduction  in  their  estimated  GFR  was, 
on  average,  about  five  times  greater 
than  this  expected  level.  Interestingly,  it 
was  not  more  pronounced  in  workers 
with  impaired  renal  function  at  the  start 
of  the  study  than  it  was  in  those  with 
subclinical  signs  of  renal  damage. 

v.  Roels  et  al.  (Ex.  149).  In  this  study, 
Roels  sought  to  determine  whether  an 
internal  dose  of  cadmium  that  has  not 
yet  induced  microproteinuria  could 
affect  the  filtration  reserve  capacity  of 
the  kidney.  Internal  dose  of  cadmium 
was  reflected  by  cadmium  concentration 
in  urine.  Microproteinuria  was  defined 
as  a  significantly  increased  urinary 
excretion  of  various  plasma  proteins:  (J2- 
M>300  pg/g  Cr  or  RBP >300  pg/g  Cr,  or 
albumin >15  mg/g  Cr,  or  a  combination 
of  these.  The  subjects  in  this  study  were 


108  workers  at  two  zinc-cadmium 
smelters  in  Belgium  with  occupational 
exposed  to  cadmium.  To  be  included  in 
the  study,  the  exposed  workers  must 
have  been  exposed  to  cadmium  for  one 
year  without  interruption  and  must  have 
been  excreting  more  than  2  pg  CdU/g 
Cr.  Also,  they  could  not  have  been 
exposed  to  other  known  nephrotoxins. 

One  hundred  and  seven  (107)  workers 
with  no  occupational  exposure  to 
cadmium  served  as  controls.  To  qualify 
as  a  control,  a  worker  should  never  have 
been  occupationally  exposed  to  any 
nephrotoxins.  The  level  of  cadmium  in 
the  urine  of  a  control  was  required  to  be 
below  2  pg/g  Cr  and  there  could  be  no 
sign  of  microproteinuria.  The  control 
workers  were  closely  matched  to  the 
exposed  workers  on  age,  and  care  was 
taken  to  see  that  both  groups  had 
similar  socioeconomic  (education, 
salary)  and  environmental  (place  of 
residence)  characteristics. 

A  detailed  occupational  and  medical 
questionnaire  was  given  to  each  study 
participant.  In  addition,  data  on  each 
worker's  dietary  habits  during  the  week 
before  the  study  was  also  collected.  In 
order  to  be  included  in  the  final 
statistical  analyses,  participants  in  the 
study  must  have  complied  scrupulously 
with  the  study  protocol  that  required 
them  to  refrain  from  taking  analgesics, 
and  their  medical  history  must  not  have 
shown  any  pathological  condition  that 
might  have  influenced  renal  function. 

During  the  30  minutes  prior  to  the 
baseline  test,  a  spot  urine  sample  (100 
ml)  was  collected.  An  aliquot  of  4  ml 
was  immediately  transferred  to  a  tube 
containing  0.4  ml  phosphate  buffer,  pH 
7.6,  and  kept  at  —20  °C  until  the 
analysis  of  fit-M,  RBP,  and  albumin 
were  performed.  These  proteins  were 
measured  by  automated  assays  relying 
on  latex  particle  agglutination. 

Because  early  changes  in  glomerular 
function  cannot  be  detected  by  the 
measurement  of  basal  GFR,  Roels 
developed  a  test  to  assess  the  filtration 
reserve  capacity  of  the  kidney  and  to 
detect  any  early  renal  changes  induced 


by  cadmium.  In  order  to  do  this.  Roels 
defined  the  filtration  reserve  of  the 
kidney  as  the  difference  between 
baseline  GFR  and  the  maximal  GFR 
induced  by  an  adequate  stimulus  such 
as  an  acute  oral  load  of  proteins  or  an 
infusion  of  amino  acids.  The  maximal 
GFR  obtained  during  such  stimulation 
would  thus  represent  the  maximum 
filtration  capacity.  When  Roel’s  test  was 
applied  to  his  study  subjects,  the  results 
confirmed  the  observation  in  previous 
studies  that  the  age-related  decline  of 
the  baseline  and  maximal  GFR  is 
accelerated  in  male  workers  with 
cadmium  induced  microproteinuria. 

Another  analysis  was  performed  for 
workers  less  than  age  50  and  over  age 
50.  Microproteinuria  was  present  in  20 
cadmium  workers,  all  older  than  50.  It 
was  found,  however,  that  a  renal 
cadmium  burden  that  has  not  yet  caused 
microproteinuria  does  not  impair  the 
filtration  reserve  capacity  of  the  kidney. 

In  conclusion,  this  study  indicates  that 
the  age  related  decline  of  the  baseline 
and  maximal  GFR  is  exacerbated  in  the 
presence  of  cadmium-induced 
microproteinuria.  Hie  investigation 
supports  Roels’  previous  estimate  of  the 
threshold  effect  concentration  of  CdU 
'  (10  pg/g  Cr).  which  is  intended  to 
prevent  the  occurrence  of 
microproteinuria  in  cadmium  exposed 
male  workers.  Roels  noted  that  this 
conclusion,  however,  may  not  be 
extrapolated  to  the  general  population 
because  there  are  indications  that  in  an 
occupationally  active  male  population, 
the  influence  of  the  healthy  worker 
effect  may  lead  to  an  underestimation  of 
the  risk  of  cadmium  for  other  groups  of 
the  general  population.  Also,  sensitive 
worikers  may  not  be  adequately 
protected  if  CdU  levels  exceed  10  pg/g 
Cr. 

vi.  Bernard  and  Lauwerys  (Ex.  35). 
Bernard  and  Lauwerys  studied  25  male 
workers  who  had  been  removed  from 
jobs  with  exposure  to  cadmium  when 
they  were  found  to  have  elevated  levels 
of  /?2-M,  RBP,  or  albumin  in  their  urine. 
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The  serum  levels  of  creatinine  and  fo-M 
in  these  workers  were  found  to  increase 
significantly  with  time.  Over  a  five  year 
period,  the  average  level  of  creatinine  in 
serum  increased  from  12  mg/1  (SE=1.1 
mg/1)  to  15.5  mg/1  (SE=2.2  mg/1),  and 
the  average  level  of  /fe-M  in  serum 
increased  from  1.89  mg/1  (SE=0.12  mg/1) 
to  3  mg/1  (SE=0.42  mg/1).  The  average 
levels  of  serum  creatinine  in  two  groups 
of  23  age-matched  controls  after  five 
years  were  found  to  be  11.3  mg/1  and 
11.2  mg/1,  and  the  average  levels  of 
serum  fo-M  for  these  two  groups  were 
found  to  be  1.9  mg/1  for  both  groups. 
Thus,  age  could  not  account  for  the 
increase  observed  in  the  exposed 
workers. 

The  GFR  was  estimated  according  to 
Wibell  et  al.,  as  referenced  by  Bernard. 
All  workers  showed  a  decrease  in 
estimated  GFR  which  ranged  from  9  to 
78  ml/min/1.73  m2  over  the  five  year 
observation  period.  The  average 
decrease  of  GFR  over  that  period 
amounted  to  31  ml/min/1.73  m2,  a  value 
which  is  about  five  times  greater  than 
that  observed  for  the  normal  population. 
Investigations  of  cadmium-exposed 
workers  in  Belfium  and  the  U.S.  have 
demonstrated  that  a  low  or  high 
molecular  weight  proteinuria  is  likely  to 
develop  in  10  percent  of  exposed 
subjects  when  the  concentration  of  the 
metal  in  the  renal  cortex  reaches  about 
200  ppm.  The  corresponding  critical 
levels  in  urine  and  blood  have  been 
estimated  at  10  pg/gr  Cr  and  10  pg/liter 
whole  blood  (lwb),  respectively  (Ex.  57- 
K).  Once  it  has  appeared,  according  to 
Drs.  Bernard  and  Lauwerys,  cadmium 
proteinuria  is  in  most  cases  irreversible. 
Follow  up  studies  indicate  that  the 
progression  of  renal  dysfunction  after 
cessation  of  exposure  is  very  slow. 
Bernard  and  Lauwerys,  in  their  recent 


five  year  prospective  study, 
demonstrated  that  despite  this  slow 
evolution,  cadmium  nephropathy  may 
progress  to  renal  insufficiency. 

vii.  Toffoletto  et  al.  (Referenced  in  19- 
43A).  Toffoletto  presented  a  paper  on 
the  effects  of  renal  function  from 
occupational  exposure  to  cadmium  at  a 
conference  on  heavy  metals  in 
Edinburgh  in  1989.  Toffoletto  studied  91 
workers  exposed  to  cadmium  between 
1981  and  1988  in  an  Italian  factory 
producing  and  processing  cadmium 
alloys.  Periodic  measurements  of 
environmental  cadmium  concentrations 
had  been  made  for  13  years,  and 
information  was  available  from  a 
biological  monitoring  program  that  had 
been  in  operation  for  8  years.  Only 
subjects  with  three  or  more  years  of 
exposure  or  with  three  measurements  of 
CdU  or  CdB  were  included  in  the  study. 

The  authors  used  biological 
monitoring  results  from  a  control 
population  to  establish  the  upper  limit  of 
normal  for  CdB  and  CdU  levels:  2.3  pg/ 
liter  whole  blood  (lwb)  and  3.0  pg/ liter 
urine  (1  urine),  respectively.  At  the  time 
of  this  study,  the  biological  limit  values 
recommended  for  CdB  and  CdU  were  10 
pg/lwb  and  10  pg/1  urine,  respectively. 
Elevated  /fc-M  levels  above  260  pg/1 
were  used  as  an  indicator  of  early 
tubular  damage.  For  &-M  analyses, 
urine  samples  were  adjusted  for  pH,  and 
/?2-M  levels  were  measured  using  the 
Phadebas  microtest  kit. 

Among  workers  whose  CdB  and  CdU 
levels  were  always  below  10  pg/lwb  or 
below  10  pg/1  urine,  3%  and  2.7% 
respectively,  had  /k-M  levels  above  260 
pg/1.  Workers  with  at  least  one  CdB 
level  greater  than  10  pg/lwb  or  one  CdU 
level  above  10  pg/1  urine  (33.3%  and 
16.7%  of  workers,  respectively)  had 
elevated  /fc-M  levels.  Forty-eight 


workers  had  measurements  of  CdB, 

CdU.  /3*-M,  RBP,  N-acetyl-/30- 
glucosaminidase  (NAG),  and 
microalbumin.  These  workers  were 
evaluated  for  kidney  function.  The 
results  are  in  Table  V-14. 

Table  V-1 4— Association  Between  Tu¬ 
bular  and  Glomerular  Function  In¬ 
dicators  and  Their  Distribution  Di¬ 
vided  Into  Three  Groups  of  Levels 
of  Urine  (CdU) 


CdU  (m9/I) 

Total 

number  of 
people 

Number 

abnormal 

(percent) 

<3 . 

7 

4(57) 
8(57) 
18  (67) 

3-10 . 

14 

>10 . 

27 

Four  of  seven  workers  with  median 
CdU  levels  less  than  3  pg/1  had 
abnormal  levels  of  NAG,  microalbumin, 
or  RBP.  Eight  of  14  workers  with  median 
CdU  levels  between  3-10  pg/1  had 
abnormal  levels  of  at  least  one  of  the 
four  indicators  of  kidney  function  (/fc-M, 
NAG,  RBP,  or  microalbumin).  Eighteen 
out  of  27  workers  with  median  CdU 
levels  greater  than  10  pg/1  had  at  least 
one  elevated  abnormal  kidney  function 
test  result.  In  this  latter  group,  four 
workers  had  abnormal  levels  of  all  four 
kidney  function  measurements. 

Among  ten  workers  with  elevated  &- 
M  levels,  half  had  CdB  levels  less  than 
10  pg/lwb.  (See  Table  V-15.)  Their 
mean  CdU  level  was  11  pg/1  (range  2.5- 
13.8).  Their  mean  cumulative  exposure 
was  460  pg/m3-yrs  (range  260-721).  The 
other  five  workers  had  a  mean  CdU 
level  of  20.8  pg/1  (range  12.6-26.2)  and 
mean  cumulative  exposures  of  5982 
(1965-8382). 


Table  V-15.— Mean  Cadmium  in  Urine  and  Blood  Levels  Among  10  Workers  With  Elevated  Beta  2  Microglobulin 

Levels  by  Cumulative  Cadmium  Exposures 


Number  of  workers 

CdU  (fig/l) 

CdB  (ng/l) 

Cumulative 
exposure  ' 

5 

<10 

<10 

% 

11.0(2.5-13.8) 
20.8  (12.6-26.2) 

450  (250-721) 

5 

5892  (1965-8382) 

1  fig/ms-years. 


Toffoletto  et  al.  concluded  that  if  CdB 
and  CdU  levels  are  kept  constantly 
below  10  pg/lwb  or  10  pg/1  urine,  the 
prevalence  of  kidney  dysfunction 
measured  by  elevated  levels  of  &-M 
would  be  below  three  percent.  However, 
five  workers  in  this  study  (5.9%)  with  a 
mean  exposure  of  460  pg/m3-yrs  (or  10.2 
pg  over  a  45-year  working  lifetime)  had 
elevated  /k-M  levels  above  260  pg/1. 


viii.  Buchet  et  al.,  (Ex.  8-201).  The 
renal  function  of  workers  occupationally 
exposed  to  cadmium  (n=148)  was 
compared  with  that  of  workers  with  no 
occupational  exposure  to  heavy  metals 
(n=88).  The  exposed  and  control 
populations  were  employed  in  two 
cadmium  smelters  in  Belgium.  In  order 
to  be  a  control  subject,  the  worker  had 
to  fulfill  several  conditions:  all  levels  of 


CdU  had  to  be  below  2  pg/g  Cr;  in  the 
judgement  of  the  plant  physician,  the 
worker  had  to  have  no  occupational 
exposure  to  cadmium:  and  the  controls 
belonged  to  the  same  socioeconomic 
class  as  the  exposed  workers. 

Five-hour  urine  samples  were 
collected  from  the  workers  while  at 
work.  Urine  was  pH  adjusted  and 
samples  for  /3*-M  analyses  were  frozen 
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at  —20  °C.  The  concentration  of  &-M 
was  measured  by  radioimmunoassay 
using  the  Phadebas  /k-microtest  kit 
developed  by  Pharmacia  Diagnostics. 

Descriptive  characteristics  of  the 
exposed  and  control  groups  are  included 
in  Table  V-16. 


Table  V-1 6.— Descriptive  Character¬ 
istics  of  Cadmium  Exposed  Work¬ 
ers  and  Controls 


Parameter 

Controls 

Ex¬ 

posed 

88 . 

148 

38.6 . 

46.5 

Duration  of  Employment 

8.4 . 

15.4 

(years). 

Mean  Level  of  Cadmium  in 

0.88 . 

15.76 

Urine  (^g/100  creatinine). 
Mean  fa  in  Urine  (jtg/gr 

71  (for 

739 

creatinine). 

N=87 

Prevalence  of  Kidney  Dys- 

workers). 
68 . 

*  18.2 

function  Based  on 

>200  jxg/gr  Cr  (per¬ 
cent). 

*  p<  0.025 


Renal  dysfunction  was  defined  by 
elevated  levels  of  &-M  above  200  pg/g 
Cr,  among  other  definitions.  The 
prevalence  of  renal  dysfunction  was 
significantly  different  between  exposed 
workers  and  controls.  The  prevalence  of 
abnormal  results  was  not  different 
between  smokers  and  nonsmokers. 

Buchet  concluded  that  excessive 
exposure  to  cadmium  increased  the 
urinary  excretion  of  both  low  and  high 
molecular  weight  proteins  and  of  tubular 
enzymes.  These  changes  were  mainly 
observed  in  workers  excreting  more 
than  10  pg  Cd/g  Cr  or  with  CdB  levels 
above  10  pg  Cd/lwb.  However,  among 
workers  whose  CdU  levels  were 
consistently  below  2  pg  Cd/g  Cr, 
controls,  and  among  workers  whose 
CdU  levels  were  between  2-9.9  pg  Cd/g 
Cr,  the  prevalence  of  kidney  dysfunction 
was  six  percent.  The  prevalence  of 
kidney  dysfunction  among  workers 
whose  CdU  levels  were  between  10-19.9 
pg  Cd/g  Cr  and  >20  pg  Cd/g  Cr  was  15 
and  40  percent,  respectively. 

ix.  Summary.  The  eight  studies 
reviewed  above  demonstrate  a 
consistency  in  the  levels  of  biological 
parameters  associated  with  renal 
dysfunction.  In  all  but  one  study  by 
Laywerys,  kidney  dysfunction  was 
found  in  workers  whose  cadmium  in 
urine  exceeded  10  pg  Cd/g  Cr. 

The  NIOSH  Health  Hazard  Evaluation 
found  modest  elevations  in  low  and  high 
molecular  weight  proteins  in  the  urine  of 
workers  whose  CdU  levels  exceeded  10 
pg/g  Cr.  It  demonstrated  that  subclinical 
effects  such  as  significant  increases  in 
mean  levels  of  urinary  tubular  enzymes, 


NAG  and  alanine  aminopeptidase 
(AAP),  are  apparent  in  cadmium- 
exposed  workers  with  CdU  levels  above 
10  pg/g  Cr  compared  to  those  below  this 
level. 

Lauwerys  (Ex.  8-718)  concluded  from 
his  study  that  workers  whose  exposure 
is  such  that  CdU  levels  never  exceed  15 
pg/g  Cr  would  not  develop  kidney 
lesions.  Roels  (Ex.  57-K)  concluded  that 
on  the  basis  of  the  interrelationships 
among  levels  of  cadmium  in  liver, 
kidney  cortex,  and  urine,  it  can  be 
concluded  that  the  probability  of 
developing  cadmium-induced  renal 
dysfunction  in  male  cadmium  workers 
appears  to  be  very  low  when  the  critical 
CdU  level  of  10  pg/g  Cr  is  not  regularly 
exceeded.  This  CdU  level  corresponded 
to  an  average  cadmium  body  burden  of 
160-170  mg.  In  his  1989  paper,  Roels 
(Ref.  in  Ex.  149;  also  Ex.  12-38-A) 
concluded  that  his  study  indicated  that 
the  age  related  decline  of  the  baseline 
and  maximal  GFR  is  exacerbated  in  the 
presence  of  cadmium  induced 
microproteinuria.  The  investigation 
supports  Roels’  previous  estimate  of  the 
threshold  effect  concentration  of  CdU 
(10  pg/g  Cr),  which  is  intended  to 
prevent  the  occurrence  of 
microproteinuria  in  cadmium  exposed 
male  workers.  Roels  noted  that  this 
conclusion,  however,  may  not  be 
extrapolated  to  the  general  population 
because  there  are  indications  that  in  an 
occupationally  active  male  population, 
the  influence  of  the  healthy  worker 
effect  may  lead  to  an  underestimation  of 
the  risk  of  cadmium  for  other  groups  of 
the  general  population. 

Bernard  and  Lauwerys  (Ex.  35) 
concluded  that  the  results  of  their  study 
demonstrated  that  a  low  or  high 
molecular  weight  proteinuria  is  likely  to 
develop  in  ten  percent  of  exposed 
subjects  when  the  concentration  of  the 
metal  in  renal  cortex  reaches  about  200 
ppm.  The  corresponding  critical  levels  in 
urine  and  blood  have  been  estimated  at 
10  pg/g  Cr  and  10  pg/lwb,  respectively. 

Toffoletto  (Ex.  19-43-A)  concluded 
that  if  CdB  and  CdU  levels  are  kept 
constantly  below  10  pg/lwb  or  10  pg/1 
urine,  the  prevalence  of  kidney 
dysfunction  measured  by  elevated  levels 
of  /32-M  would  be  below  three  percent. 
However,  five  workers  in  this  study 
(5.9%)  with  a  mean  exposure  of  460  pg/ 
m3-yrs  (or  10.2  pg  over  a  45  year 
working  lifetime)  had  elevated  /32-M 
levels  above  260  pg/1. 

d.  The  biological  significance  of 
cadmium-induced  kidney  dysfunction. 
Prolonged  exposure  to  cadmium  may 
lead  to  glomerular  proteinuria, 
glucosuria,  aminoaciduria,  phosphaturia, 
and  hypercalciuria  (Exs.  8-086b:  4-28; 


14-18,  p.  157).  These  conditions  are 
indicated  by  excess  urinary  amino 
acids,  glucose,  phosphate,  or  calcium, 
respectively.  Each  of  these  elements  are 
essential  to  life,  and  under  normal 
conditions  their  excretion  is  regulated 
by  the  kidney.  Once  low  molecular 
weight  proteinuria  has  developed, 
however,  these  elements  may  dissipate 
from  the  body.  Loss  of  glomerular 
function  may  also  occur,  indicated  by  a 
decrease  in  the  glomerular  filtration  rate 
and  an  increase  in  serum  creatinine. 
Severe  cadmium-induced  renal  damage 
may  develop  into  chronic  renal  failure 
and  uremia  at  which  point  some  form  of 
dialysis  or  kidney  operation  will  be 
needed  (Ex.  55). 

Kidney  dysfunction  persists  for  years 
even  after  cessation  of  exposure.  Loss  of 
calcium  and  phosphorus  may  contribute 
to  the  increased  risk  of  kidney  stones 
observed  in  workers.  Even  in  his  early 
study  of  cadmium  workers,  Dr.  Friberg 
noted  renal  stones  as  a  common  finding 
among  cadmium-exposed  workers  (Ex. 
4-29).  Dr.  Friberg  testified  that,  in  his 
opinion,  kidney  stones  are  a  serious 
sequelae  to  cadmium-induced  renal 
dysfunction.  He  and  others  originally 
thought  that  the  increased  prevalence  of 
kidney  stones  observed  in  his  studies 
was  confined  to  Sweden,  But  later,  the 
increased  prevalence  of  kidney  stones 
was  observed  in  England,  and  in  the 
U.S.  Kidney  stones,  according  to  Dr. 
Friberg,  is  a  very  serious  disease  and  is 
also  a  sign  of  a  more  generalized 
disorder  of  the  mineral  metabolism  in 
the  kidney  (Tr.  6/6/90,  p.  106). 

Others  held  a  different  opinion  about 
the  prevalence  of  kidney  stones  among 
cadmium-exposed  workers.  For 
example,  Dr.  Spang  stated  that  kidney 
stones  are  common  in  the  general 
population  of  Sweden  (20%  in  men  and 
about  5%  in  women),  and  although  he 
observed  cases  of  kidney  stones  among 
cadmium-exposed  workers,  he  did  not 
know  if  the  prevalence  was  different 
from  that  of  the  general  population  (Exs. 
80;  81). 

Cadmium  may  also  precipitate  clinical 
osteopathy  in  persons  with  inadequate 
dietary  calcium  intake  (Ex.  L-140-50). 
Diets  low  in  vitamin  D  and  calcium  may 
be  a  contributing  factor  to  sequelae 
subsequent  to  cadmium-induced  renal 
dysfunction. 

There  are  at  least  two  hypothesized 
scenarios  by  which  cadmium-induced 
tubular  proteinuria  can  cause  other 
adverse  health  effects  (Ex.  8-086).  Under 
the  first  of  these,  cadmium-associated 
tubular  dysfunction  causes  damage  to 
the  production  of  biologically  active 
metabolites  such  as  vitamin  D  which 
occurs  primarily  in  the  kidney.  Under 
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the  second  scenario,  cadmium  may 
cause  atrophy  of  the  gastrointestinal 
tract  thereby  reducing  its  ability  to 
absorb  essential  elements  such  as 
calcium  and  phosphates.  If  both 
scenarios  are  true,  it  would  lead  to  loss 
of  essential  elements  and  poor 
absorption  of  other  minerals  to  replace 
those  lost 

The  gravity  of  cadmium-induced  renal 
damage  is  compounded  by  the  fact  that 
there  is  no  medical  treatment  to  prevent 
or  reduce  the  accumulation  of  cadmium 
in  the  kidney.  Dr.  Friberg  has  testified 
that  there  is  currently  no  form  of 
chelating  agent  that  could  be  used 
without  substantial  risk  (Ex.  29).  In 
contrast  to  other  heavy  metals,  current 
chelation  therapy  does  not  reduce  the 
body  burden  of  cadmium  without 
producing  significant  renal  damage. 
When  chelated  cadmium  arrives  in  the 
kidneys,  the  cadmium  may  still  be  toxic 
to  renal  cells.  Thus,  large  amounts  of 
cadmium  may  move  from  the  liver  or 
muscle  storage  sites,  overwhelm  the 
kidney’s  usual  attempts  to  store 
cadmium  in  a  less  toxic  form,  and 
accelerate  deterioration  of  renal 
function. 

The  kidney  cortex  contains  about 
three  million  nephrons.  Dr.  Goyer 
testified  that: 

*  *  *  a  young,  healthy  adult  uses  about  half 
of  these  *  *  *  as  *  *  *  their  function  is  lost 
because  of  old  age  or  *  *  *  diseases  *  *  * 
the  number  of  these  that  are  functioning 
through  life  continually  decreases  *  *  *  (Tr. 
6/6/90,  p.  124). 

OSHA  believes  that  the  loss  of  function 
of  the  proximal  tubules  as  indicated  by 
tubular  proteinuria,  elevated  levels  of 
Pi-M  in  the  urine,  constitutes  material 
impairment  of  health. 

OSHA  acknowledges  that  the 
significance  of  the  dysfunction  as 
evidenced  by  elevated  levels  of  fc-M  in 
the  urine  is  controversial.  Part  of  this 
controversy  arises  from  the  fact  that  a 
worker  with  elevated  levels  of  fc-M 
may  not  experience  any  symptoms,  and 
although  tubular  dysfunction  can  be 
determined  through  medical  testing,  it 
usually  does  not  manifest  itself  at  first 
with  overt  symptoms. 

Dr.  Goyer  testified  that  the  confusion 
over  the  interpretation  of  pathological 
significance  of  elevated  levels  of  /32-M 
stems  from  the  fact  that  injury  to  the 
tubuli  ultimately  affects  the  functioning 
of  the  glomerulus.  According  to  Dr. 
Goyer,  the  confusion  lies  in  part  in  the 
fact  that  cadmium’s  earliest  effect  is 
primarily  in  the  tubule,  while  kidney 
function  is  usually  measured  in  the 
glomerulus  (Tr.  6/6/90,  pp.  126-127). 

While  most  physicians  would  agree 
thai  glomerular  effects  and  loss  of  GFR 


must  be  taken  more  seriously  than  a 
slight  elevation  in  /J*-M  in  urine,  the 
finding  of  elevated  levels  of  low 
molecular  weight  protein  in  the  urine  by 
itself  indicates  kidney  dysfunction  in  the 
tubule.  As  Dr.  Friberg  stated  in  his 
testimony,  each  part  of  the  nephron  is 
dependent  on  every  other  part  of  the 
nephron.  It  is  his  expectation  that  if  one 
part  of  the  nephron  suffers  damage  it  is 
more  likely  that  another  part  will  suffer 
damage  (Tr.  6/6/90,  pp.  107-108). 
Ultimately  then,  cadmium-related 
tubular  effects  will  be  manifested  as  an 
effect  on  the  function  of  the  glomeruli, 
either  subsequently  to  or  in  association 
with  the  onset  of  tubular  proteinuria. 

Because  of  the  functional  reserve  of 
the  kidney,  the  adaptive  increase  in  a 
single  nephron’s  glomerular  filtration 
rate,  after  total  or  partial  loss  of  other 
damaged  nephrons,  tends  to  obscure 
injury  until  a  considerable  amount  of  the 
functional  elements  of  the  kidney,  the 
parenchyma,  is  irreversibly  lost.  This 
implies  that  under  normal  conditions, 
the  basal  GFR  is  submaximal.  If  as  has 
been  suggested,  glomerular  balance  is 
very  tightly  maintained,  reduction  of 
tubular  function  may  have  repercussions 
on  the  glomerular  level  (Ex.  149).  Early 
changes  in  glomerular  function  are  not 
necessarily  detectable  by  the 
measurement  of  basal  GFR,  but  such 
changes  may  have  a  significant  impact 
on  health  (Ex.  149).  In  a  study  by  Roels 
(Ex.  149)  it  was  found  that  a  renal 
cadmium  burden  that  had  not  yet 
caused  microproteinuria  did  not  impair 
the  filtration  reserve  capacity  of  the 
kidney,  but  the  age  related  decline  of  the 
baseline  and  maximal  GFR  is 
exacerbated  in  the  presence  of  cadmium 
induced  microproteinuria. 

Not  all  participants  in  the  rulemaking 
agreed  that  elevated  levels  of  &-M 
signified  material  impairment  of  health. 
Mr.  Ken  Storm,  Senior  Industrial 
Hygiene  Specialist  with  Monsanto, 
stated  that  elevated  levels  of  /32-M  may 
reflect  a  temporary  or  permanent  change 
in  renal  function  and  tubular  proteinuria 
may  result  from  a  biochemical  lesion  of 
no  clinical  significance.  According  to 
Mr.  Storm,  tubular  proteinuria  would  be 
more  appropriately  viewed  as  an  early 
indicator  of  pre-clinical  effects  and  not, 
in  and  of  itself,  as  a  material  impairment 
of  health.  Mr.  Storm  stated  that  the 
intent  of  OSHA  to  avoid  tubular 
proteinuria  is  inappropriate  because,  in 
his  opinion,  tubular  proteinuria  is  not  a 
material  impairment  of  health  (Ex.  19- 
14). 

Mr.  Storm  stated  furthermore  that 
urinary  /32-M  and  other  biological 
indicators  of  early  tubular  dysfunction, 
such  as  n-acetyl-d-glucosaminidase 
(NAG),  are  nonspecific  indicators  of 


tubular  proteinuria.  Their  presence  may 
indicate  past  excessive  cadmium 
exposure,  exposure  to  another  renal 
toxin,  or  loss  of  renal  function  due  to  the 
normal  process  of  aging  or  other  natural 
causes  (Ex.  19-14). 

Studies  indicate  that  age  alone  cannot 
account  for  the  excess  of  &-M  observed 
in  cadmium-exposed  workers.  Kowal  et 
al.  (Ex.  8-642)  evaluated  the  levels  of  fc- 
M  in  nonoccupationally  exposed 
populations  in  the  United  States  and 
found  that  the  average  level  in  the 
oldest  group  studied  (107  fig  /k-M/l 
urine)  was  only  marginally  higher  than 
the  average  level  in  the  groups  between 
age  20  and  70  (69  to  84  fig  /32-M/l  urine) 
(referenced  in  Ex.  8-068-B).  In  addition, 
also,  several  researchers  such  as  Dr. 
Elinder  evaluated  the  prevalence  of  fi2- 
microglobulinuria  by  age  among 
occupationally  exposed  populations  and 
concluded  that  age  was  not  an 
important  confounding  factor  (Ex.  L- 
140-45). 

The  specificity  of  /32-M  in  urine  as  a 
marker  of  cadmium-induced  kidney 
dysfunction  is  well  established.  The 
only  other  renal  toxins  or  medical 
conditions  which  lead  to  elevated  levels 
of  &-M  are  anti-cancer  drugs, 
aminoglycosides  (antibacterial 
antibiotics  such  as  streptomycin),  anti¬ 
inflammatory  compounds,  and  upper 
respiratory  infections  (Dr.  Friberg,  Tr. 
6/6/90,  pp.  108-109;  Ex.  L-140-1).  As 
Michael  Thun,  M.D.,  Assistant  Vice 
President  for  Epidemiology  and 
Statistics  at  the  American  Cancer 
Society  testified: 

Low  molecular  weight  proteinuria  *  *  * 
does  occur  from  other  conditions  but  it's 
uncommon  *  *  *  part  of  the  reason  why  the 
(kidney)  data  are  so  consistent  is  that  the 
studies  use  a  rather  specific  marker  of 
cadmium  renal  effects  *  *  *.  (Tr.  6/7/90,  p. 
174) 

Dr.  Bond,  medical  consultant  to  SCM 
Chemicals,  testified  that: 

*  *  *  no  histological  abnormalities  [are] 
seen  in  the  proximal  tubules  *  *  *  when 
there  has  been  modest  increase  in  urinary 
B2MG  and  Cd  *  *  *  (people  with)  *  *  *  mild 
to  moderate  increases  in  urinary  B2MG  and 
Cd  do  not  progress  to  renal  failure  if  there  are 
no  other  causes  present  such  as  infection, 
diabetes,  etc.  (Ex.  77) 

Dr.  Friberg,  however,  stated: 

It  should  be  emphasized  that  tubular 
proteinuria  may  be  accompanied  by  specific 
histological  changes.  Sometimes  such 
changes  have  been  reported  before  the 
functional  changes.  There  are  abundant  data 
from  animal  studies  showing  early 
histological  changes  (Ref.  by  Kjellstrom,  1986. 
pp.  38-43).  Experiments  from  humans  are 
more  limited  as  only  a  small  number  of 
autopsies  or  biopsies  are  available.  To  the 
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extent  available,  histologic  changes  were 
seen  first  of  all  in  the  proximal  tubules  (Ref. 
by  Kjellstrom,  1986,  p.  50-53).  (Ex.  29). 

Morphological  changes  are  those  that 
pertain  to  the  form  or  structure  of  the 
organ.  Histological  changes  are  those 
that  pertain  to  the  minute  structure, 
composition,  and  structure  of  the  tissue 
of  the  organ.  Twenty-three  workers 
were  evaluated  for  whom  autopsy  or 
biopsy  data  on  morphological  changes 
in  the  kidney  were  available  (referenced 
in  Dr.  Friberg’s  written  testimony).  Of 
these,  18  workers  had  proteinuria.  Of 
the  18  workers  with  proteinuria,  all  but 
three  had  morphological  changes  in  their 
kidneys.  There  were  no  cases  of 
workers  with  morphological  changes 
without  proteinuria  (Ex.  144-3,  p.  53).  In 
five  of  the  autopsy  reports,  the 
morphological  changes  in  the  kidneys 
were  mainly  confined  to  the  proximal 
tubules,  whereas  the  glomeruli  were  less 
affected. 

These  results  demonstrate  that 
functional  changes  in  the  kidney  can 
occur  before  the  microscopic  structure 
of  the  kidney  is  severely  damaged.  The 
human  data  on  pathological  changes  are 
limited,  however,  and  animal  data  show 
that  in  some  studies,  morphological 
changes  in  the  tubules  emerge  before 
measurable  proteinuria.  In  the  absence 
of  a  better  test,  however,  it  appears  that 
the  use  of  proteinuria  as  a  screening  tool 
for  morphological  changes  in  the  kidney 
will  identify  all  cases  of  workers  with 
histological  or  morphological  changes  in 
kidney  tissue  as  well  as  identifying 
those  with  only  functional  changes. 

These  results  also  show  that  elevated 
levels  of  fo-M  in  urine  indicate  kidney 
lesions  of  clinical  significance  (Ex.  19- 
14).  While  a  worker  with  elevated  levels 
of  /32-M  in  the  urine  may  not  manifest 
any  overt  symptoms  of  illness, 
nonetheless,  the  tubuli  and  glomeruli 
have  lesions  that  compromise  the 
functioning  of  the  kidney  as  a  filtration 
mechanism.  Any  other  minor  kidney 
trauma  may  progress  rapidly  to  serious 
kidney  damage. 

It  is  clear  from  the  testimony  of  world 
experts  that  elevated  levels  of  /32-M 
should  be  considered  to  signify  material 
impairment.  Dr.  Friberg  testified  that: 

*  *  *  the  beta-2  microglobulin  proteinuria 

*  *  *  should  be  regarded  as  an  adverse  effect 

*  *  *  predictive  of  an  exacerbation  of  the  age 
related  decline  of  the  glomerular  filtration 
rate  *  *  *  the  proteinuria  in  cadmium 
poisoning  is  irreversible  and  is  predictive  of 
more  severe  effects  even  if  the  worker  is 
removed  from  further  cadmium  exposure 

*  *  *  It  is  true  that  an  increased  excretion  of 
low  molecular  weight  proteins  can  be  a  very 
eariy  indicator  of  kidney  dysfunction.  That’s 
not  immediately  of  the  same  clinical 
importance  as  an  overt  renal  disease. 


Nevertheless,  it  is  irreversible  and  the 
beginning  of  a  process  which  has  a  high 
probability  to  lead  to  a  progressive  disease,  a 
decrease  in  the  glomerular  filtration  rate 
which  clearly  is  a  serious  effect  that  easily 
may  lead  to  overt  disease.  When  discussing 
the  kidney  damage  from  cadmium,  it  is 
important  that  we  make  it  clear  that  we  are 
talking  about  serious,  but  often  insidious 
effects  on  vital  organs.  The  kidney  has  a 
considerable  reserve  capacity  but  once  this  is 
consumed  symptoms  may  appear  in  swift 
succession  and  the  condition  of  the  patient 
then  deteriorates  rapidly,  and  the  infection  or 
other,  in  itself  trivial  disorder,  could  be  a 
triggering  mechanism.  It  is  our  responsibility 
to  prevent  this  situation  even  among  a  small 
proportion  of  workers.  (Tr.  6/6/90,  pp.  73,  82, 
86). 

According  to  the  American 
Conference  of  Governmental  Industrial 
Hygienists  (ACGIH): 

Persons  excreting  290  pg/L  Bj- 
microglobulin  are  not  disabled;  indeed  they 
will  not  experience  any  symptoms.  However, 
the  lesion  (from  tubular  proteinuria)  is 
irreversible  and  represents  a  permanent  loss 
of  functional  reserve.  An  infection  or  other 
condition  which  compromises  renal  function, 
but  which  would  not  normally  lead  to  serious 
illness,  could  overwhelm  the  remaining 
kidney  capacity.  (Ex.  8-644) 

Dr.  Kazantzis  did  not  agree  with  these 
positions.  He  testified  that  in  his 
opinion,  tubular  proteinuria  alone  is  not 
accompanied  by  any  specific 
histological  change,  that  its  pathological 
significance  is  unclear,  and  that  renal 
stone  formation  has  been  rare  in 
cadmium  workers  in  recent  years  (Ex. 
19-43A).  Dr.  Kazantzis  stated,  however, 
that  in  a:  i 

*  *  *  small  proportion  of  long-term  heavily 
exposed  cadmium  workers,  tubular 
proteinuria  has  been  followed  by  renal 
glycosuria,  abnormal  aminoaciduria, 
phosphaturia,  and  hypercalcuria.  (Exs.  80;  81) 

Dr.  Kazantzis  continued  that  progressive 
decline  in  renal  function  is  a  slow 
process  in  workers  with  cadmium- 
induced  nephropathy  and  that  this 
decline  is  unlikely  to  progress  to  an 
increased  mortality  from  chronic  renal 
disease.  In  support  of  his  opinion,  he 
cited  his  study  (Ex.  8-603)  in  which 
approximately  7000  cadmium-exposed 
workers  with  more  than  one  year  of 
cadmium  exposure  between  1942  and 
1970  were  followed  up  to  1979  (Ex.  8- 
684).  He  found  an  SMR  of  65  for  all 
deaths  coded  as  nephritis  and  nephrosis; 
the  five  year  update  showed  an  SMR  of 
85.  One  worker  classified  as  being  in  the 
"ever  high”  exposure  subgroup  died 
from  nephritis  and  nephrosis. 

Dr.  Elinder  indicated,  however,  that 
most  workers  in  Dr.  Kazantzis’  study 
had  such  low  cadmium  exposures  that 
cadmium-associated  illnesses  would  not 
be  induced  (Ex.  4-25).  By  combining  199 


workers  with  high  exposures  into  a 
group  with  over  6000  workers  with  low 
exposures  into  one  group,  the  power  of 
the  study  to  find  an  effect  was  reduced 
Increased  mortality  from  chronic 
nephritis  and  nephrosis  has  been 
observed  in  Swedish  battery  workers 
(Exs.  4-68  and  8-740).  The  difference 
between  expected  and  observed  deaths 
in  the  Kazantzis  study  may  well  be  due 
to  local  differences  in  recording  certain 
types  of  information  on  death 
certificates. 

Three  other  epidemiological  studies  of 
cadmium  exposed  workers  have  shown 
increased  mortality  from  kidney 
diseases,  genito-urinary  tract  diseases, 
or  kidney  cancer.  Thun  observed  an 
elevated  SMR  for  genito-urinary  cancer 
(SMR=135,  Obs=6)  in  his  total  cohort 
(Ex.  4-67);  Dr.  Elinder  (Ex.  4-25) 
reported  an  elevated  SMR  for  genito¬ 
urinary  diseases  in  his  total  cohort 
(SMR =300,  Obs=3.0);  and  Holden  et  al. 
(Ex.  4-39)  observed  an  elevated  SMR  for 
genito-urinary  cancer  in  his  total  cohort 
(SMR =122,  Obs=4.0).  Because  the 
number  of  excess  cases  in  each  study  is 
too  small  to  make  these  findings 
statistically  meaningful,  the  relationship 
between  cadmium  exposure  and  risk  of 
death  from  kidney  dysfunction  is  not 
clear.  These  three  mortality  studies, 
however,  provide  consistent  evidence  of 
excesses  of  kidney  illnesses  among 
cadmium-exposed  workers.  This 
suggests  the  possibility  that,  at  least  in 
some  cases,  cadmium-induced  kidney 
dysfunction  may  be  associated  with 
excess  death. 

Death  from  nephritis,  nephrosis  or 
end-stage  renal  disease  is  rare.  Accurate 
death  rates  from  kidney  disease  are 
difficult  to  ascertain,  in  part  because 
such  illnesses  are  uncommon  and  in 
part,  because  they  are  dramatically 
underreported  by  at  least  50%  [personal 
communication  4/30/92,  National 
Institute  of  Diabetic,  Digestive  and 
Kidney  Diseases).  Dr.  Thun  indicated 
that  impaired  renal  function  is 
frequently  underreported  on  death 
certificates  even  when  the  disease  is 
sufficiently  severe  to  require  chronic 
hemodialysis  (Modan  referenced  in 
Thun;  Ex.  4-68).  Under-reporting  results 
because  deaths  from  these  diseases  are 
coded  as  deaths  due  to  complications 
arising  from  the  treatment  of  these 
diseases  or  from  sequelae  to  these 
diseases  such  as  heart  attack,  stroke  or 
diabetes. 

Treatments  for  severe  kidney  diseases 
such  as  dialysis  or  a  kidney  transplant 
are  available  for  those  who  can  afford 
them.  As  Dr.  Friberg  indicated,  several 
of  his  own  patients  had  cadmium- 
induced  uremia  and  died.  If  they  had 
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had  the  opportunity  for  dialysis  or  renal 
transplant,  they  could  have  been  saved 
(Ex.  29).  Such  treatments,  however,  are 
grave,  especially  considering  that  early 
forms  of  kidney  dysfunctions  can  be 
detected  and  more  serious  diseases  can 
be  prevented. 

An  additional  part  of  the  controversy 
over  the  significance  of  tubular 
proteinuria  is  the  question  of  whether  it 
is  a  reversible  effect.  In  response  to  this 
question,  Dr.  Goyer,  citing  a  study  in 
Japan,  stated  that  half  of  the  people  with 
fit-M  levels  in  the  range  of  500  to  1,000 
p.g/g,  followed  for  five  years,  do  not 
show  signs  that  their  disease  is 
reversible.  Dr.  Goyer  testified  that 
indeed,  “The  disease  progressively  gets 
worse  *  *  *  (Tr.  6/6/90,  p.  136).”  Dr. 
Friberg  testified  that: 

The  continuous  release  of  cadmium  from 
the  liver,  also  after  end  of  the  exposure, 
means  that  the  accumulation  of  cadmium  will 
take  place  in  the  kidneys  for  a  long  time  after 
end  of  exposure.  This  was  shown  in  animal 
experiments  as  early  as  1957  by  Gunn  and 
Gould  *  *  *.  Similarly,  there  is  much  data 
showing  that  the  proteinuria  in  chronic 
cadmium  intoxication  is  irreversible  *  *  * 
two  studies  from  Belgium  *  *  *  show  beyond 
doubt  that  several  years  after  removal  of  the 
worker  there  is  either  an  increase  of  low 
molecular  weight  proteins  in  the  urine  or  no 
change  at  all.  There  is  also  an  indication  that 
all  the  subjects  with  normal  levels  of  beta-2 
microglobulin  in  urine  one  year  before 
removal  can  get  pathological  values  *  *  *  a 
few  years  later.  (Tr.  6/6/90,  pp.  74-75) 

The  main  studies  referred  to  by  Dr. 
Friberg  were  five-year  updates  on 
workers  who  had  been  medically 
removed  from  occupational  exposures 
due  to  cadmium  nephrotoxicity 
(reviewed  by  Bernard  and  Lauwerys,  Ex. 
35,  Roels,  Ex.  12-57K).  Among  male 
workers  who  had  been  removed  from 
cadmium  exposure  because  of  elevated 
urinary  excretion  of  fit-M,  RBP,  or 
albumin,  the  evidence  was  that  kidney 
dysfunction  increased  significantly  over 
the  five  year  period.  Once  it  has 
appeared,  Drs.  Bernard  and  Lauwerys 
concluded,  cadmium-induced 
proteinuria  is  in  most  cases  irreversible. 
Bernard  and  Lauwerys  demonstrated 
that  proteinuria  slowly  progresses. 
Despite  their  finding  that  this  evolution 
was  slow,  the  authors  concluded  that 
the  onset  of  proteinuria  should  be 
considered  to  be  an  adverse  health 
effect,  since  such  cadmium  nephropathy 
may  progress  to  renal  insufficiency. 

Dr.  Bond  stated  that  the  clinical 
significance  of  slight  increases  in 
urinary  fit-M  (for  example,  350  p.g/1)  is 
uncertain,  but  that  a  repeated  finding  of 
/3a-M  levels  twice  that  of  normal  would 
more  likely  reflect  a  permanent  effect, 
based  on  his  experience  and  the 
literature.  (Tr.  7/18/90,  p.  169)  Dr.  Bond 


also  agreed  that  cadmium-induced 
proteinuria  must  be  prevented  or 
minimized  in  order  to  prevent  material 
impairment  of  health  (Tr.  7/18/90,  pp. 
150-258, 175-176).  About  20%  of  the 
cadmium  workers  that  Dr.  Bond  has 
medically  evaluated  have  elevated  fit-M 
levels.  Dr.  Bond  removed  two  of  these 
workers  from  cadmium  exposure  in  1988 
when  their  fit- M  levels  in  the  urine  were 
3000  to  5000  pg/1.  Annual  testing  after 
removal  indicated  that  urinary  fit-M  and 
cadmium  levels  did  not  decline 
appreciably.  Dr.  Bond  stated  that  in  his 
opinion,  these  two  workers  are  not  sick 
based  on  results  from  tests  of  their  level 
of  serum  creatinine  and  alpha 
phosphatase  which  measure  kidney 
function  (Tr.  7/18/90,  pp.  189-191).  Dr. 
Bond  did  indicate,  however,  that  he  was 
“concerned”  about  the  welfare  of  these 
two  individuals  because  he  did  not 
know  if  they  were  likely  to  develop  any 
further  problems.  (Tr.  7/18/90,  p.  229) 
According  to  Jarup  et  al  (Ex.  8-681) 
during  the  ten-year  period  of  follow-up 
in  his  study,  none  of  the  cases  of 
elevated  /^-microglobulinuria  (greater 
than  310  fig  fit-  M/g  Cr)  discovered  in 
the  high  dose  groups  were  reversible. 

The  authors  concluded  that  it  was 
unlikely  that  any  of  these  cases  of 
tubular  proteinuria  would  disappear 
after  such  a  long  follow-up  time  and  that 
it  was  quite  possible  that  more  cases  of 
tubular  proteinuria  would  develop  with 
a  longer  follow-up. 

It  is  clear  from  the  record  of  the 
rulemaking  that  despite  some 
controversy,  there  i6  general  agreement 
that  renal  tubular  and  glomerular 
lesions  represent  permanent  loss  of 
kidney  functional  reserve  and  that  the 
lesions  are  irreversible.  A  worker  who 
does  not  experience  overt  symptoms  of 
illness  may  succumb  to  other  illnesses 
more  rapidly.  An  infection  or  other 
condition  which  would  not  normally 
lead  to  serious  illness  but  which 
compromises  kidney  function  could 
overwhelm  the  remaining  kidney 
capacity  (Ex.  8-644).  A  worker  who  has 
only  slightly  elevated  levels  of  /32-M  in 
urine  may  later  develop  proteinuria, 
even  after  cessation  of  exposures,  or  the 
worker  may  develop  more  severe  forms 
of  renal  dysfunction.  Such  dysfunction  is 
of  great  concern  to  OSHA.  Renal 
compromise,  described  above,  meets  the 
definition  of  material  impairment  as 
intended  in  the  OSH  Act  and  as  defined 
in  this  final  standard  (sec.  6(b)(5)). 

e.  The  renal  effect  of  cadmium 
pigments  and  other  less  soluble  forms  of 
cadmium — A  review  of  the  literature 
and  comments.  OSHA  received 
substantial  comment  on  the  renal 
toxicity  of  insoluble  cadmium 
Compounds,  particularly  cadmium 


pigments  (Exs.  19-42-A;  19-14). 
“Solubility"  is  the  process  by  which  one 
substance  is  dissolved  in  another  and  is 
separated  into  its  components  by 
chemical  action.  Some  cadmium 
compounds  like  cadmium  oxide  and 
cadmium  sulfide,  are  relatively  less 
soluble  than  others  such  as  cadmium 
chloride  and  cadmium  sulfate.  It  has 
been  hypothesized  that  less  soluble 
compounds  may  be  less  bioavailable 
than  more  soluble  compounds  and 
therefore  less  toxic.  “Bioavailability”  of 
cadmium  compounds  refers  to  the 
dfegree  to  which  cadmium  becomes 
available  to  the  target  tissue  after 
exposure. 

Several  commentors  and  hearing 
participants  were  of  the  opinion  that 
insoluble  cadmium  compounds  are  less 
toxic  to  the  kidney  (Exs.  19-42-A;  19-41; 
14-14).  For  example,  according  to  the 
Society  of  Plastics  Industries  (SPI),  a 
trade  organization  of  more  than  2000 
members  representing  all  segments  of 
the  plastics  industry,  the  health  effects 
associated  with  cadmium  have  been 
observed  when  exposure  has  been  to 
compounds  that  are  not  typically  used  in 
the  coloration  of  plastics  (Ex.  19-41).  SPI 
also  stated  that  a  variety  of  animal 
studies  indicate  that  cadmium  sulfide 
and  other  similar  cadmium-based 
pigments  are  significantly  less 
bioavailable  than  other  cadmium 
compounds.  They  cited  the  Agency  for 
Toxic  Substances  and  Disease 
Registry’s  (ATSDR)  Toxicological  Profile 
for  Cadmium  (1989)  to  support  their 
position: 

The  toxicity  of  cadmium  depends  on  the 
chemical  and  physical  forms  of  the  element. 
In  general,  soluble  compounds  *  *  *  are 
better  absorbed  and  hence  more  toxic  than 
highly  insoluble  forms  *  *  *.  Studies 
described  here  are  focused  mainly  on 
cadmium  oxide  or  cadmium  chloride,  and  the 
results  cannot  be  applied  equally  to  all  other 
cadmium  compounds  (ATSDR,  as  quoted  in 
SPI  Ex.  19-41,  p.  6). 

In  a  written  submission  to  the  record. 
Richard  Bidstrup,  Counsel  for  SCM 
Chemicals,  Inc.,  also  supported  such  a 
position  (19-42A).  He  argued  that 
cadmium  pigments  are  less  soluble  and 
less  bioavailable,  and  thus  less  toxic  to 
the  kidney.  He  noted  that  toxicity  to  the 
kidney  from  cadmium  pigments  is  one  to 
three  orders  of  magnitude  less  than  for 
other  forms  of  padmium  and  that: 

*  *  *  these  results  are  consistent  with  the 
mechanistic  and  solubility  data  indicating 
that  cadmium  ions — the  toxic  agent  of 
concern — are  much  less  bioavailable  from 
cadmium  pigments  than  from  other  forms  of 
cadmium.  (19-42A) 

Mr.  Bidstrup,  on  behalf  of  SCM,  and 
other  commentors  (Ex.  19-42-A),  cited 
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separate  studies  performed  by  Miksche, 
Feitz,  and  Greenberg  as  sufficient 
evidence  of  lower  renal  toxicity  of 
pigments.  These  studies  are  reviewed  in 
more  detail  below. 

i.  Miksche  (Ex.  12-10-E).  In  this  study 
published  in  the  Proceedings  of  the 
Third  International  Cadmium 
Conference,  Miami,  1981,  by  the 
Cadmium  Association,  Cadmium 
Council,  and  Ilzro,  Inc.,  the  effect  of 
cadmium  exposure  on  health  was 
evaluated  in  a  group  of  36  workers 
involved  in  cadmium  pigment 
production  and  21  workers  involved  in 
acrylonitrile-butadiene  styrene  (ABS) 


plastics  production.  The  location  of  the 
facilities  was  not  indicated. 

Concentrations  of  CdB  and  CdU,  and 
/32-M  levels  in  urine  were  available  from 
periodic  medical  surveillance 
examinations  conducted  since  1980.  The 
02-M  in  urine  was  measured  using  the 
Phadebas  radioimmunological  method 
developed  by  Pharmacia.  Measurement 
was  either  completed  on  the  day  of 
urine  sampling  or  the  samples  were 
frozen  immediately  and  kept  at — 20°  C 
until  the  analysis  was  performed; 
sample  pH  levels  were  not  presented. 

These  workers  in  the  cadmium 
pigment  production  plant  had  an 
average  of  11.75  years  of  employment 


(range  of  1  to  32  years).  The  average  air 
concentrations  reported  were  for  1977, 
1979,  and  1980  as  50  pg/m3,  30  pg/m3, 
and  30  pg/m3,  respectively.  Among  the 
21  plastics  production  workers  engaged 
in  the  application  of  cadmium  pigments, 
the  average  length  of  employment  was 
11.3  years  (range  of  4  to  15  years).  No 
exposure  levels  were  reported  for  this 
latter  group  of  workers.  Miksche 
indicated  that  an  age-matched  control 
group  of  workers  without  occupational 
exposure  to  cadmium  was  used  for 
comparisons  with  the  group  of  pigment 
applicators.  The  results  from  this  study 
are  in  Table  V-17. 


Table  V-1 7.— Cadmium  Concentrations  in  Blood  and  Urine  and  Beta  2  Microglobulin  Concentrations  in  Urine  of 

Workers  in  Pigment  Production  or  Application 


Group 

Number 

CdB* 

CdU* 

fr-M  U  3 

36 

10-3±£4 

(2-36) 

1.345±0.29 

(0.4-30) 

8.78±2.18 

(0.5-38) 

1.54±0.29 

77.35±22.36 

Pigment  application . . . . . . . . . . 

21 

(17.6-304) 

(0.4-3.1) 

1.26±0.28 

1  Moan  cadmium  in  blood  level  [(Mean±2SEM,  or  standard  error  of  the  mean)  and  range],  pg/titer  whole  blood. 

9  Mean  cadmium  in  urine  level  [{Mean±2SEM,  or  standard  error  of  the  mean)  and  range],  pg/gram  creatinine. 

3  Mean  Beta  2  microgtobuHn  in  urine,  pg/grem  creatinine,  [(Mean±2SEM,  or  standard  error  of  the  mean)  and  range]. 


Miksche  reported  no  indications  of 
elevated  levels  of  /fe-M  among  the 
exposed  workers.  Mean  levels  of  CdB 
and  CdU  among  the  pigment  production 
workers  were  above  10  pg/lwb  and  5 
pg/g  Cr  respectively  which  are  the  „ 
levels  judged  normal  by  other 
researchers  (e.g.  Ex.  29).  Miksche 
reported  finding  no  correlation  between 
02-M  levels  in  urine  and  concentration 
of  cadmium  in  air.  Little  exposure  data 
were  provided,  however,  to  evaluate 
this  conclusion.  The  only  exposure  data 
reported  were  the  average  air 
concentrations  for  three  years  while  the 
study  covered  32  years  of  time  during 
which  some  of  the  production  workers 
were  potentially  exposed.  In  addition, 
information  on  the  intermittency  of  the 
exposures  at  these  facilities  or  on  the 
degree  of  respirator  usage  was  not 
provided. 

ii.  Fietz  et  al,  (Ex.  12-10-F).  The  study 
by  Fietz,  published  in  the  Proceedings  of 
the  Fourth  International  Cadmium 
Conference,  Munich,  1983,  by  the 
Cadmium  Association,  Cadmium 
Council  and  Ilzro,  included  67  workers 
engaged  in  the  production  of  cadmium 
pigments  and  32  workers  engaged  in  the 
further  processing  of  those  pigments. 

The  location  of  the  plants  was  not 
provided.  Data  for  the  study  were 
provided  by  the  company(ies)  from 


occupational  health  screening  reports 
and  company  exposure  monitoring  data. 
Among  the  information  on  biological 
parameters  included  in  the  medical 
evaluations  were  levels  of  CdB,  CdU, 
urine  creatinine  and  /fc-M  in  urine.  #»-M 
in  urine  was  measured  using  a  Phadebas 
test.  Normal  or  “tolerable  levels”  for 
these  biological  markers  were  selected 
based  upon  principles  laid  down  in  BG 
Principle  G  32  (referenced  in  Fietz). 
These  levels  were:  CdU  <  17  pg/g  Cr, 
CdB  <  15  pg/lwb  (BAT);  and  &-M  < 

300  pg/1  urine.  According  to  the  authors, 
smoking  data  were  not  analyzed  since 
there  were  no  differences  observed 
between  smokers  and  non-smokers. 

Sampling  for  airborne  exposures 
included  both  personal  and  area 
samples.  Air  measurements  were 
maximum  short-term  exposures  for  a 
duration  of  30  minutes  to  two  hours. 
Critical  workplaces  were  measured 
more  frequently  than  noncritical 
workplaces. 

Workers  in  the  study  were  placed  into 
five  different  categories  based  on  the 
type  of  jobs  performed  within  a 
specified  area.  Groups  I  through  III  were 
involved  in  pigment  manufacturing  (e.g. 
raw  material  mixing,  combustion, 
washing,  drying  and  finishing).  Groups 
IV  and  V  were  involved  in  pigment  use 
and/or  processing  (e.g.  paint 


formulation  and  pigment  mixing).  The 
authors  indicated  that  exposure  to 
cadmium  pigments  comprised  about  half 
of  the  working  time  for  each  worker. 

Two  subgroups  of  workers  were  also 
identified:  Group  A  included  those  who, 
on  average,  had  worked  more  than  ten 
years,  and  Group  B  included  workers 
who,  on  average,  had  worked  four  years. 

The  average  exposures  per  year  were 
provided,  for  the  time  period  from  1978 
to  1982.  Exposures  to  cadmium  for 
groups  I— III  ranged  from  14  to  201  pg/m3, 
with  the  levels  decreasing  over  time. 
Some  workers  in  groups  I  and  III  had 
higher  exposures,  ranging  from  175-1336 
pg/m3,  but  the  authors  stated  that 
respirators  were  required  for  these 
workers. 

For  group  IV,  the  exposure  level  was 
estimated  to  be  20  pg/m3  in  1981  and  39 
pg/m3  in  1982.  For  Group  V,  only  the 
exposure  levels  for  1982  were  given, 
ranging  from  0.5  to  10  pg/m3.  These 
values  were  much  lower  than  those 
found  in  pigment  production/ 
manufacturing. 

The  B2-M  excretion  among  workers  in 
pigment  production  is  indicated  in  Table 
V-18.  The  levels  of  CdB  and  CdU  among 
workers  in  pigment  production  are 
indicated  in  Table  V-19. 
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Table  V-18.— AtMicroglobulin  Excretion  of  Workers  in  Pigment  Production  Average  Levels  of  &-M  in  Urine  (/xg/ 

GRAM  CREATININE) 


Groups 

1979 

1980 

1981 

1982 

Mean 

l-A . 

99.3 

48.9 

29.5 

78.3 

64.0 

I-B . 

28.0 

43.9 

30.9 

51.1 

39.4 

H-A . 

103.1 

146  6 

38.24 

220.8 

128.3 

Il-B . .  1 . T-T-„  . , _ _ 

51.2 

31.0 

23.4 

50.3 

37.8 

ill— A . . . 

727.0 

457.0 

67.15 

47.8 

279.8 

Ill-B . 

63.6 

79.5 

38.2 

33.6 

50.6 

Table  V-1 9.— Levels  of  Cadmium  in  Blood  and  Urine  Among  Workers  in  Pigment  Production  Average  Levels  of 
Cadmium  in  Blood  (p.g/UTER  whole  blood)  and  Cadmium  in  Urine  (g/GRAM  creatinine) 


Group 

Cadmium  in  Wood 

Cadmium  In  urine 

Year 

1978 

1979 

1980 

1981 

1982 

1978 

1979 

1980 

1981 

1982 

IA . 

20 

15 

11 

7 

7 

9.2 

10.9 

9.1 

8.4 

IB . 

12 

8 

9 

7 

9 

5.4 

7.1 

6.4 

6.3 

I!A . 

19 

19 

13 

14 

16 

15.2 

14.1 

10.0 

12.7 

113 . 

8 

6 

5 

6 

3.2 

3.1 

3.1 

3.1 

Ill  A . 

16 

10 

9 

8 

fyi 

10.0 

12.2 

6.9 

8.5 

IIIB . 

11 

6 

6 

8 

Ka 

4.1 

'  5.3 

4.8 

4.5 

CdU  and  /32-M  levels  were  higher  in 
the  production  workers,  Groups  I— HI. 
than  for  pigment  users  with  lower 
exposures  (Groups  IV-V).  According  to 
Fietz,  workers  in  Groups  IV  and  V  had 
levels  of  CdB,  CdU  and  /32-M  in  urine 
that  corresponded  to  the  levels  of 
unexposed  normal  groups,  but  these 
levels  were  not  given. 

Each  worker  in  Group  A  received 
greater  exposure  which  was  evident 
from  their  higher  CdB,  CdU  and  &-M 
levels.  The  CdU  levels  of  workers  in 
Group  B  were  considered  to  be  tolerable 
levels,  based  on  the  criteria  stated 
above.  On  the  basis  of  these  limits, 
seven  production  workers  had  to  be 
removed  to  a  cadmium  free  workplace 
as  a  precaution  against  further  damage. 

The  authors  concluded  that  the  study 
showed  that  the  use  of  technical 
measures  such  as  exhaust  ventilation, 
sealing  of  machines,  enclosure  of 
sources  of  dusts  and  consistent  use  of 
respirators  can  reduce  the  cadmium  air 
levels  and  the  harmful  effects  from 
cadmium.  The  results  from  the  study, 
however,  are  limited  for  evaluating 
whether  the  low  levels  of  cadmium  and 
/Ja-M  in  the  urine  observed  in  the 
pigment  users  were  the  result  of  the 
lower  absorbability  of  cadmium 
pigments  or  lower  cadmium  air 
concentrations. 

iii.  Greenberg  et  al.  (Ex.  12-10-G).  The 
Greenberg  study  was  a  follow-up  study 
of  38  workers  exposed  to  both  lead  and 
cadmium  during  the  manufacturing  of 
pigments  and  vitreous  enamels.  The 
follow-up  was  performed  in  two  phases, 
one  in  Pittsburgh  and  one  in  Cleveland. 
The  results  of  this  study  were  published 


in  the  Archives  of  Environmental 
Health,  in  1986. 

In  the  Pittsburgh  phase  of  the  study, 
all  workers  at  the  plant  were  contacted 
through  their  union  representatives,  and 
over  a  seven  month  period,  a  total  of  44 
workers  (40%)  volunteered  for  admission 
to  the  Clinical  Research  Unit  of  the 
University  of  Pittsburgh  School  of 
Medicine.  During  a  three  day  in-patient 
stay,  detailed  work  and  exposure 
histories  were  obtained,  a  physical 
examination  was  performed,  and 
detailed  laboratory  studies  were 
undertaken.  Subjects  were  considered 
smokers  if  they  had  ever  regularly 
smoked. 

The  second  phase  of  the  study  was 
performed  at  the  Cleveland  work  site 
during  a  single  session  two  to  nine 
months  after  the  Pittsburgh 
hospitalization.  Workers  who 
participated  in  the  Pittsburt  phase  of  the 
study  were  evaluated  for  tibia  lead 
content  by  x-ray  fluorescence  and  for 
liver  and  kidney  cadmium  content  by 
neutron  activation. 

In  order  to  evaluate  renal  function, 
urine  was  collected  for  determination  of 
24  hour  creatinine,  Pt-M,  and  cadmium 
excretion.  The  normal  value  for  fa-M 
was  set  at  <  370  /xg/24  hour  sample. 

CdU  concentrations  greater  than  5  p.g/1 
and  CdB  levels  greater  than  7  /xg/lwb 
were  considered  to  be  abnormal 
(Tsuchiya,  referenced  in  Greenberg). 
Total  urinary  protein  levels  were 
considered  to  be  abnormal  if  the  levels 
exceeded  150  mg/24  hour.  Maximal 
urine  concentrating  ability  after  an  18 
hour  water  deprivation  was  determined 
to  establish  abnormal  urinary  osmolality 
(>800  mOsm/kg). 


As  part  of  the  renal  function  tests 
performed  for  these  workers,  minimum 
urine  pH  was  determined.  This  test  was 
performed  using  the  oral  administration 
of  ammonium  chloride  (Wrong  and 
Davies,  referenced  in  the  paper).  Normal 
pH,  as  stated  in  the  paper,  was  less  than 
5.4.  Urine  pH  was  not  reported  for  the 
urine  samples  used  in  the  determination 
of  Pi- M  levels,  but  the  normal  level 
achieved  during  renal  function  testing, 
pH  <5.4  in  30  of  31  workers  tested,  is  a 
level  at  which  /32-M  in  urine  will 
degrade.  It  is  unclear  wheiher  the 
ammonium  chloride  test  interfered  with 
the  accuracy  of  urinary  /82-M 
determinations. 

As  part  of  the  preliminary  screening, 
environmental  exposures  to  cadmium 
and  lead  were  determined  by 
measurement  of  airborne  concentrations 
of  the  two  metals  in  personal  and  area 
air  samples.  For  the  38  workers  who 
provided  such  data,  the  average  length 
of  employment  reported  was  20.7  years 
(11  to  37  years).  Cadmium  air  levels 
were  reported  as  "single  measurements” 
with  a  range  of  0  to  384  /xg/m3.  The 
mean  airborne  level  of  cadmium  in 
maintenance  departments  was  reported 
as  5  pg/m3.  The  mean  airborne  level  of 
cadmium  in  “cadmium  departments" 
was  reported  as  229  pg/m3.  The  authors 
did  not  state  whether  these  values  were 
time  weighted  averages  (TWA).  The 
authors,  however,  did  state  that  31 
percent  of  the  values  among  all  workers 
measured  exceeded  the  NIOSH 
recommended  level  of  40  pg/m3,  which 
is  a  TWA. 

Detailed  work  history  information, 
reported  by  the  workers  during  the 
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medical  examinations  in  the  hospital, 
was  scored  for  exposure  to  cadmium  or 
lead  independently  according  to  a 
protocol  established  by  Greenberg.  If  a 
worker  was  never  warned  that  his/her 
CdU  or  CdB  levels  were  elevated  as 
determined  by  plant  safety  officials  or  if 
a  worker  never  worked  in  an  exposure 
area,  the  worker  was  classified  as 
having  no  exposure.  Workers  were 
classified  as  having  light  exposures  if 
they  had  no  elevated  levels  of  CdU  or 
CdB  or  they  worked  briefly  or 
transiently  in  exposure  areas.  Workers 
were  classified  as  having  moderate 
exposures  if  their  CdU  or  CdB  levels 
were  normal  or  moderately  elevated,  if 
more  than  half  of  their  work  time  was 
spent  in  exposure  areas,  or  if  they  were 
a  smelter  operator.  Workers  were 
classified  as  having  heavy  exposures  if 
their  levels  of  CdU  or  CdB  were  known 
to  have  been  high,  they  had  been 
removed  from  their  job  site  because  of 
elevated  levels,  and/or  they  were 
exposed  to  intense  or  prolonged 
exposure.  For  some  workers,  this 
information  was  unavailable  and  these 
workers  were  classified  as  having 
unknown  exposure  levels.  Workers  who 
were  unable  to  recall  warnings  about 
levels  of  cadmium  in  blood  or  urine 
were  classified  as  having  been 
moderately  exposed. 

Owing  to  the  long  duration  of 
employment  and  the  plant  policy  of 
switching  workers  from  one  area  to 
another,  most  workers  had  mixed 
exposure  to  both  lead  and  cadmium 
processing  areas.  As  a  rule,  subjects 
were  unable  to  recall  details  of 
warnings  about  toxic  blood  urine  lead  or 
cadmium  levels.  Thus  the  bulk  of 
subjects  were  classified  as  having 
moderate  exposure  to  both  metals. 

The  authors  reported  that  normal 
kidney  cadmium  burdens  were 
considered  to  be  levels  up  to  8.6  mg  for 
non-smokers  and  12  mg  for  smokers. 
Normal  liver  concentrations  of  cadmium 
were  up  to  7.0  pg/g  and  9.5  pg/g  for 
these  two  groups,  respectively.  The 
authors  considered  that  the  critical 
value  for  renal  cadmium  content  was  30 
mg.  Workers  were  classified  according 
to  smoking  status  since  cigarette 
smoking  constitutes  a  significant 
exposure  to  cadmium.  The  mean  value 
of  kidney  burden  for  nonsmokers 
(7.4±4.4  mg)  was  significantly  lower 
(P  <  .02)  than  the  value  of  12.3  ±7.2  mg 
for  smokers.  Four  of  18  (22%) 
nonsmokers  and  8  of  20  (40%)  smokers 
had  kidney  burden  values  above  normal. 
No  subject  had  a  kidney  burden  above 
the  critical  concentration  of  30  mg. 

The  mean  liver  cadmium  value  in 
nonsmokers  was  4.5  ±2.6  pg/g  and  was 


significantly  lower  than  the  7.90±4.9 
pg/g  value  of  their  co-workers  who 
smoked  (p<.02).  Four  of  18  nonsmokers 
(22%)  and  5  of  20  smokers  (25%)  had 
liver  cadmium  levels  above  normal.  No 
worker  had  a  value  for  liver  cadmium 
above  40  pg/g,  the  value  at  which  it  has 
previously  been  shown  that  renal 
cadmium  levels  are  associated  with 
renal  damage. 

Urinary  cadmium  concentrations 
averaged  3.4±3.7  pg/1  and  ranged  from 
undetectable  to  16  g/1.  Three  of  38 
workers  (8%)  had  elevated  cadmium  in 
urine  concentrations.  CdU  excretions 
ranged  from  undetectable  to  24.5  pg/24 
hr  (mean =6.43 ±7.7  pg/24  hr).  CdB 
levels  ranged  from  below  the  1  pg/lwb 
detection  limit  to  9  pg/lwb.  If  the 
undetectable  values  were  taken  to  be  1 
pg/lwb,  the  mean  value  was  3±2  pg/ 
lwb.  Three  of  37  subjects  (8%)  had 
values  above  the  upper  limit  of  normal 
for  CdB  (7  pg/lwb).  Three  workers  had 
elevated  levels  of  /32-M.  Three  workers 
had  abnormal  levels  of  total  protein  in 
urine. 

The  results  of  the  qualitative  dose- 
response  among  smokers  are  presented 
in  Table  V-20.  It  was  not  possible  to 
perform  a  similar  analysis  in  the 
nonsmokers  because  virtually  all  these 
workers  gave  a  history  of  moderate 
occupational  exposure. 

Table  V-20.— Cadmium  in  Urine  Levels 
Among  Smoking  Workers  With  In¬ 
dustrial  Exposure  to  Cadmium  Pig¬ 
ments  (Greenberg,  1986) 


Cadmium 

levels 

Exposure  history 

High  N=5 

Moderate 

N=9 

Low 

N=4 

Liver  fag/g).. 

11.0±6.1 

7.1  ±4.7 

6.0±4.2 

Kidney  (mg).. 

17.2  ±9.4 

13.3±6.0 

6.4  ±2.5 

Urine  (^g/ 
24hr) . 

*  11.2±8.7 

*6.6±4.1 

1.2±1.7 

1  Significantly  different  when  compared  to  low  ex¬ 
posure  group. 


Few  significant  renal  abnormalities 
were  observed  in  this  cohort  of  exposed 
workers.  The  prevalence  of  increased 
B2-M  or  protein  excretion  was  low;  only 
six  workers  had  an  increase  of  one  or 
the  other  and  only  two  of  these  workers 
had  excessive  cadmium  body  burdens. 
When  measured  body  burdens  of 
cadmium  were  accounted  for,  however, 
it  was  not  surprising  that  the  evidence  of 
renal  dysfunction  attributable  to 
cadmium  was  low.  The  highest  kidney 
cadmium  burden  in  any  of  the  subjects 
in  the  study  was  approximately  20  mg,  a 
value  below  the  31  —42  mg  value  that 
has  been  shown  in  previous  studies  to 
be  the  critical  level  for  renal  toxicity.  A 
dose-response  model  used  by  these 


authors  previously,  according  to 
Greenberg  et  al.,  would  have  predicted 
that  less  than  five  percent  of  the 
population  in  the  present  study  should 
have  abnormal  urinary  /32-M  0r  protein 
excretion.  The  authors  stated  that  the 
relatively  low  renal  burdens  seem, 
therefore,  to  reflect  low  exposure 
conditions. 

iv.  De  Silva,  (Ex.  8-716).  De  Silva  and 
Donnan  conducted  a  study  of  past  and 
present  workers  at  a  small  cadmium- 
pigment  manufacturing  plant  in 
Australia.  Cadmium-in-air  tests  were 
conducted  in  July  1977.  Personal 
samplers  were  worn  for  at  least  three 
shifts  by  each  of  the  men  working  on  the 
three  main  processes:  Furnace  work, 
crushing,  and  general  duties  and 
cleaning.  The  results  indicated  that  all 
TWA  exposures  were  greater  than  1 
mg/m3,  with  about  50  percent  of  the  dust 
in  the  respirable  range.  There  was  little 
difference  in  the  exposures  experienced 
by  men  carrying  out  different  duties. 

The  furnace  operated  almost 
continuously  whereas  exposure  during 
other  processes,  general  duties,  milling, 
crushing,  and  cleaning,  were 
intermittent.  The  furnace  operation  was 
usually  carried  out  by  the  same  two  men 
whose  CdB  concentrations  confirmed 
their  heavy  exposure  (54  pg  Cd/lwb  and 
24  pg/lwb). 

The  three  most  heavily  exposed 
workers,  the  two  furnace  operators  and 
a  raw  blend  operator,  experienced 
respiratory  damage  and  symptoms  of 
kidney  dysfunction  after  only  seven 
years  of  employment.  The  estimated 
weekly  average  total  cadmium  dust 
exposure  of  these  workers  was 
approximately  1.5  mg/m3  for  the  furnace 
operators  and  approximately  2  mg/m3 
for  the  raw  blend  operator.  For  workers 
engaged  in  other  duties,  dusty  work 
occupied  about  half  their  time,  and  their 
estimated  weekly  average  total 
cadmium  dust  exposure  was 
approximately  0.7  mg/m3. 

The  levels  of  cadmium  in  blood  and 
urine  (CdB  and  CdU)  were  measured  in 
the  workers.  Excessive  absorption  of 
cadmium  was  found  in  five  of  nine 
current  workers.  All  five  had  CdU  levels 
at  or  above  10  pg/1,  and  two,  with  CdU 
levels  in  excess  of  25  pg/1,  had 
proteinuria.  Three  older  men,  two  past 
employees  and  the  factory  manager  who 
had  not  been  engaged  in  production 
work  for  at  least  ten  years,  were  found 
to  have  elevated  levels  of  CdU  although 
exposure  had  ceased  many  years 
earlier.  In  all  three  of  these  cases, 
proteinuria  was  present. 

Three  current  workers  and  the  three 
older  men  had  been  employed  in 
production  at  the  plant  for  at  least  7 
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years.  Each  of  these  men  experienced 
chronic  cadmium  poisoning  and  showed 
signs  of  renal  tubular  damage.  Two  of 
the  current  employees,  one  of  whom  had 
severe  symptomatic  emphysema,  were 
excreting  more  than  40  pg/day  of 
cadmium,  had  protein  in  their  urine,  and 
had  impaired  ability  to  acidify  and 
concentrate  urine.  The  other  current 
employee  was  excreting  22  pg/day  of 
cadmium  in  urine,  and  although  he  was 
not  passing  proteins,  there  was  evidence 
of  damage  to  his  kidney  tubules.  His 
respiratory  function  tests  showed 
moderately  severe  emphysema.  The 
plant  manager  who  had  not  been 
exposed  for  over  ten  years  was  passing 
cadmium  at  the  rate  of  14  pg/day.  He 
had  proteinuria  and  decreased  ability  to 
acidify  and  concentrate  urine.  Another 
of  the  older  employees  had  been 
examined  for  cadmium  poisoning,  and 
the  third  older  employee  had  a  mild 
defect  in  concentration  and  acidification 
of  urine  and  a  moderate  obstruction  of 
his  airways. 

None  of  the  men  with  exposures  for 
less  than  seven  years  showed  symptoms 
when  the  initial  study  was  conducted, 
although  one  worker  did  have  a  mild 
airway  obstruction.  When  renal  function 
tests  were  conducted  on  these  workers 
some  two  and  one-half  years  later, 
however,  symptoms  began  to  appear. 

One  worker  had  a  decreased  ability  to 
concentrate  urine,  although  no 
proteinuria  was  detected,  while  another 
worker  showed  normal  renal  function 
but  intermittent  proteinuria.  Exposures 
roughly  equivalent  to  78  pg/ms  over  a  45 
year  working  lifetime  (at  700  pg/m3  for 
three  to  five  years,  or  3,500  pg/m3-yrs 
for  a  maximum  cumulative  exposure) 
resulted  in  signs  of  cadmium  poisoning 
not  associated  with  clinical  symptoms. 

The  results  of  this  study  indicate  that 
kidney  damage  may  occur  even  when 
concentrations  of  cadmium  in  urine  are 
low  (i.e.  15  pg/1)  in  workers  with  current 
exposure  to  cadmium.  The  authors 
suggest  that  if  CdU  levels  exceed  15  pg/ 
day,  (the  approximate  equivalent  of  15 
pg/1),  they  should  be  regarded  as 
unacceptably  high,  and  should  be  kept 
below  15  pg/day  to  avoid  the  possibility 
of  renal  damage.  In  the  case  of  the  three 
people  with  past  exposure  to  cadmium, 
cadmium  in  urine  remained  below  15 
pg/day,  according  to  the  authors,  but 
this  did  not  indicate  freedom  from 
kidney  damage.  The  authors  concluded 
the  respirable  fraction  of  insoluble 
cadmium  dust  should  not  be  regarded  as 
merely  nuisance  dust. 

v.  Wibowo  et  al.,  (Ex.  8-729).  In  1982, 
Wibowo  conducted  a  study  of  “second 
degree"  users  of  cadmium  compounds  in 
the  Netherlands.  Thirty-four  pairs  of 


workers,  one  exposed  and  one  control, 
were  matched  according  to  age,  smoking 
habits,  ethnic  origin  and  factory.  Study 
subjects  were  employed  in  one  of  five 
factories:  A  glass  bottle  production  plant 
using  cadmium  pigments  for  label 
decoration;  a  plastic  production  plant 
using  cadmium  stabilizers;  a  cadmium 
plating  department  of  an  aero-engine 
factory;  a  wall-paper  decoration  plant 
using  cadmium  stabilizers  and  pigments; 
and  a  television  tube  production  factory 
using  cadmium  sulfide  for  its 
flourescence  property.  Cadmium 
exposure  in  each  of  the  factories  was 
characterized  as  low,  but  no  exposure 
data  were  presented. 

Workers  were  evaluated  for  renal 
effects.  Venous  blood  and  spot  urine 
samples  were  collected  to  measure  CdB, 
hemoglobin,  hematocrit,  CdU,  /J*-M  in 
urine,  and  creatinine  in  urine. 
Measurements  of  /J*-M  were  performed 
according  to  the  radioimmunoassay 
method  with  the  Phadebas  ^2-microtest 
kit  (Pharmacia  Diagnostics)  and  were 
standardized  to  the  creatinine  content  of 
the  urine.  To  prevent  degradation  of  &- 
M.  the  pH  was  brought  to  above  5.5  by 
adding  0.5  M  NaOH.  For  external 
control,  the  laboratory  participated  in  an 
international  comparison  program  for 
CdB. 

Results  of  the  analysis  lead  the 
authors  to  conclude  that  in  “second 
degree"  cadmium  users,  low  cadmium 
exposures  are  reflected  in  CdU  levels 
but  not  in  CdB  levels.  This  in  turn  would 
indicate  an  increased  body  burden  due 
to  long  term,  low  level  “second  degree” 
occupational  exposure  to  cadmium.  An 
observation  of  statistically  significantly 
elevated  CdB  and  CdU  levels  among 
exposed  workers  in  the  aero-engine 
factory  relative  to  controls  supported 
this  position.  The  authors  concluded 
that  even 

*  *  *  At  the  very  low  levels  of  exposure  the 
body  burden  increases  with  the  duration  of 
cadmium  exposure  and  indirectly  with 
smoking  habits.  (Ex.  8-729} 

vi.  Verschoor  et  al.,  (Ex.  19-42-8).  In 
1987  Verschoor  conducted  a  study  of 
renal  function  in  27  workers  with  second 
degree  cadmium  exposures.  The 
workers  were  employed  in  one  of  two 
plants  that  were  in  the  Netherlands; 
nineteen  worked  in  a  plant  where 
cadmium  is  incorporated  into  the 
production  of  plastics  (plant  A),  and 
eight  worked  in  a  plant  where  cadmium 
was  used  in  the  welding  of  radiators 
(plant  B).  Eight  workers  at  a  grain 
elevator  located  in  the  same  geographic 
area  as  the  plastics  production  plant 
who  had  no  occupational  exposure  to 
cadmium  served  as  controls.  These  eight 


were  of  similar  age  and  smoking  habits 
as  the  exposed  workers. 

One  subject  from  plant  B  was  known 
to  have  clinical  renal  dysfunction  and 
was  excluded  from  the  analysis.  (This 
dysfunction  had  existed  for  more  than 
ten  years  and  had  not  been  caused  by 
cadmium  exposure.)  The  analyses, 
therefore,  were  carried  out  on  26 
exposed  workers  and  8  referents. 

Spot  urine  samples  and  venous  blood 
samples  were  collected  using  standard 
procedures  to  protect  against 
contamination.  Cadmium-free 
disposable  syringes  and  polythene  tubes 
and  boxes  were  used  for  the  sample 
collection.  CdB  and  CdU  levels  were 
measured  for  biological  monitoring.  /J2- 
M  and  creatinine  in  serum,  blood  urea 
nitrogen  (BUN),  and  IgG  and  albumin  in 
urine  were  measured  to  evaluate 
glomerular  function.  RBP  and  /32-M  in 
urine  and  the  lysosomal  enzyme  NAG  in 
urine  were  measured  as  indicators  of 
change  in  tubular  function,  and  total 
urinary  protein  was  measured  as  an 
overall  renal  parameter.  Only  urine 
samples  with  pH  greater  than  5.5  were 
used  for  the  determination  of  fc-M 
levels.  Urinary  density  was  chosen  by 
Verschoor  to  adjust  for  the  differences 
in  the  urinary  creatinine  concentrations 
between  the  exposed  groups.  All  the 
urinary  parameters  were  adjusted  for  a 
urinary  density  of  1,020  because  this 
was  the  mean  value  of  the  urinary 
density  of  the  group  with  level  of  CdU 
below  5  pg/g  Cr. 

Cadmium  concentrations  were  not 
measured  in  either  plant  Instead,  CdU 
levels  were  used  to  estimate  relative 
cadmium  exposures.  Workers  with 
higher  levels  of  CdU  were  considered  to 
have  been  exposed  to  higher  levels  of 
airborne  cadmium  than  workers  with 
lower  levels  of  CdU.  The  cadmium- 
exposed  workers  were  thus  divided  into 
groups  according  to  their  CdU  levels: 

The  no  increased  exposure  group  whose 
CdU  levels  were  less  than  3  pg/g 
creatinine  (30  nmol/1);  the  low 
occupational  exposure  group  whose 
CdU  levels  were  between  3  and  5  pg/g 
creatinine  (30  to  50  nmol/1);  and  the 
higher  occupational  exposure  group 
whose  CdU  levels  were  greater  than  5 
pg/g  creatinine  (50  nmol/1). 

Most  of  the  urinary  parameters  were 
found  to  be  within  the  normal  range.  No 
significant  differences  were  observed 
between  the  exposed  workers  and  the 
controls  for  creatinine  in  serum,  BUN. 
total  urinary  protein,  or  albumin  in 
urine. 

The  levels  of  CdU  and  CdB  among  all 
exposed  workers  were  elevated  over  the 
levels  CdU  and  CdB  in  the  referent 
population.  For  workers  in  plant  A.  the 
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geometric  mean  of  CdB  levels  was  1.26, 
5.78,  and  0.2  ug/lwb  for  workers  in  Plant 
A,  Plant  B,  and  the  control  group, 
respectively.  The  geometric  mean  of 
CdU  levels  was  2.3, 11.1,  and  0.68  ug/gr 
Cr  for  workers  in  Plant  A,  Plant  B,  and 
the  control  group,  respectively. 

Only  workers  in  the  higher 
occupational  exposure  group  (i.e.  the 
group  whose  CdU  levels  exceeded  5  pg/ 
g  Cr)  had  excess  levels  of  those 
biological  markers  which  indicate 
change  in  tubular  function.  For  this 
group  of  workers,  all  of  whom  were 
employed  in  plant  B,  the  levels  of 
urinary  /32-M,  RBP,  and  NAG  were 
statistically  significantly  elevated  over 
the  levels  of  these  parameters  in  the 
control  group  (p  <.05). 

vii.  Kawada  et  al.  (Exs.  8-732).  In  1986 
Kawada  studied  29  workers  who  were 
exposed  to  cadmium  pigments  either  in 
pigment  manufacturing  (CdS  pigments  or 
cadmium  selenide  pigments)  or  in 
synthetic  resin  preparation.  The  purpose 
of  the  study  was  to  evaluate  the 
relationship  between  /32-M  in  urine  and 
NAG  activity,  in  workers  with  low 
levels  of  CdU.  Thirty-five  non-exposed 
workers  were  also  evaluated;  these 
were  new  workers  on  a  rotation  system 
and  non-exposed  workers. 

Area  samples  found  that  the  highest 
exposures  ranged  from  3  to  350  pg/m3. 
The  mean  respirable  dust 
concentrations  for  the  most  highly 
exposed  workers  ranged  from  0.18  to  3.0 
pg/m3.  Urine  samples  were  collected 
stored  at  4  — 6°C;  pH  levels  were  not 
specified.  Levels  of  /fc-M  in  urine  were 
analyzed  using  the  enzyme 
immunoassay  kit  (Fujirebio  Inc.,  Tokyo). 

Cadmium,  NAG  activity,  /32-M,  and 
creatinine  in  levels  in  urine  were 
measured  twice  in  the  exposed  workers, 
once  in  April  and  again  in  September. 
The  geometric  mean  of  CdU  was  found 
to  be  0.7  pg/g  Cr  in  April  (range  of  0.2  to 
9.5  pg/g  Cr)  and  1.2  pg/g  Cr  in 
September  (range  of  0.5  to  7.0  pg/g  Cr). 
The  correlation  coefficient  between  CdU 
and  NAG  was  0.261  in  April  (n  =  61)  and 
0.389  in  September  (n  =  50).  The 
correlation  coefficient  between  CdU  and 
/32-M  was  0.241  in  April  (n=63)  and 
0.115  in  September  (n=50).  Kawada 
concluded  that  NAG  is  a  more  sensitive 
indicator  of  cadmium  absorption  than 
&-M  even  at  CdU  levels  of  less  than  10 
Pg/g  Cr. 

viii.  Kazantzis  et  al.  (Ex.  8-102).  In 
1962,  Kazantzis  conducted  a  study  of  12 
of  the  13  men  who  produced  cadmium 
pigments  for  use  in  paint,  plastics  and 
glass  in  a  small  British  factory.  While 
both  cadmium  oxide  and  the  cadmium 
pigments  (cadmium  sulphide,  cadmium 
zinc  sulphide  and  cadmium  seleno- 
sulphide)  were  produced  in  this  factory, 


it  was  during  the  production  of  pigments 
workers  experienced  the  greatest 
cadmium  exposure  due  to  the  repeated 
handling  of  the  material.  The  authors 
observed  that 

*  *  *  For  similar  quantities  handled,  the 
ratio  of  exposure  for  pigments  is  something 
like  two  and  a  half  times  as  great  as  for 
oxides.  (Ex.  8-102) 

No  exposure  data  were  available. 
Instead,  workers  were  grouped  based  on 
length  of  employment  at  the  plant, 
combined  with  the  type  of  work  the  men 
performed.  These  data  were  gathered 
through  in-depth  interviews  and  surveys 
with  the  employees.  The  authors  found 
that  three  men  had  been  in  the  factory 
for  2  years  or  less,  four  had  12  to  14 
years  of  exposure,  and  five  men  had  25 
to  31  years  of  exposure. 

Venous  blood  samples  were  taken 
and  analyzed  for  urea,  carbon  dioxide 
capacity,  chloride,  sodium,  potassium, 
inorganic  phosphate,  alkaline 
phosphatase,  cholesterol,  calcium  and 
uric  acid.  Random  24-hour  urine  samples 
were  also  collected  to  measure  urinary 
protein,  cadmium,  calcium,  amino  acids, 
inorganic  phosphate  and  sugar.  Freshly 
passed  specimens  showed  that  pH  of  the 
urine  of  all  12  workers  was  somewhat 
acidic,  falling  between  4.85  and  6.55. 
Chest  X-rays  taken  and  comprehensive 
respiratory  function  tests  were 
performed. 

All  five  of  the  workers  who  had  been 
exposed  to  cadmium  compounds  for 
more  than  25  years  showed  consistent 
clinical  proteinuria.  In  addition,  three 
workers  with  fewer  years  of  exposure 
showed  renal  tubular  disorders  and 
greater  than  normal  protein  in  the  urine. 
CdU  exceeded  30  pg/day  in  10  of  the  12 
workers  studied.  Several  of  the  workers 
with  clinical  proteinuria  showed  definite 
respiratory  impairment. 

In  addition  to  the  12  men  studied  by 
Kazantzis,  there  was  one  more  with  over 
25  years  of  exposure  who  died  before 
the  study  began,  presumably  from 
chronic  cadmium  poisoning.  A  great 
deal  of  health  information  for  this 
worker  was  abstracted  posthumously 
from  his  medical  records  and  autopsy 
report.  Specimens  of  lung,  liver  and 
kidney  were  analyzed  for  cadmium 
content.  The  cadmium  concentration  in 
the  kidney  was  55  pg/g  wet  weight  and 
in  the  liver  was  88  pg/g  wet  weight.  In 
the  lung,  the  cadmium  concentration,  500 
pg/g  wet  weight,  was  extremely  high. 

This  study  is  the  oldest  reviewed  by 
OSHA,  and  the  biological  parameters 
monitored  for  kidney  dysfunction  are 
less  specific  than  those  currently 
accepted  as  the  most  reliable  indices  for 
cadmium-related  health  effects. 
Nonetheless,  the  evidence  suggests 


appreciable  abnormal  clearance  of 
amino  acids,  calcium,  glucose, 
phosphate,  urate,  water,  and  faulty 
acidification  of  the  urine.  The  study 
authors  concluded  that: 

The  findings  establish  that  chronic 
cadmium  poisoning  can  arise  in  the  pigment 
industry,  and  suggest  that  cadmium 
proteinuria  i9  clinically  significant  and  should 
be  regarded  as  an  early  manifestation  of 
renal  tubular  damage.  (Ex.  8-102) 

ix.  Summary.  Epidemiological  studies 
of  workers  in  pigment-production  and 
pigment-using  facilities  show  that 
cadmium  is  absorbed  into  the  body  and 
that  cadmium  pigments  should  not  be 
regarded  separately  from  other  cadmium 
compounds.  Results  from  the  studies 
submitted  by  industry  do  not  support  the 
position  that  cadmium  pigments  pose 
less  hazard  to  workers  than  other 
cadmium  compounds. 

SCM  cited  the  study  by  Miksche  (Ex. 
12-10-E)  as  evidence  that  cadmium 
pigments  are  not  as  toxic  to  the  kidney 
as  other  forms  of  cadmium  (Ex.  19-42A). 
Data  from  the  study,  however,  indicate 
that  the  cadmium  production  workers 
were  absorbing  cadmium  from  pigments, 
as  evidenced  by  the  fact  that  the  mean 
CdB  and  CdU  levels  erf  these  workers 
were  10.3  pg/lwb  and  8.78  pg/g  Cr, 
respectively.  The  /32-M  levels  in  these 
pigment  production  workers  were 
normal.  Among  pigment  applicators,  no 
abnormal  levels  of  CdU,  CdB,  or  /32-M 
were  found,  but  no  exposure  data  were 
provided.  This  makes  it  impossible  to 
evaluate  cadmium  exposures  among  the 
production  workers. 

The  Cadmium  Council  (Ex.  19-43) 
questioned  OSHA’s  argument  that  the 
low  body  burdens  reported  by  Miksche 
might  be  due  to  “low  exposure”  when, 
according  to  the  Council,  workers  in  the 
cohort  were  exposed  for  up  to  32  years 
and  when,  according  to  the  Council, 
airborne  cadmium  levels  were  found  to 
be  50  pg/m3  in  1977  and  higher  than  that 
before  1977.  In  response,  OSHA  notes 
that  32  years  represents  the  maximum 
length  of  exposure  for  a  worker  in  the 
Miksche  cohort  and  that  the  mean 
lengths  of  exposure  for  the  two  separate 
plants  were  11.75  years  and  11.3  years. 
The  Agency  also  notes  that  no  exposure 
data  are  available  at  all  for  the 
application  plant,  and  the  exposure  level 
of  50  pg/m3  represents  the  average 
exposure  for  only  one  year  at  the 
production  plant.  Exposure  levels  at  the 
production  plant  for  the  other  two  other 
years  for  which  exposure  data  are 
available  were  lower  than  50  pg/m3. 

The  study  by  Fietz  (Ex.  12-10-f)  was 
also  cited  by  industry  as  evidence  that 
cadmium  pigments  are  far  less  toxic  to 
the  kidney  than  other  forms  of  the  metal. 
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Again,  the  Cadmium  Council  rejected 
the  argument  made  by  OSHA  that  the 
low  levels  of  urinary  analytes  observed 
in  this  study  were  due  to  low  levels  of 
exposure  (Ex.  19-43).  The  Council  stated- 
that  in  1978  these  workers  were  being 
exposed  to  147  to  201  p.g/ms  of 
cadmium,  and  they  still  had  “generally 
low”  cadmium  body  levels.  OSHA 
notes,  however,  that  cadmium  pigment 
production  workers  did  show  evidence 
of  overexposure  to  cadmium  even  when 
levels  of  CdU  as  high  as  17  pg/g  Cr  and 
CdB  as  high  as  15  pg/lwb  (BAT)  were 
considered  "safe”.  Furthermore,  the 
exposure  data  are  insufficient  to 
evaluate  the  exposures  for  Groups  IV 
and  V,  and  it  is  clear  horn  the  data  that 
exposures  in  the  pigment-user  facility 
were  much  lower  than  in  the  production 
facility. 

The  statements  by  the  Cadmium 
Council  regarding  high  exposures  (147  to 
201  fig/m3)  in  the  Fietz  cohort  being 
associated  with  low  body  burdens  in 
1978  are  misleading.  The  authors 
reported  that  in  1978,  average  cadmium 
exposures  (pg/m3)  in  1978  for  Groups  I, 

II,  and  II  were  147, 194,  and  201, 
respectively  but  that  production  of 
cadmium  pigments  comprised  about  half 
of  the  working  time.  This  would  result  in 
exposures  of  73.5,  97,  and  100  pg/m3.  In 
Group  I  A,  IIA,  and  IIIA,  that  is  among 
the  workers  who  had  worked  for  an 
average  of  ten  or  more  years,  the  levels 
of  CdU  in  1978  were  8  pg/g  Cr,  18  pg/g 
Cr,  and  8  pg/g  Cr,  respectively.  In  Group 
LA,  ILA  and  IIIA,  the  levels  of  CdB  in 
1978  were  20  pg/lwb,  19  pg/lwb,  and  18 
pg/lwb,  respectively.  Levels  of  fo-M  in 
urine  for  these  groups  were  not 
available  for  1978,  however,  in  1979,  for 
workers  in  Groups  LA,  IIA  and  IIIA  the 
levels  of  Ba-M  were  99  pg/g  Cr,  103  pg/g 
Cr,  and  727  pg/g  Cr,  respectively.  Thus, 
if  workers  experience  cadmium  or 
cadmium-pigment  exposures  similar  to 
those  in  Group  III  and  if  workers  have 
more  than  ten  years  of  employment  in  a 
plant  with  exposures  similar  to  those  in 
this  study  workplace,  some  (7/67=10.4% 
or  more)  will  have  renal  dysfunction  as 
indicated  by  fk-M  levels  greater  than 
300  pg/g  Cr. 

According  to  comments  submitted  to 
OSHA  during  the  rulemaking,  levels  of 
CdU  above  15  pg/g  Cr  and  levels  of  CdB 
above  10  pg/lwb  are  levels  that  indicate 
cadmium  has  been  absorbed  and 
systemically  distributed  throughout  the 
body  via  the  bloodstream;  overexposure 
to  cadmium  has  occurred;  and  excessive 
cadmium  body  burden  is  present.  Based 
on  this  definition  it  is  evident  that 
cadmium  exposures  in  pigment 
production  plants  can  result  in  uptake  of 
cadmium  by  the  body.  If  exposure  levels 


are  kept  close  to  those  observed  in  this 
study  for  1982  when  exposures  ranged 
from  0.5  to  10  pg/ms,  few  workers  will 
be  at  risk  of  kidney  dysfunction, 
regardless  of  the  type  of  cadmium 
compound  used. 

The  Cadmium  Council  and  SCM  cited 
Greenberg’s  study  (Ex.  12-10G)  as 
evidence  that  among  cadmium  pigment 
workers, 

*  *  *  the  prevalence  of  increased  fa- 
microglobulin  or  protein  excretion  was  low. 
(Exs.  19-43  and  12-10-G) 

SCM  commented  that  this  finding  was 
significant  given  that  the  average  length 
of  employment  for  these  workers  was 
20.7  years,  and  31%  of  recent  exposure 
measurements  exceeded  40  pg/m3  (11  of 
35  recent  samples).  The  study  authors 
themselves,  however,  concluded  that  the 
relatively  low  renal  burdens  reflected 
low  exposures.  Furthermore,  according 
to  the  definition  of  "normal”  test  results 
established  by  the  authors,  three  of  38 
(8%)  workers  had  elevated  CdU 
concentrations;  three  of  37  (8%)  subjects 
had  values  above  the  upper  limit  of 
normal  for  CdB;  three  workers  had 
elevated  levels  of  B»-M;  and,  three 
workers  had  abnormal  levels  of  total 
protein  in  urine.  Finally,  the  finding  of 
dose-response  relationships  between 
liver  cadmium  burdens  and  exposure, 
kidney  cadmium  burdens  and  exposure, 
and  levels  of  cadmium  in  urine  and 
exposure  indicate  that  cadmium 
absorption  occurs  in  pigment  production 
facilities. 

SCM  referenced  the  study  by  Wibowo 
(Ex.  8-729)  and  the  study  by  Verschoor 
(Ex.  19-42-8)  to  assert  that: 

*  *  *  There  is  no  human  evidence 
indicating  that  cadmium  pigments  have 
caused  significant  renal  effects  (Ex.  1942-8). 

Careful  review  of  these  studies, 
however,  indicate  that  the  downstream, 
or  secondary  users  of  cadmium  pigments 
in  these  studies  either  had  low 
exposures  or  the  compounds  used  were 
insoluble.  Nonetheless,  low  level 
exposures  to  insoluble  cadmium 
pigments  are  absorbed  into  the 
bloodstream  and  result  in  levels  of  CdB 
and  CdU  that  are  elevated  over 
background.  The  Verschoor  study  in 
particular  suggests  that  even  when 
second  degree  usage  of  cadmium 
pigments,  such  as  in  the  plastics  plant, 
are  low,  small  amounts  of  cadmium  are 
absorbed  and  systemically  distributed 
to  the  kidneys.  The  low  levels  of  CdB 
and  CdU  among  the  plastics  workers  in 
Plant  A  can  not  be  attributed  solely  to 
lower  absorption  of  insoluble 
compounds  since  no  exposure  data  are 
available;  the  low  levels  of  CdB  and 


CdU  may  be  due  to  lower  exposure 
levels. 

De  Silva  (Ex.  8-716)  concluded  from 
his  study  that  the  insoluble  respirable 
cadmium  compounds  are  less  able  to 
enter  the  blood  stream  than  the  soluble 
compounds.  According  to  De  Silva,  this 
is  supported  by  the  case  reported  by 
Kazantzis  et  al,  1963,  (referenced  in  De 
Silva)  which  resulted  in  necropsy  and 
showed  an  unexpectedly  high 
concentration  of  cadmium  in  the  lung, 
compared  with  other  published  figures 
from  cases  of  chronic  cadmium 
poisoning  due  to  soluble  cadmium. 

While  less  cadmium  enters  the  blood, 
however,  De  Silva  concluded  that  more 
is  retained  in  the  lung.  Respirable 
insoluble  compounds  probably 
contribute  significantly  to  the  lung 
damage,  and,  therefore,  according  to  De 
Silva,  there  is  no  reason  for 
differentiating  between  soluble  and 
insoluble  respirable  cadmium,  due  to 
their  effects  on  the  lung. 

The  lower  biological  indices  of 
absorption  obtained  after  exposure  to 
insoluble  compounds  of  cadmium  may 
be  due  to  a  reduced  ability  of  the 
respirable  fraction  to  enter  the  blood 
stream  rather  than  to  the  reduced 
solubility  of  the  non-respirable  fraction 
in  the  gut.  It  could  perhaps  be  concluded 
that  non-respirable  insoluble 
compounds  may  be  slightly  less 
hazardous  than  soluble  compounds,  but 
to  regard  them  as  merely  nuisance  dust 
is  not  only  risky,  according  to  De  Silva, 
but  also  liable  to  misinterpretation  and 
to  encourage  carelessness  in  their  use. 

Dr.  Friberg  was  questioned  about  the 
relative  toxicity  of  cadmium  compounds, 
in  particular  cadmium  pigments.  In  his 
testimony,  Dr.  Friberg  discussed  the 
findings  of  the  study  by  De  Silva  as 
follows; 

*  *  *  It's  a  small  study  but  still  I  think  it  is. 
to  some  extent,  impressive.  (Workers)  were 
exposed  to  insoluble  cadmium  at  a  pigment 
manufacturing  plant  *  *  *  all  *  *  *  had 
signs  of  the  tubular  dysfunction  *  *  *  in  the 
abstract  *  *  *  (the  authors) 

*  *  *  suggested  that  urinary  cadmium 
concentration  should  be  kept  below  *  *  *  15 
micrograms  per  day,  but  this  was  in  1981.  to 
avoid  the  possibility  of  renal  damage  and 
that  the  insoluble  respirable  fraction  of 
cadmium  dust  should  not  be  regarded  as 
merely  a  nuisance  dust.  There  was  a  lot  of 
information  of  blood  levels  *  *  *  after  a 
couple  of  months  exposure  values  of 
cadmium  in  blbod  per 
liter  *  *  *  (were)  *  *  *  something 
like  *  *  *  18.  6.  9, 14,  24,  7. 17,  22, 10. 21.  and 
10  *  *  *  very  high  levels.  But  as  they 
mentioned  somewhere,  there  could,  of  course, 
be  some  form  of  an  exposure  also  to  a  soluble 
dust  *  *  *  (Tr.  6/6/90.  pp.  90-91) 
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Thus,  relatively  insoluble  cadmium 
pigments  are  taken  up  into  the  blood 
and  may  damage;  there  is  medical 
evidence  from  studies  of  workers 
exposed  to  cadmium  sulfide  and 
cadmium  pigments,  although  limited, 
that  all  cadmium  compounds  have  been 
associated  with  renal  effects  at 
comparable  exposure  levels,  regardless 
of  the  chemical  compound. 

f.  Evidence  in  animals.  Experimental 
animal  studies,  some  of  which  are 
reviewed  below,  support  the  finding  that 
cadmium  induces  proteinuria  in  humans. 
Studies  also  support  the  concept  of  a 
threshold  or  critical  concentration  of 
cadmium  in  a  target  organ  and  the 
finding  that  increased  concentrations  of 
&-M  in  the  urine  constitute  biological 
markers  of  cadmium-induced  tubular 
proteinuria  (Exs.  30;  8-86). 

Friberg  induced  proteinuria  in  rabbits 
by  exposing  them  to  8  mg/m3  of 
cadmium  oxide  dust  by  inhalation  for  5 
hours/day  for  8  months  (Ex.  4-29).  In  the 
same  study,  rabbits  injected  with  0.65 
mg/kg  cadmium  sulfate  developed 
proteinuria  after  two  months  of 
exposure.  A  number  of  other 
experimental  studies  in  which  animals 
were  exposed  either  orally  or  through 
injection  have  also  resulted  in  cadmium- 
induced  proteinuria  (Exs.  8-086b;  8-402). 

Some  studies  have  induced  glomerular 
proteinuria  in  experimental  animals 
while  others  have  induced  mixed-type 
proteinuria.  For  example,  Bernard  (Ex. 
4-20)  injected  rats  with  1  mg/m3  of 
cadmium  chloride  for  5  days/week  for  2 
months.  The  induced  proteinuria  was 
characterized  by  increased  excretion 
not  only  of  low  molecular  weight 
proteins  but  also  of  high  molecular 
weight  proteins  indicative  of  glomerular 
dysfunction.  In  a  similar  study  (Ex.  4- 
49),  rats  injected  with  cadmium  showed 
mixed-type  proteinuria,  and  after 
prolonged  oral  exposure,  rats  developed 
glomerular  proteinuria. 

i.  The  renal  effects  of  cadmium 
pigments  and  other  less  soluble  forms  of 
cadmium  in  animals.  OSHA  received 
comment  from  SCM,  SPI,  and  the  Dry 
Color  Manufacturers  Association 
(DCMA),  a  trade  association 
representing  small,  medium,  and  large 
pigment  manufacturers  in  the  U.S.  and 
Canada,  that  studies  by  Hazleton 
Laboratories,  Glaser,  and  Rusch 
demonstrate  that  absorption  of  cadmium 
and  the  potential  for  renal  effects  from 
pigment  is  much  lower  than  that  from 
other  cadmium  compounds  (Exs.  19-42- 
A;  19-41;  120).  For  example,  Richard 
Bidstrup,  Counsel  for  SCM  Chemicals, 
Inc.,  stated  that  these  studies 
“demonstrate  that  absorption  of 
cadmium  and  potential  for  renal  effects 
from  pigment  is  from  10  to  1,000  times 


less  than  that  from  other  cadmium 
compounds  (Ex.  19-42-A).”  In  addition, 
he  referred  to  other  studies  with  longer 
exposure  times  that  have  reached  the 
same  conclusion  (i.e.,  Heinrich  et  al., 

1986;  Princi  and  Geever,  1950;  and 
Oberdorster,  undated;  all  in  Ex.  19-42A). 

According  to  the  DCMA,  in-vitro  data 
also  support  its  position  that  the 
cadmium  in  pigments  is  less  bio- 
available  than  the  cadmium  in  other 
compounds  because  cadmium  pigments 
are  relatively  insoluble  in  the  dilute 
acids  (i.e.,  a  pH  of  about  4)  often  found 
in  biological  systems  (Ex.  120).  DCMA 
states  that,  in  contrast  to  the  sulfide, 
cadmium  oxide  is  highly  soluble  in 
dilute  acids,  which  explains,  in  DCMA’s 
view,  the  equivalent  lung  toxicity  of 
cadmium  oxide  and  other  water-soluble 
cadmium  compounds.  In  contrast,  the 
solubility  of  cadmium  pigments  at  a  pH 
of  4  was  much  lower.  Therefore,  the 
oxide  is  "thousands  of  times”  more 
soluble  in  the  dilute  acid  environment  of 
the  lung  than  cadmium  sulfide,  and  the 
oxide  is  therefore  much  more 
bioavailable  than  the  sulfide  (Ex.  120). 
DCMA  reported  that  work  by  Stopford 
shows  a  good  correlation  between 
weak-acid  extraction  and  serum 
extraction.  In  addition,  a  positive 
relationship  has  been  demonstrated 
between  the  amount  of  acid-extractable 
cadmium  in  pigments  and  the  "resulting 
body  burdens  after  ingestion”  (Ex.  120, 
P-10). 

OSHA  has  reviewed  the  main  animal 
studies  submitted  by  industry 
representatives  in  support  of  their 
assumption  that  cadmium  pigments  are 
less  toxic  to  the  kidney.  The  Agency 
review  is  presented  here. 

Hazelton  Laboratories  conducted  a 
short  term  rat  feeding  study  to 
determine  whether  or  not  there  was  a 
positive  correlation  between  cadmium 
solubility  and  cadmium  absorption 
through  the  gastrointestinal  tract  (Ex. 
12-10-B).  In  this  study,  extraction  tests 
were  conducted  with  distilled  water  and 
with  acid  to  determine  the  solubility  of 
12  different  cadmium  pigments.  These 
same  pigments  were  then  fed  to  rats  for 
one  week  at  levels  of  10,000  ppm  and 
50,000  ppm  in  the  diet  to  evaluate  the 
level  of  absorption  of  cadmium  from  the 
pigment.  For  purposes  of  comparison, 
rats  were  also  fed  a  highly  soluble 
cadmium  compound,  CdCl2,  at  a 
concentration  of  10  and  50  ppm  in  the 
diet.  The  proportion  of  cadmium 
absorbed  was  determined  by  measuring 
the  amount  of  cadmium  found  in  the 
urine,  kidneys  and  liver  and  dividing  by 
the  amount  of  cadmium  found  in  the 
feces  and  GI  tract  contents.  The  degree 
of  solubility  of  the  pigments  was  much 
lower  than  the  degree  of  solubility  of 


CdCla-  CdCU  was  61%  soluble  whereas 
the  pigments  were  from  0.06%  to  1.38% 
soluble.  Correspondingly,  the  proportion 
of  cadmium  absorbed  from  the  pigments 
was  also  much  lower  than  for  CdCL: 
0.65%  of  the  CdCla  was  absorbed 
compared  to  .0004%  to  .0060%  of  the 
cadmium  pigments. 

From  these  data  the  authors 
concluded  that  there  was  a  positive 
correlation  between  solubility  and 
absorption;  the  greater  the  solubility  the 
greater  the  amount  absorbed  by  the 
body.  OSHA  notes,  however,  that  this 
feeding  study  lasted  only  one  week. 

While  the  percent  of  cadmium  absorbed 
from  the  pigments  after  one  week’s 
exposure  is  relatively  low  compared  to 
CdCla,  the  total  percentage  absorbed 
after  chronic  exposure  to  cadmium 
pigments  (e.g.  18  months)  is  not  known 
and  may  be  more  substantial. 

In  the  study  by  Princi  and  Geever  (Ex. 
8-459),  30  dogs  were  divided  into  three 
groups:  ten  dogs  served  as  controls;  ten 
dogs  were  exposed  to  cadmium  oxide; 
and  ten  dogs  were  exposed  to  cadmium  - 
sulfide.  Exposure  lasted  six  hours  per 
day  for  five  days  per  week. 
Concentrations  of  cadmium  in  air 
ranged  from  3  to  7  mg/ms.  Ninety-eight 
percent  of  the  particles  were  less  than  3 
microns  in  diameter.  The  average  length 
of  exposure  for  cadmium  sulfide  was  895 
horns,  or  about  30  weeks  (895  hours 
divided  by  30  hours  per  week  is 
approximately  30  weeks);  the  longest 
exposure  was  1,417  hours 
(approximately  47  weeks).  The  average 
length  of  exposure  for  cadmium  oxide 
was  1,102  hours  (approximately  37 
weeks);  the  longest  cadmium  oxide 
exposure  was  1,319  (approximately  44 
weeks).  Four  dogs  exposed  to  cadmium 
oxide  eventually  died  of 
bronchopneumonia.  The  authors  noted 
that  because  of  these  deaths,  exposure 
times  varied.  Several  dogs  had  to  be 
killed  because  of  severe  injuries 
received  from  fighting  among 
themselves.  Despite  these  limitations, 
the  authors  reported  that  a  sufficient 
number  of  dogs  survived  the  entire 
experiment  to  produce  significant 
results.  No  information  was  provided  on 
the  survival  times  for  any  of  the  animals 
in  this  study. 

The  authors  concluded  that  most  of 
the  cadmium  dust  inhaled  was  stored  in 
the  lungs,  liver  and  kidneys.  Lesser 
amounts  were  stored  in  bones  and  teeth. 
The  authors  further  concluded  that 
cadmium  sulfide  (CdS)  and  cadmium 
oxide  (CdO)  differ  greatly  in  solubility 
and  absorbability,  and  must  therefore 
differ  greatly  in  the  amounts  required  to 
produce  intoxication. 
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For  the  ten  dogs  exposed  to  CdO,  the 
average  level  of  cadmium  in  blood  was 
67  p.g/lwb,  and  the  average  level  of 
cadmium  in  urine  was  130  /ig/1.  For  the 
ten  dogs  exposed  to  CdS,  the  average 
level  of  cadmium  in  blood  was  50  p,g/ 
lwb,  and  the  average  level  of  cadmium 
in  urine  was  50  p.g/1.  Clearly,  a  portion 
of  the  CdS  dose  was  systemically 
absorbed  into  the  body,  however,  a 
portion  of  the  CdS  may  have 
decomposed  into  more  soluble  ionic 
forms,  e.g.,  CdSO<  (Exs.  L-140-27-B,  L- 
140-44),  increasing  the  cadmium’s 
solubility.  OSHA  notes,  however,  that  at 
exposure  levels  as  high  as  3  to  7  mg/ms, 
the  percent  dissolution  of  CdS  to  more 
soluble  forms  is  probably  low  (see,  for 
example,  L-140-27-B).  The  average  level 
of  cadmium  in  the  lungs  for  the  ten  dogs 
exposed  to  CdO  was  2.64  mg/100  gm 
(range  from  1.16  to  4.7  mg/100  gm).  For 
the  ten  dogs  exposed  to  CdS  this  level 
was  3.63  mg/100  gm  (range  from  1.23  to 
6.02  mg/100  gm).  The  authors  concluded 
that  more  CdO  was  absorbed  from  the 
lungs,  but  OSHA  notes  that  more  CdS 
remained  in  the  lung. 

The  study  by  Rusch  (Ex.  12-10-D)  was 
an  acute  inhalation  study  involving  the 
exposure  of  male  and  female  Sprague- 
Dawley  rats  to  dusts  of  cadmium 
carbonate  (CdCO#),  cadmium  yellow 
pigment,  cadmium  red  pigment  and  to 
cadmium  fume  at  concentrations  of  100 
mg/m*  for  two  hours.  The  animals  were 
then  followed  for  30  days  in  order  to 
determine  whether  there  were 
differences  in  uptake  and  distribution  of 
compounds  with  different  solubilities. 
The  “cadmium  red"  was  a  finely  divided 
red  powder  in  hexagonal  crystal  form 
containing  69.9%  cadmium,  16.4% 
selenium,  and  13.2%  sulfur  (sulfide). 
Particle  size  analysis  by  sedimentation 
indicated  that  99%  of  the  particles  were 
less  than  5  micrometers  in  diameter. 
Cadmium  yellow  was  a  finely  divided 
powder  in  a  hexagonal  crystal  form 
produced  by  high  temperature 
calcination.  It  contained  77.4%  cadmium, 
21.7%  sulfur  (sulfide),  0.28%  zinc,  and 
0.27%  selenium.  Ninety-six  percent  of 
the  particles  were  less  than  5 
micrometers  in  diameter.  The  cadmium 
carbonate  was  a  reagent  grade  white 
amorphous  powder  which  was  finely 
divided  by  milling.  The  cadmium  fume 
material  was  derived  from  a  10% 
aqueous  solution  of  cadmium  acetate 
dihydrate.  The  aerosol  was  produced  by 
passing  the  solution  through  several 
heating  processes  and  absorption 
containers  prior  to  administration  to  the 
test  animals. 

No  mortality  was  observed  among 
rats  exposed  to  either  cadmium  pigment 
after  30  days  follow-up,  but  3  out  of  52 


rats  (6%)  died  from  exposure  to  CdCOa 
and  25  out  of  52  rats  (48%)  died  from 
exposure  to  cadmium  fume.  In  the 
pigment-exposed  groups,  greater 
amounts  of  cadmium  were  eliminated  by 
the  feces  at  faster  rates  than  for  the 
CdCOj-exposed  rats.  The  rats  exposed 
to  CdCOa  also  showed  higher  kidney 
cadmium  levels.  The  authors  stated  that 
CdCOa  followed  predicted  patterns  of 
uptake,  distribution  and  retention, 
whereas  the  pigments  showed  only 
minimal  uptake  and  tissue  deposition. 
Therefore,  it  appeared  that  inhalation 
exposures  to  soluble  compounds 
resulted  in  more  rapid  uptake  and  higher 
body  burdens  than  did  exposure  to  less 
soluble  cadmium  compounds.  OSHA 
notes  that  in  this  study,  the  exposure 
level  was  extremely  high,  lasted  only  2 
hours,  and  follow-up  was  for  only  30 
days.  This  makes  it  difficult  to 
extrapolate  the  results  to  occupational 
settings  where  exposures  may  occur 
over  long  periods  of  time  and  at  low 
doses  or  where  exposures  may  occur 
repeatedly  at  high  levels. 

In  the  study  by  Glaser  et  al.,  (Ex.  12- 
10— C),  male  Wistar  rats  were  exposed 
continuously  for  30  days  to  aerosols  of 
cadmium  chloride  and  cadmium  oxide  at 
0.1  mg/m3  and  aerosols  of  cadmium 
sulfide  (CdS)  at  1  mg/m*.  CdS  was 
administered  at  a  higher  dose  because 
of  its  lower  solubility. 

No  clinical  signs  of  intoxication  were 
observed  among  any  of  the  exposed 
groups.  Mean  CdU  in  the  CdS  group 
showed  a  slight  but  statistically 
significant  increase  (p<0.05)  over  the 
controls  at  the  end  of  the  exposure 
period.  Mean  CdU  was  also  slightly 
statistically  significantly  elevated  for 
the  CdO  group  (p<0.05)  at  the  end  of  the 
observation  period. 

Glaser  found  that  cadmium  was 
retained  in  the  lung,  liver  and  kidneys 
for  all  three  compounds  tested.  Lesser 
amounts  of  CdCl2  were  retained  in  the 
lungs  of  exposed  rats  compared  to  the 
amount  of  CdO  and  CdS  retained.  After 
one  month’s  exposure  approximately  25 
pg  of  cadmium  were  retained  in  the 
whole  lung  of  CdCU  exposed  rats 
whereas  approximately  50  fig  and  140 
fig  of  cadmium  were  retained  in  the  lung 
for  CdO  and  CdS  exposed  rats, 
respectively.  The  authors  note  that  a  10 
times  greater  exposure  in  the  form  of 
CdS  did  not  result  in  a  10  times  greater 
amount  of  cadmium  in  the  whole  lung. 
Therefore  they  suggested  that  there  must 
be  a  difference  in  toxicokinetics  (i.e. 
deposition,  dissolution,  clearance  or 
toxicity)  for  CdS.  OSHA  notes,  however, 
that  photodecomposition  of  CdS  may 
have  occurred  thereby  altering  the 
compounds  administered  to  the  lung  to 


include  more  soluble  forms  of  cadmium, 
(e.g.,  CdSO«),  and  affecting  the  amount 
that  would  be  retained  in  the  lung. 

Glaser  also  observed  that  for  the 
CdCU  and  CdO  exposed  rats,  more  of 
the  cadmium  was  distributed  to  the 
cytosol  fractions  of  the  lung  than  for  the 
CdS  exposed  rats,  indicating  that  more 
of  the  CdS  was  retained  in  the 
extracellular  fractions  and  was  not 
absorbed  into  the  cell.  For  a  site-of- 
contact  carcinogen,  which  some 
evidence  suggests  cadmium  may  be,  it  is 
entirely  possible  that  the  more  insoluble 
the  compound,  the  greater  the 
carcinogenic  potential.  In  fact,  there  was 
evidence  of  a  cytotoxic  effect  to  the 
alveolar  macrophages  from  exposure  to 
CdS  equal  to  that  observed  from 
exposure  to  CdO. 

Each  of  the  cytotoxic  effects  observed 
in  the  rats  exposed  to  CdS  and  CdO 
were  greater  than  the  effects  observed 
in  the  rats  exposed  to  CdCU.  In  addition, 
the  lung  metallothionein-cadmium 
content  for  rats  exposed  to  CdS  and 
CdO  were  similar  to  one  another  but 
greater  than  the  metallothionein- 
cadmium  content  in  CdCU  exposed  rats. 
Metallothionein  is  produced  in  response 
to  cadmium  ions  and,  according  to  the 
authors,  is  an  indication  of  cadmium’s 
bioavailability.  In  the  liver  and  kidney, 
cadmium  burdens  were  significantly 
higher  for  the  CdO  exposed  rats  and  for 
the  CdS  exposed  rats  than  for  the  CdCU 
exposed  rats.  After  one  month’s 
exposure,  approximately  15  p.g  of 
cadmium  had  accumulated  in  the  liver 
and  kidney  of  CdCU  exposed  rats 
compared  to  70  pg  and  60  p.g  of 
cadmium  which  had  accumulated  in  the 
livers  of  CdO  and  CdS  exposed  rats, 
respectively.  The  authors  stated  that  it 
was  unexpected  that  cadmium 
accumulation  in  the  liver  and  kidney 
would  be  lower  for  CdCU  exposed  rats 
than  for  CdO  and  CdS  exposed  rats 
because  of  CdCU’s  higher  solubility; 
they  had  thought  that  cadmium 
accumulation  was  correlated  to  the 
solubility  of  the  compound.  Some  of  the 
elevated  liver  burdens  noted  by  Glaser 
for  CdS  exposed  rats  may  be  due  to 
photodecomposition  of  the  CdS  (Exs.  L- 
140-44;  L-140-27-B),  but  this  would  not 
explain  the  high  liver  burdens  for  the 
CdO  exposed  rats. 

The  results  of  this  study  suggest  that 
absorption  and  bioavailability  may  not 
be  simply  equated  to  the  compound’s 
solubility.  For  example,  Glaser  found 
that  the  body  burdens  of  cadmium  in  the 
kidney  and  liver  for  CdO  and  CdS 
exposed  rats  were  similar  despite  the 
fact  that  ten  times  more  CdS  was 
administered.  This  would  imply  that  the 
lower  solubility  of  CdS  may  be 
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responsible  for  the  lower  accumulation 
of  cadmium.  It  has  been  suggested  that 
such  a  result  could  be  due  to 
photodecomposition,  but  if 
photodecomposition  did  occur  and  a 
substantial  amount  of  CdS  degenerated 
into  more  soluble  forms,  it  would  be 
difficult  to  explain  why  10  times  more 
CdS  resulted  in  a  liver  burden  - 
equivalent  to  that  of  the  CdO  exposed 
rats  (Exs.  L-140-44;  Ex.  L-140-27-B}. 

The  body  burdens  of  cadmium  in  the 
kidney  and  liver  are  higher  for  CdO  and 
CdS  exposed  rats  than  CdClz  exposed 
rats  despite  the  fact  the  CdClz  is  more 
soluble  than  CdO,  CdS.  CdClz  may  be 
more  soluble  than  cadmium  compounds 
into  which  CdS  may  have 
photodecomposed.  Thus  factors  other 
than  solubility  influence  the  systemic 
absorption  and  bioavailability  of 
cadmium  pigments.  These  factors  could 
be  further  influenced  by  long  term 
exposure  (Le.  greater  than  one  month). 

According  to  DCMA,  a  later  study  by 
Glaser  et  al.,  1990,  (Ex.  8-694-B)  shows 
that  ionic  cadmium  released  by 
photodecomposition  accounts  for  the 
apparent  increase  in  availability  seen  in 
this  study.  Gunter  Oberdorster,  Ph.D„ 
Professor  of  Toxicology  at  the 
Environmental  Health  Sciences  Center 
at  the  University  pf  Rochester  and 
formerly  of  the  Fraunhofer  Institute  for 
Toxicology  and  Aerosol  Research  in 
West  Germany,  analysed  the  data  from 
this  study,  however,  and  concluded  that 
they  showed  txily  a  2-  to  3-fold 
reduction  in  the  availability  of  cadmium 
from  pigments  (Ex.  120,  p.  20). 

%OSHA  concludes  that  the  Hazleton 
Laboratory,  Glaser,  Princi,  and  Rusch 
studies  do  not  provide  adequate 
evidence  to  show  that  cadmium 
pigments  are  not  as  toxic  as  other  forms 
of  cadmium.  (See  for  example  Ex.  12- 
10.)  These  studies  used  short  exposure 
periods  that  might  not  be  relevant  to 
long-term,  low-level  occupational 
exposures  or  obtained  conflicting  results 
that  do  not  indicate  a  simple 
relationship  between  solubility  and 
bioavailability.  OSHA  has  also 
reviewed  the  studies  by  Heinrich  and 
Oberdorster,  and  has  addressed  the 
main  comments  from  these  two  experts 
in  its  discussion  of  the  carcinogenicity  of 
cadmium  pigments. 

DCMA  submitted  comments  cm  the 
mechanisms  by  which  cadmium 
pigments  could  be  less  toxic  to  the 
kidney  and  less  bioavailable  than  other 
cadmium  compounds  (Ex.  120).  DCMA 
stated  that  the  chemistry  of  pigment 
compounds  is  substantially  different 
from  that  of  other  compounds.  Because 
the  cadmium  ion  is  “soft",  based  on  its 
low  charge-to-mass  ratio,  and  the  sulfide 


ion  is  also  soft,  sulfide  ions  stabilize  the 
cadmium  ions  in  pigment  compounds. 
DCMA  argued  that  any  pigment-derived 
cadmium  ions  that  were  dissolved  in 
biological  fluids  would  already  be 
complexed  by  water  molecules  or 
chlorides,  both  of  which  are  hard 
ligands.  According  to  DCMA,  this 
concept  of  hard/soft  ions  would  also 
suggest  that  the  sulfide  is  less  soluble 
than  other  chemical  forms  of  the  metal 
(Ex.  120,  p.  11).  However,  soft-acid/ soft- 
base  theory  refers  to  stronger  bonding 
associated  when  large,  easily  polarized 
anions  coordinate  to  large,  easily 
polarized  cations.  This  theory  is  used  to 
explain  the  enhanced  stability  compared 
to  ions  that  are  mismatched  in  size,  and 
does  not  pertain  to  chemistry  of  sulfide 
(Ex.  152).  Since  the  human  body  can 
muster  formidable  chemistry  in  defense 
against  foreign  material,  CdS  may  be 
solubilized  in  the  body  by  a  number  of 
mechanisms  (Ex.  152).  For  example,  as 
Dr.  Friberg  stated,  and  as  mentioned 
previously: 

*  *  *  It  seams  to  be  quite  clear  that  you 
cannot  talk  about  insoluble  dust  *  *  *  once 
this  dust  comes  down  to  the  lungs  and  is 
taken  up  by  the  macrophages  then  the 
solubility  could  be  quite  different  from  the 
solubility  in  vitro  *  *  *  (Tr.  6/6/90,  pp.  102- 
103). 

Other  commentors  agreed  with  Dr. 
Friberg.  Once  an  insoluble  cadmium 
pigment  enters  the  lungs,  some  is 
absorbed  into  the  body  and  some  is 
retained  in  the  lungs  (Ex.  L-140-50).  The 
portion  of  cadmium  that  is  systemically 
absorbed  is  retained  for  up  to  30  years 
depending  upon  the  part  of  the  body  in 
which  the  cadmium  is  stored.  Even  low 
atmospheric  levels  of  cadmium 
accumulate  in  the  body  (Ex.  L-140-50). 
Ellen  Silbergeld,  Ph.D.,  Adjunct 
Professor  of  Toxicology  and 
Pharmacology  and  Experimental 
Therapeutics  at  the  University  of 
Maryland  Medical  School  and  Adjunct 
Professor  of  Health  Policy  at  the  Johns 
Hopkins  School  of  Hygiene  and  Public 
Health,  testified  at  the  hearing  regarding 
the  bioavailability  of  different  cadmium 
compounds.  Dr.  Silbergeld  testified  that 
solubility  in  aqueous  media  is  only  one 
aspect  “of  the  physical,  chemical,  and 
potential  biological  behavior  of  a 
compound  for  purposes  of  estimating 
toxicity"  (Tr.  6/7/90;  pp.  228-235).  Other 
factors  that  must  be  considered  are 
particle  size,  portal  of  entry,  chronicity 
of  exposure,  and  other  types  of  celhriar 
response,  which  may  be  “much  more 
important  than  this  particular  measure 
of  aqueous  solubility”  (Tr.  6/7/90,  pp. 
228-235).  Dr.  Silbergeld  testified  further 
that  many  studies  that  have  attempted 
to  “exonerate”  other  metal-containing 


pigments  such  as  lead  pigments  have 
shown  that  when  exposure  is  chronic 
and  tbe  outcome  is  chronic  (as  opposed 
to  acute),  the  molecular  compound  of  the 
metal  is  “relatively  unimportant."  Dr. 
Silbergeld  stated  that  “those  differences 
in  solubility  would  be  unlikely  to  confer 
a  difference  in  terms  of  tissue  dose 
beyond  the  range  of  one  or  two"  (Tr.  8 / 

7/ 80,  p.  229).  Dr.  Silbergeld  continued 
that  when  the  compound  is  encountered 
chronically  from  the  external 
environment  and  remains  within  the 
body  compartments  for  a  long  period  of 
time,  one  factor  such  as  solubility  does 
not  make  much  difference  in  overall 
toxicity"  (Tr.  6/7/90,  p.  229). 

Dr.  Silbergeld  described  the  process  of 
phagocytosis  or  endocytosis  as  a 
process  where  intracellular  organelles 
come  to  the  defense  of  the  invaded  cell 
which  leads  in  turn  to  a  “very  great 
increase  in  the  local  concentrations  of 
the  compound  at  the  site  of  inclusion, 
and  which  results  in  the  cell's  secretion 
of  acids  that  change  the  chemical  by 
encouraging  dissociation  of  the  metal 
from  the  salt  or  incorporation  of  the 
metal  from  the  salt  or  incorporation  of 
the  metal  onto  a  carrier  protein,  etc. 

Also,  the  cell  may  react  in  a  way  that 
produces  oxidative  stress”  (Tr.  6/7/90, 
pp.  228-235). 

Another  argument  made  by  DCMA 
was  that  metallothionein,  a  protein  that 
contains  33  percent  sulfur  organized  in 
seven  clusters,  “coordinates”  metals 
such  as  cadmium  in  a  very  tight 
structure.  Thus,  metallothionein,  once 
bound,  may  actually  protect  against 
cadmium’s  carcinogenic  effects  [DCMA 
cites  Testimony  at  3-56,  3-58]  (Ex.  120, 
p.  11).  DCMA  then  argued  that  because 
the  cadmium  in  pigments  is  also  "tightly 
held  between  layers  of  sulfur  atoms  in  a 
hexagonal  *  *  *  packing  array,  *  *  * 
the  sulfur  in  pigments  can  be  anticipated 
to  protect  organisms  against  the  toxic 
effects  of  cadmium  ions  in  the  pigments" 
(Ex.  120,  p.  12). 

Based  on  its  review  of  the  in-vivo  and 
in-vitro  studies,  DCMA  concluded  that 
cadmium  pigments  are  not  metabolized 
by  similar  mechanisms  or  at  similar 
rates  as  other  cadmium  compounds. 
Thus,  according  to  DCMA,  “OSHA 
cannot  assume  that  cadmium  pigments 
have  toxicity  equal  to  [that  of)  other 
cadmium  compounds"  (Ex.  120,  p.  12). 
This  hypothesis  was  countered  by 
analogies  drawn  between  cadmium  with 
other  compounds  such  as  lead,  nickel, 
and  asbestos  (e.g.  M.  Costa,  Tr.  6/7/90, 
pp.  56-58).  Dr.  Silbergeld  suggests  that 
endocytotic  incorporation  of  insoluble 
materials  may  lead  to  higher 
concentrations  within  the  cell  which 
could,  in  turn,  heighten  the  potential 
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toxicity  of  “soluble"  [sic,  insoluble] 
compounds  [Ex.  120,  p.  13).  DCMA 
dismissed  this  idea  because  studies 
have  shown  that  most  cadmium  sulfide 
was  in  the  extracellular  compartments 
of  the  lung  (Glaser  1986,  cited  in  Ex.  120) 
and  that  most  of  the  cadmium  from 
pigments  is  retained  in  the  lavagable 
portion  of  the  lung  and  is  not  bound  to 
the  cells  (Oberdorster,  cited  in  Ex.  120). 
Further,  DCMA  noted  that  Oberdorster’s 
work  shows  that  cadmium  sulfide  is 
cleared  from  the  lung  by  the  same 
mechanism  used  to  clear  nuisance  dust. 
DCMA  believes  that  these  studies, 
which  show  that  cadmium  pigment  is 
retained  and  cleared  outside  the  lung 
cells  obviate  OSHA’s  position  that  “the 
endocytotic  assimilation  of  cadmium 
pigments  is  a  plausible  mechanism  for 
assuming  an  equal  potency  for  adverse 
effects  from  these  compounds”  (Ex.  120, 
p.  14). 

After  reviewing  these  comments,  the 
Agency  believes  there  are  insufficient 
data  to  conclude  that  one  hypothesis  is 
more  acceptable  than  another. 
Furthermore,  experimental  data  appear 
to  show  cytotoxic  differences  even 
between  amorphous  and  crystalline 
cadmium  sulfide  compounds,  for 
example,  in  the  incidence  of 
transformations  in  Syrian  hamster 
embryo  cells  (Ex.  92).  Crystalline  CdS 
compounds,  which  perhaps  are  more 
similar  to  the  hexagonal  crystalline 
cadmium  red  pigments  used  in  the 
Rusch  et  al.  study  (Ex.  12-10-D)  than 
amorphous  compounds,  displayed 
greater  cell-transforming  activities  at 
both  cytotoxic  and  non-cytotoxic  levels 
than  did  the  amorphous  compound. 
Qualitative  assessment  indicated 
considerably  less  uptake  of  amorphous 
CdS  than  of  crystalline  CdS  although 
this  phenomenon  was  difficult  to 
observe  quantitatively  with  light 
microscopy  (Ex.  92).  OSHA  recognizes 
that  in  occupational  settings,  all  CdS 
will  not  necessarily  be  in  its  hexagonal 
crystalline  form.  Furthermore,  all 
pigments  will  be  mixtures  of  more  and 
less  soluble  forms  of  cadmium. 

Among  the  studies  which  have 
examined  cadmium  pigments  there  is 
some  evidence  to  suggest  that  cadmium 
pigments  are  less  soluble  than  other 
cadmium  compounds  such  as  cadmium 
chloride.  It  is  possible  that  due  to  their 
relative  insolubility  the  pigments  are 
also  less  available  to  the  body  tissues. 
The  evidence  is  equivocal,  however, 
with  respect  to  the  observable  toxic 
effects.  The  short  term  animal  tests 
seem  to  show  fewer  adverse  effects  (e.g. 
lower  mortality  and  cadmium  body 
burdens)  among  animals  exposed  to 
cadmium  pigments.  The  animals. 


however,  were  exposed  for  only  short 
periods  of  time.  Yet,  even  in  these  short 
term  exposure  studies  there  is  evidence 
of  accumulation  of  cadmium  in  the  lung, 
liver  and  kidney.  There  is  also  positive 
evidence  of  tumor  formation  in  rats 
exposed  to  a  cadmium  pigment 
compound.  In  epidemiological  studies  of 
pigment  users,  low  urinary  cadmium  and 
beta-2-microglobulin  levels  were 
observed  among  cadmium  pigment 
workers  but  in  most  cases,  the  level  of 
exposure  was  poorly  reported  or  not 
given,  raising  the  possibility  that  the 
lack  of  effect  seen  among  these  pigment 
exposed  workers  was  simply  a  result  of 
low  exposure  (e.g.  Ex.  8-729).  Among 
workers  employed  in  the  manufacture  of 
cadmium  pigments,  renal  effects  were 
noted,  and  in  one  study,  it  was 
concluded  that  “insoluble  cadmium" 
pigments  and  dusts  should  not  be 
regarded  merely  as  nuisance  dusts 
because  such  dusts  can  cause  kidney 
damage  (Ex.  8-716).  Although  there  is 
some  evidence  to  suggest  that  cadmium 
pigments  are  less  soluble  than  other 
cadmium  compounds,  there  is  not 
sufficient  data  to  show  that  this  reduced 
solubility  correlates  with  a  reduced 
toxicity,  especially  after  long  term 
exposure.  One  study  even  suggests  an 
increased  bioavailibility  with  a  less 
soluble  cadmium  compound.  After  long 
term  exposure  to  cadmium  pigments, 
cadmium  may  in  fact  be  retained  or  may 
accumulate  in  body  tissues  and  result  in 
adverse  health  effects  in  a  manner 
similar  to  the  adverse  effects  which 
have  been  observed  after  long  term 
exposure  to  other  cadmium  compounds. 

OSHA  concludes  that  there  is 
insufficient  evidence  to  quantify  a 
difference  in  renal  potency,  and  there  is 
a  lack  of  agreement  between 
commentor8  on  the  presence  of  renal 
effects  among  pigment  workers.  Given 
the  limitations  of  these  data  and  the 
severity  of  the  type  of  health  effects  that 
can  result  from  rather  small  errors  in 
estimates  of  risk,  OSHA  should  not 
regulate  cadmium  pigments,  or  CdS 
pigments,  differently  from  other 
cadmium  compounds.  OSHA 
acknowledges  that  several  commentors 
hold  the  opinion  that  CdS  is  less 
bioavailable,  but  the  opinions  vary  on 
the  degree  of  difference  in 
bioavailability,  i.e.,  2-3  fold  reductions 
in  some  studies;  reductions  of  10  to  15  in 
other  studies;  a  reduction  of  thousands 
times  less  in  another  study.  The  data  are 
inadequate  to  develop  public  policy 
decisions  that  would  allow  some 
workers  to  be  exposed  to  higher 
amounts  of  cadmium  than  other 
workers,  based  upon  type  of  compound 
alone.  Opinions  differ  on  the  type  of 


cadmium  compound  in  use  in  the 
workplace.  In  the  absence  of  data  that 
indicate  only  relatively  insoluble  forms 
of  cadmium  sulfide  will  be  present, 

OSHA  cannot  separate  one  cadmium 
compound  from  others  for  regulatory 
purposes.  OSHA  must  err  on  the  side  of 
worker-health  and  believes  that 
mixtures  of  relatively  more  and  less 
soluble  forms  will  be  present  at  one  time 
or  another  in  the  workplace. 

3.  Pulmonary  Effects 

Reduced  pulmonary  function  and 
chronic  lung  disease  indicative  of 
emphysema  have  been  observed  in 
workers  with  prolonged  exposure  to 
cadmium  fume  and  dust.  In  a  study  by 
Friberg  (Ex.  4-29),  workers  at  an 
alkaline  accumulator  factory  exposed  to 
cadmium  dust  at  estimated 
concentrations  of  3  to  15  mg/m3  for  9  to 
34  years  experienced  impaired  olfactory 
sensation,  shortness  of  breath,  and 
impaired  lung  function  with  associated 
poor  physical  working  capacity.  Rabbits 
exposed  to  cadmium  dust  from  that 
factory  exhibited  chronic  inflammatory 
changes  in  the  nasal  mucosa  and  signs 
of  emphysema  in  the  lung  (Ex.  4-29). 

Subsequent  studies  have  confirmed 
the  findings  of  these  initial  clinical  and 
experimental  studies.  Bonnell  (Ex.  4-22) 
and  Kazantzis  (Ex.  4-42)  studied 
workers  exposed  to  cadmium  fume  at 
copper-cadmium  alloy  factories  for  5  to 
15  years.  The  average  concentration  of 
cadmium  over  an  8-hour  period  was 
reported  not  to  have  exceeded  270  pg/ 
m3.  The  workers  exhibited  shortness  of 
breath  and  impairment  of  pulmonary 
function,  which  were  suggested  to  have 
been  the  result  of  emphysema.  Similarly, 
a  study  of  workers  exposed  to  cadmium 
dust  at  concentrations  below  200  pg/m3 
for  greater  than  20  years  showed 
significantly  lower  pulmonary  function 
compared  to  within  plant  non-exposed 
controls  (Ex.  4-50).  Smith  (Ex.  4-63) 
examined  workers  who  were  exposed  to 
airborne  cadmium  at  0.2  mg/m3  or 
greater  for  6  years  or  more  at  a  cadmium 
producing  plant.  Workers  were  found  to 
have  decreased  pulmonary  function  and 
mild  to  moderate  interstitial  fibrosis. 
Findings  in  this  study  suggested  that  the 
lung  damage  was  due  to  prolonged 
exposure  rather  than  repeated  acute 
exposures.  No  worker’s  medical  records 
showed  evidence  of  acute  illnesses 
which  would  have  occurred  if  cadmium 
air  levels  were  5  mg/m3.  Furthermore,  a 
dose-response  relationship  between 
reduced  pulmonary  function  and  months 
of  cadmium  exposure  was  observed  (i.e. 
pulmonary  function  decreased  as  the 
months  of  exposure  increased).  It  should 
be  noted  that  in  many  of  these  studies 
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proteinuria  was  observed  ui  a  number  of 
the  workers  who  experienced  adverse 
respiratory  effects  indicating  'hat  both 
chronic  systemic  effects  and  damage  at 
site  of  contact  result  from  inhalation  of 
cadmium  dusts  and  fumes. 

4.  Skeletal  Effects 

Workers  with  orogressive  forms  of 
proteinuria  have  exhibited  skeletal 
system  effects  associated  with  improper 
bone  mineralization  such  as 
osteoporosis  and  osteomalacia.  It  is 
possible  that  cadmium-induced 
disturbances  in  the  kidney  are 
associated  with  these  adverse  effects 
(Ex.  8-086b,  pp.  111-158).  For  example, 
the  active  metabolite  of  vitamin  D,  1,25- 
dihydrocalciferol  (1,25  DHCC)  forms  in 
the  kidney  and  stimulates  intestinal 
absorption  of  calcium  which  is  required 
for  normal  bone  mineralization.  As 
cadmium  accumulates  in  the  renal 
cortex  it  may  inhibit  the  metabolism  of 
vitamin  D  to  its  active  metabolite. 
Additionally,  cadmium-induced  renal 
damage  may  decrease  the  tubular 
reabsorption  of  calcium,  and  thus 
increase  the  urinary  excretion  of  this 
essential  element  from  the  body.  Recent 
studies  of  patients  with  cadmium- 
induced  bone  defects  have  also  shown 
reduced  concentrations  of  vitamin  D 
metabolites  in  their  blood  (Ex.  8-189). 

Bone  mineralization  may  also  be 
inhibited  when  there  is  interference  with 
collagen  metabolism.  Cadmium  may 
inhibit  the  formation  of  collagen  fibers 
by  interfering  with  the  copper- 
dependent  enzymes  responsible  for  the 
cross  linking  of  collagen  molecules  into 
fibrils.  These  fibrils  form  collagen  fibers 
which  in  turn  provide  the  fiber  structure 
necessary  for  proper  mineralization  of 
bone.  Improper  bone  mineralization 
results  in  a  decreased  density  and 
softening  of  bone,  conditions  associated 
with  osteoporosis  and  osteomalacia. 

In  humans,  adverse  bone  effects  have 
been  observed  after  long-term  exposure 
to  cadmium.  In  a  follow-up  study  of 
workers  exposed  to  cadmium  dust  for  28 
to  45  years,  several  workers  showed 
hypercalciuria  (an  excess  of  calcium  in 
the  urine)  with  one  case  advancing  to 
osteomalacia  (Ex.  8-9).  A  case  study  by 
Friberg  of  a  battery  plate  worker 
exposed  to  cadmium  for  36  years 
documents  the  development  of  renal 
tubular  dysfunction  and  severe 
osteomalacia  (Ex.  8-170).  Friberg  notes, 
however,  that  relative  to  the  number  of 
workers  with  reported  severe  renal 
tubular  damage  the  reported  number  of 
cases  of  adverse  bone  effects  is  low  (Ex. 
8-086b,  p.  140). 

One  reason  adverse  bone  effects 
occur  infrequently  may  be  that  the  bone 
has  a  reserve  of  calcium  to  maintain  an 


adequate  level  in  the  body  and  thus  it 
may  take  a  long  period  of  time  for 
cadmium  to  induce  bone  disease.  A 
second  reason  is  that  dietary 
deficiencies,  in  addition  to  cadmium 
exposure,  may  be  necessary  to  induce 
bone  effects.  For  example,  in  cadmium- 
polluted  areas  of  Japan,  cases  of  Itai-Itai 
disease,  (a  condition  characterized  by 
osteomalacia  and  renal  tubular 
dysfunction),  have  been  causally  related 
to  cadmium  exposure  from 
contaminated  rice.  However,  among  the 
cases  there  was  also  a  dietary 
deficiency  of  calcium  and  vitamin-D, 
suggesting  that  the  inadequate 
consumption  of  essential  food  elements 
and  vitamins  may  have  been  a 
contributing  factor  to  the  disease  (Ex.  8- 
086b,  p.  151-153). 

In  animals  exposed  to  cadmium  either 
by  injection  or  ingestion,  disturbances  in 
calcium  metabolism  with  osteoporotic 
and  osteomalacic  conditions  have  been 
observed.  For  example,  chicks  exposed 
to  cadmium  in  their  feed  for  3  weeks 
showed  a  decrease  in  calcium 
absorption  from  the  intestine  suggesting 
a  possible  effect  on  the  formation  of 
1,25-DHCC  (Ex.  8-3).  Calcium 
absorption  was  observed  to  decrease  as 
levels  of  cadmium  in  the  feed  increased. 

Osteomalacia  was  induced  in  rats  fed 
dietary  concentrations  of  10,  50  or  100 
ppm  cadmium  for  19  months  (Ex.  8-112). 
Osteoporotic  changes  increased  as 
cadmium  doses  increased.  The  rats  fed 
cadmium  developed  osteoporotic 
changes  in  bone  before  the  onset  of 
kidney  damage  indicating  that  cadmium 
may  possibly  have  a  direct  effect  on 
bone  rather  than  an  indirect  effect 
through  renal  damage  (Ex.  8-55). 

Friberg,  however,  presents  a  review  of 
experimental  studies  in  which  the 
preponderance  of  data  seem  to  suggest 
that  chronic  exposure  to  cadmium 
induces  osteoporosis  and  osteomalacia 
subsequent  to,  and  perhaps  associated 
with,  renal  tubular  damage  (Ex.  8-086b, 
p.  115-139). 

5.  Reproductive  and  Developmental 
Effects 

a.  Reproductive  effects  in  male 
animals.  A  number  of  studies  have 
demonstrated  testicular  necrosis  after 
systemic  administration  of  cadmium 
salts  in  animals  such  as  rats,  rabbits, 
monkeys,  guinea  pigs,  golden  hamsters 
and  calves.  (Ref.  in  Exs.  8-420,  8-107;  8- 
337;  8-338;  8-86B).  Parizek  and  Zahor 
have  also  reported  regressive  changes  of 
the  seminiferous  epithelium  in  rats 
within  4  to  6  hours  after  subcutaneous 
injection  of  cadmium  chloride  or  lactate. 
These  changes  progress  to  total  necrosis 
within  24  to  48  hours  (Ref.  in  Ex.  8-420). 
Morphological  changes  in  the 


spermatozoa  of  the  ductus  deferens  and 
proximal  parts  of  the  epididymis  occur, 
but  changes  in  the  spermatozoa  in  distal 
parts  of  the  epididymis  are  sometimes 
also  observed.  White  observed  that 
cadmium  is  extremely  toxic  for  sperm 
cells  in  vitro  (Ref.  in  Ex.  8-86).  Schmid  et 
al.  have  shown  that  the  normal  sperm 
motility  is  inhibited  at  cadmium 
concentrations  exceeding  1.6  p.M  (  =  180 
pg/I)  (Ref.  in  Ex.  8-86B).  It  has  been 
suggested  by  Chiquoine  that  cadmium- 
induced  testicular  necrosis  is  common  in 
species  possessing  scrotal  testes  and 
absent  from  those  possessing  abdominal 
testes  (Ref.  in  Ex.  8-86B). 

The  vascular  bed  and  the  blood  flow 
of  the  testicles  are  affected  very  rapidly 
following  injection  of  cadmium. 

Cadmium  increases  permeability  of  the 
testicular  capillary  blood  system. 
Francavilla  et  al.  showed  that  capillary 
damage  leads  to  massive  vascular 
escape  of  fluids  and  blood  substances 
into  the  interstitium  which  subsequently 
results  in  edema  and  circulatory  stasis 
(Ref.  in  Ex.  8-86B).  Organ-specific 
carbonic  anhydrase  was  suggested  by 
Hodgen  et  al.  to  be  the  primary  target  of 
cadmium  toxicity  in  the  testicles  (Ref.  in 
Ex.  8-86B). 

Piscator  and  Axelsson  did  not  observe 
any  pathological  changes  in  the  testicles 
of  rabbits  exposed  to  subcutaneous 
injections  of  cadmium  (0.25  mg  Cd/kg,  5 
days/wk)  for  as  many  as  24  weeks  and 
then  followed  for  30  weeks  before 
sacrifice  (Ref.  in  Ex.  8-95).  It  is 
suggested  that  the  cadmium 
accumulated  from  long-term  exposure  is 
mainly  bound  to  metallothionein  and 
that  this  protein  has  a  protective  effect. 
Zenick  et  al.  did  not  see  any  effect  of 
cadmium  exposure  on  testis  weight, 
sperm  count,  number  of  abnormal  sperm 
and  testis  morphology  in  male  Long 
Evans  hooded  rats  exposed  to  0, 17.2, 
34.4  and  688  mg  Cd/1  in  drinking  water 
over  a  period  of  70  days  (Ref.  in  Ex.  8- 
86B).  Also,  reproductive  outcome  was 
completely  normal  in  these  rats. 

Krasovskii  et  al.,  however,  showed 
that  with  chronic  dosing,  adverse  effects 
on  spermatogenesis  occurred  at  lower 
doses  than  with  acute  dosing  (Ref.  in  Ex. 
8-86B).  They  found  significant 
reductions  in  sperm  number  and  motility 
and  a  significant  increase  in 
desquamation  of  spermatogenic 
epithelium  in  rats  given  0.005  or  0.0005 
mg  Cd/kg  orally  for  six  months.  There 
were  no  adverse  effects  at  0.00005  mg/ 
kg.  Dwivedi  et  al.  demonstrated  a 
depression  of  spermatogenesis, 
increased  production  of  abnormal  sperm 
and  atrophy  of  the  seminal  vesicles  with 
daily  doses  of  0.001  m  mol/kg  (0.2  mg/ 
kg)  given  intraperitoneally  for  one 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  42139 


month  which  was  similar  to  that 
produced  by  a  intraperitoneai  dose  of 
0.01  m  mol  /kg  (2  mg/kg)  (Ref.  in  Ex.  8- 
86B).  They  also  noted  marked  inhibition 
of  choline  acetyl  transferase  activity  in 
the  spermatozoa,  a  change  known  to  be 
associated  with  impaired  sperm  function 
and  sterility.  Senczuk  and  Zielinska- 
Psuja  noted  damage  to  the 
spermatogenic  tubules  and  interstitial 
tissue  hypertrophy  following 
administration  of  8  or  88  mg  cadmium 
chloride/kg  in  the  diet  for  12-15  months 
(Ref.  in  Ex.  8-86B).  These  changes, 
however,  were  not  seen  at  3  or  6  months 
on  the  diet. 

Battersby  et  al.  demonstrated  that 
administration  of  cadmium  chloride  (5 
and  50  ppm)  in  drinking  water  for  up  to 
40  weeks  did  not  alter  the  ultrastructural 
appearance  of  the  prostate  gland  in  rats 
of  varying  ages  (Ref.  in  Ex.  8-86B).  The 
testosterone  concentration  also  did  not 
differ  significantly  from  controls.  Low 
levels  of  cadmium  ( <  5  ppm)  were 
accumulated  by  the  ventral  lobe  of  the 
prostate,  although  the  metal  was  not 
detectable  subcellularly. 

Changes  in  blood  androgen  and 
gonadotropin  levels  have  been  shown  to 
parallel  the  extent  of  histological 
damage  to  the  interstitial  tissue  of  the 
testes  by  several  investigators  such  as 
Favino  et  al.,  Saksena  et  al.,  Lau  et  al., 
and  Dutt  et  al.  (Ref.  in  Exs.  8-88B;  8- 
206).  The  human  chorionic  gonadotropin 
(HCG)-induced  serum  testosterone 
concentration  was  reduced  to  less  than 
five  percent  of  that  in  control  rats  even 
at  comparably  low  doses  (0.18,  0.34  and 
0.83  mg  Cd/kg)  resulting  in  decrease  in 
the  weight  of  the  testes,  seminal  vesicles 
and  epididymis  of  rats.  Changes  in 
secondary  sex  organs  following 
cadmium  injection  are  thought  to  be  due 
to  these  hormones,  but  Timms  et  al. 
have  evidence  from  rat  studies 
suggesting  cadmium  may  itself  have  a 
direct  effect  on  the  prostate  gland  (Ref. 
in  Ex.  8-86B). 

b.  Reproductive  effects  in  female 
animals.  Kar  et  al.  demonstrated  that 
the  ovaries  of  prepubertal  rats  undergo 
morphological  changes  after  injection 
(route  unspecified)  of  10  mg  CdCb  (6  mg 
Cd/kg)  (Ref.  in  Ex.  8-86B).  One  week 
after  the  administration,  recovery  was 
complete.  Massive  ovarian  hemorrhage 
was  induced  by  injection  (route 
unspecified)  of  cadmium  chloride  or 
acetate  (2.3-6  mg/kg)  by  Parizek  et  al. 
(Ref.  in  Ex.  8-248).  Similar  results  were 
also  reported  by  Watanabe  et  al.  (Ref.  in 
Ex.  8-370). 

Parizek  noted  that,  in  contrast  to  the 
good  survival  of  nongravid  rats  and 
those  injected  after  giving  birth, 
administration  of  cadmium  salts  (0.02 
mmole/kg;  during  the  last  four  days  of 


pregnancy)  to  gravid  rats  resulted  in 
high  mortality  (78%  for  first  pregnancies, 
slightly  less  for  second  pregnancies) 
within  one  to  four  days  after  injection 
(Ref.  in  Ex.  8-86B).  The  first  sign  of 
illness  in  some  of  the  injected  gravid 
rats  was  the  appearance,  within  six 
hours  of  injection,  of  blood  in  the  urine. 
Occasionally,  when  rats  were  observed 
at  the  time  of  death,  violent  convulsions 
were  seen.  Generalized  visceral  venous 
congestion,  intense  pulmonary 
congestion,  hemorrhagic  edema  and 
sometimes  massive  pleural  effusion 
were  seen  at  autopsy  in  rats  dying 
within  24  hours  after  injection.  At  this 
stage  the  kidneys  were  swollen  and 
hyperemic,  with  focal  or  diffuse 
hemorrhages  predominantly  situated  in 
the  renal  medulla. 

Copius  Peereboom-Stegeman  et  al. 
reported  that  cadmium  exposure  seems 
to  increase  the  thickness  of  the  basal 
lamina  in  the  blood  vessels  in  a  dose- 
related  manner  in  the  uterus  of  female 
rats  subcutaneously  injected  with  0.36 
and  0.18  CdCla/kg  for  8  to  60  weeks.  But 
these  are  also  indications  of  an 
increased  thickness  of  the  basal  lamina 
with  age.  Possibly,  cadmium  exposure 
was  accelerating  the  age-related 
changes  in  these  blood  vessels  (Ref.  in 
Ex.  8-86B). 

Exposure  of  female  rats  to  cadmium 
sulfate  (3  g/day  for  4  months)  prolonged 
the  estrous  cycle  in  a  study  by 
Tsvetkova  (Ex.  156).  In  four  months, 
average  length  of  diestrous  phase  in  the 
experimental  females  was  6.2+0.02 
days,  and  in  the  control  1.2±0.02  days. 
Der  et  al.  have  also  shown  altered 
estrous  cycles  in  rats  given  250  pg/day 
of  cadmium  chloride  by  intramuscular 
injection  for  54  days  (Ref.  in  Ex.  8-86B). 
After  25  days,  regular  cycles  ceased  and 
the  animals  went  into  persistent 
diestrus.  The  dose  of  250  pg/day  caused 
other  signs  of  toxicity  viz.  lower  weight 
gain,  coarse  hair  coat,  sluggish 
movements  and  significant  reductions  in 
uterine,  ovarian  and  pituitary  weight, 
but  no  histological  changes  in  the  uterus 
or  ovary.  Injection  of  50  pg/day 
produced  few  toxic  signs  and  had  no 
effect  on  estrus  cycles  or  reproductive 
organ  weights. 

c.  Reproductive  effects  in  humans. 
There  is  only  limited  data  on 
reproductive  effects  in  humans,  there  is 
some  evidence  in  animals.  There  is  no 
evidence  of  cadmium-induced  testicular 
necrosis  in  humans,  most  likely  because 
extremely  high  doses  would  be  required 
to  induce  such  an  effect.  Friberg 
suggests  that  if  the  absorbed  oral  dose 
required  to  produce  a  testicular  effect  Is 
proportional  to  the  doses  administered 
in  the  injection  studies,  a  dose  of  70  mg 
to  a  70  kg  man  would  be  required  to 


elicit  the  same  response  as  the  1  mg/kg 
dose  studied  in  animals  (Ex.  8-086b,  p, 
185).  The  lack  of  data  on  testicular 
function  following  cadmium  exposure  in 
humans  makes  it  difficult  to  draw  any 
conclusions  on  possible  acute  testicular 
effects  in  man. 

OSHA  reviewed  two  reports  which 
addressed  the  effect  of  cadmium  on  the 
male  reproductive  system  in  humans. 
Exposure  data  were  insufficient  in  these 
reports  to  adequately  evaluate  dose- 
response  effects. 

Smith  et  al.  (1960;  Ex.  155)  reported 
five  cases  of  fatalities  as  a  result  of 
chronic  cadmium  poisoning.  The 
workers  were  exposed  repeatedly  to 
brief,  intermittent,  but  high 
concentrations  of  cadmium  fume  in  the 
manufacture  of  a  copper-cadmium  alloy. 
In  the  process,  a  50  percent  cadmium 
master  alloy  was  first  prepared  and 
small  quantities  added  to  crucibles  of 
molten  copper  which  were  stirred 
manually.  Large  amounts  of  cadmium 
fume  were  released.  Histopathological 
examination  at  necropsy  revealed  that 
all  five  cases  had  emphysema  but  little 
evidence  of  bronchitis  and  kidneys  with 
little  damage  except  for  slight  hyaline 
arteriosclerosis.  In  four  cases  the  testes 
were  also  examined  and  all  exhibited 
normal  tubules  with  many  mitoses.  In 
all,  however,  there  was  very  infrequent 
maturation  to  spermatids  or 
spermatozoa.  The  authors  stated  that  the 
plentiful  mitotic  activity  in  the 
spermatocytes  suggests  that  the 
depression  of  maturation  to  spermatids 
and  spermatozoa  is  an  effect  of  terminal 
illness  rather  than  of  chronic  cadmium 
toxcity. 

The  androgen  function  of  men 
occupationally  exposed  to  cadmium 
during  the  manufacture  of  alkaline 
storage  batteries  has  been  studied  by 
Favino  et  al.  (1968,  as  cited  in  Friberg  et 
al.,  1986/Ex.  8-86B).  Ten  cadmium- 
exposed  workers  and  ten  controls 
matched  for  age  and  body  weight  were 
examined.  The  cadmium-exposed 
subjects  worked  in  one  of  two  processes 
in  the  plant.  In  the  first  area  some 
chemical  and  physical  processes  were 
carried  out  to  prepare  the  material  for 
the  negative  electrode  of  the  storage 
battery;  from  a  sulphonitric  mixture 
cadmium  was  precipitated  as  Cd(OH)4 
by  NaOH  at  70°  C,  filtered  under 
pressure  and  dried  at  about  140°  C.  Then 
a  fine  cadmium  powder  was  prepared 
which  was  mixed  with  kerosene  and 
water.  In  the  second  area  the  technical 
processes  were  carried  out  to  supply  the 
elements  of  the  storage  battery  and  to 
complete  the  manufacture  of  the  battery 
by  connecting  the  negative  with  the 
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positive  electrode,  which  is  a  mixture 
where  nickel  is  the  active  component. 
Some  cadmium-exposed  subjects  were 
working  at  the  time  of  the  study  and 
some  had  left  the  plant  several  years 
before.  Of  those  currently  employed  at 
the  plant,  those  in  the  first  area  had,  at 
the  time  of  the  study,  been  continuously 
working  in  that  area  for  about  two  to 
five  years  or  more  without  interruption. 
Those  in  the  second  area  had  been 
continuously  exposed  to  cadmium  until 
some  years  before  the  study  initiation 
and  then  were  employed  in  other  areas 
of  the  plant.  The  control  workers  had 
other  jobs  in  the  same  plant.  The 
majority  worked  in  lead  storage  battery 
manufacture. 

Androgenic  function  was  assessed  by 
the  measurement  of  basal  urinary 
excretion  of  17  ketosteroids, 
androsterone,  etiocholanolone, 
testosterone,  and  epitestosterone.  There 
was  *50  significant  difference  between 
the  exposed  and  control  groups  in  the 
mean  level  of  these  hormones. 
Epitestosterone  was  higher  in  the 
exposed  versus  control  groups,  but  this 
difference  was  not  significant.  None  of 
the  workers  had  proteinuria.  The 
presence  or  absence  of  symptoms  such 
as  impotence  as  well  as  the  number  of 
children  was  reported  in  cadmium- 
exposed  but  not  control  workers.  One 
cadmium-exposed  worker  claimed 
impotence  and  inability  to  have  children 
after  starting  to  work  with  cadmium. 

This  worker  had  low  urinary  levels  of 
the  17  ketosteroids,  androsterone, 
etiocholanolone,  and  testosterone.  This 
worker  also  had  urinary  cadmium  levels 
above  the  normal  range.  Another  worker 
who  also  claimed  impotence  had  normal 
urinary  hormone  levels.  The  authors 
concluded  that  more  information  was 
needed  about  the  first  affected  worker 
before  it  could  be  determined  whether 
cadmium  was  toxic  to  his  genital 
function.  OSHA  is  of  the  opinion  that 
the  above  mentioned  studies  provide  no 
evidence  of  any  adverse  effect  of 
cadmium  on  human  testicular  function. 

d.  Developmental  effects.  There  are 
few  studies  of  the  developmental  effects 
of  cadmium  in  humans.  Tsvetkova  (1970; 
Ex.  156)  studied  106  female  workers 
exposed  to  various  cadmium  compounds 
in  alkaline  storage  battery,  chemical 
reagent  and  zinc  casting  plants.  The 
exposed  workers  were  from  18  to  48 
years  of  age.  They  had  worked  from  2  to 
16  years.  Workers  in  the  alkaline  battery 
factory  were  exposed  to  cadmium  oxide 
in  concentrations  of  0.1  to  25  mg/m3. 
Those  in  the  chemical  plant  were 
exposed  to  a  number  of  soluble 
cadmium  salts  in  concentrations  of  0.16 
to  35  mg/m3.  Workers  in  the  zinc  casting 


factory  were  exposed  to  cadmium 
sulfate,  cadmium  sulfide  and  metallic 
cadmium  in  concentrations  of  0.02  to  25 
mg/m3.  A  control  group  of  workers  not 
exposed  to  cadmium  was  also 
examined,  but  no  further  description  of 
this  group  was  provided. 

The  authors  reported  that  they  were 
unable  to  show  changes  in  the  menstrual 
cycle  of  women  in  contact  with  the 
indicated  cadmium  compounds.  It  was 
reported,  however,  that  there  were 
isolated  changes  in  the  menstrual  cycle 
which  were  a  function  of  endocrinal- 
gynecological  illnesses  said  to  develop 
from  working  with  cadmium 
compounds.  Further  details  of  these 
illnesses  were  not  provided. 

The  course  and  time  of  pregnancy  of 
the  cadmium  exposed  workers  were 
reported  to  correlate  with  physiological 
norms.  The  average  neonatal  weight  for 
either  boys  or  girls  bom  to  cadmium- 
exposed  workers  employed  in  either  the 
battery  or  zinc  casting  plants  was 
significantly  lower  [p  <.01  for  each 
group)  than  that  of  the  controls.  For 
boys  bom  to  control,  battery,  and  zinc 
casting  plant  workers,  average  weights 
were  3.719  kg±0.120  (11  newborns), 

3.217  kg±0.036  (13  newborns),  and  3.388 
kg  ±0.028  (17  newborns),  respectively. 
The  average  weight  of  girls  bom  to 
control,  battery,  and  zinc  casting  plant 
workers  were  3.544  kg±0.82  (9 
newborns),  2.918  kg±0.032  (14 
newborns),  and  3.106  kg±0.031  (10 
newborns),  respectively.  Neonatal 
weights  of  children  bom  to  workers  in 
the  chemical  plant  were  lower  but  not 
significantly  than  those  of  controls. 
Thirteen  children  (8  boys  and  5  girls) 
were  examined.  Additionally,  4  out  of  27 
children  of  the  zinc  factory  workers 
were  reported  to  have  clear  signs  of 
rickets,  one  had  retarded  eruption  of 
teeth  and  two  had  dental  disease.  The 
children  of  controls  were  not  similarly 
affected. 

It  is  OSHA’s  opinion  that  the  limited 
amount  of  information  on  methodology, 
including  selection  of  controls,  provided 
in  this  study  does  not  allow  one  to 
interpret  the  findings. 

Exposure  of  animals  during  pregnancy 
to  cadmium,  at  doses  in  the  order  of  mg/ 
kg,  gives  rise  to  fetal  death  as  well  as 
severe  malformations.  Teratogenic 
effects  of  cadmium  and  death  of  the 
embryo  occur  as  a  consequence  of 
cadmium  given  in  early  pregnancy, 
whereas  fetal  death  is  the  dominating 
effect  when  cadmium  is  administered 
shortly  before  delivery. 

Lauwerys  et  al.  and  Roels  et  al.  have 
shown  correlations  of  maternal, 
placental,  and  fetal  blood  levels  of 
cadmium  indicating  that  cadmium 


accumulates  in  the  placenta  (Ref.  in  Ex. 
6-66i8).  Parizek  et  al.  have  reported  that 
cadmium  salts,  given  in  small  amounts 
to  pregnant  rats,  evoked  rapidly 
progressive  changes  in  the  placenta, 
resulting  in  destruction  of  the  pars 
fetalis  (Ref.  in  Ex.  8-555).  The  cadmium 
administration  appeared  to  cause 
hemorrhagic  changes  and  necrosis  in  the 
placenta  which  could  lead  to  embryonic 
death  and  uterine  hemorrhage  as  shown 
by  Parizek  and  Chiquoine  (Ref.  in  Exs. 
8-555;  8-86B).  The  studies  by  Ferm  et  al. 
and  Dencker  indicated  that  the  transfer 
of  cadmium  across  the  placenta  to  the 
fetus  varies  during  gestation.  (Ref.  in  Ex. 
8-608)  During  early  organogenesis,  in 
mice  and  hamster,  cadmium  reaches  the 
embryo.  Berlin  and  Ullberg  observed 
that  after  closure  of  the  vitelline  duct, 
cadmium  uptake  (after  parenteral 
administration)  was  diminished  and 
remained  low  throughout  the  remainder 
of  gestation  in  mice  (Ref.  in  Ex.  8-668). 
Similar  results  were  also  seen  in  rats  by 
several  investigators  such  as  Sonawane 
et  al.,  Ahokas  and  Dilts,  and  Levin  and 
Miller  (Ref.  in  Ex.  8-86B;  8-88;  8-86B). 
After  a  single  oral  dose  of  cadmium  to 
rats  on  day  17  of  gestation,  little 
cadmium  was  detected  in  the  fetus  in  a 
study  by  Ahokas  and  Dilts  (Ref.  in  Ex. 
8-88). 

Tsvetkova  observed  lower  fetal 
weight  when  pregnant  rats  were 
exposed  to  cadmium  sulfate  (3  mg/m3) 
by  inhalation  but  there  was  no  evidence 
of  increased  fetal  mortality  (Ex.  156).  In 
a  study  by  Prigge,  exposure  of  pregnant 
rats  to  cadmium  chloride  aerosols  at 
three  dose  levels  (0.2,  0.4  and  0.6  mg  Cd / 
m3  continuously  for  21  days)  also 
resulted  in  reduction  of  weight  gain  in 
all  three  groups  of  exposed  pregnant 
rats.  Fetal  weights  were  also 
significantly  reduced  in  animals 
exposed  to  the  highest  levels.  Fetal 
alkaline  phosphatase  activity  was  also 
elevated  in  the  most  highly  exposed 
group.  A  marked  dose  dependent 
decrease  in  the  activity  of  alkaline 
phosphatase  was  observed  in  exposed 
pregnant  as  compared  to  exposed 
nonpregnant  animals.  Hemoglobin  levels 
and  hematocrits  were  increased  in  both 
pregnant  and  non  pregnant  animals. 
However,  no  changes  in  fetal 
erythropoiesis  were  seen  (Ex.  154). 

Cadmium  administered  parenterally 
during  organogenesis  caused  fetal 
malformation  which  varied  with  the 
time  of  administration  and  strain  of 
animals  as  shown  by  Chang  et  al.  and 
Ferm  and  Hanlon  et  al.  (Ref.  in  Ex.  8- 
668).  For  example,  in  the  hamster, 
intravenous  administration  of  2  mg/kg 
cadmium  sulfate  on  day  8  of  gestation 
induced  a  high  percentage  of  fetal 
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deaths  and  facial  deformities  in 
survivors.  Exencephaly  and  skeletal 
defects  were  also  observed  by  Ferm  and 
Carpenter  (Ref.  in  Ex.  8-668). 

A  dose  dependent  increase  in 
teratogenic  effects  was  also  seen  by 
Ishizu  et  al.  after  subcutaneous 
administration  of  cadmium  chloride 
(0.33,  0.63,  2.5  or  5.0  mg/kg)  to  pregnant 
mice  on  day  7  of  gestation  (Ex.  8-195). 

At  the  dose  of  5.00  mg/kg,  exencephaly, 
lack  of  tail,  rachischisis  and  vaginal 
atresia  were  noted.  When  the  fetuses 
were  treated  and  stained  with  alizarin, 
skeletal  malformations  in  the  skull 
region,  vertebral  parts  and  ribs  were 
observed.  When  external  malformations 
were  combined,  the  total  malformation 
appearing  rate  exceeded  80  percent. 
When  dosage  of  cadmium  was  reduced 
to  2.5  mg/kg,  0.63  mg/kg  or  0.33  mg/kg, 
both  external  and  skeletal 
malformations  were  reduced 
significantly,  malformation  appearing 
rate  was  less  than  one  percent  with  0.63 
mg/kg  and  zero  with  0.33  mg/kg.  The 
concentrations  of  cadmium  in  the  liver, 
kidney  and  placenta  of  mice  exposed  to 
cadmium  were  800,  450  and  10  times 
higher  than  the  control  mice.  There  was 
no  measurable  amount  of  cadmium  in 
the  fetuses  of  cadmium  chloride  injected 
mice.  In  authors  opinion,  administered 
cadmium  stayed  mostly  in  the  placenta 
at  least  in  the  late  pregnancy  and  was 
not  transferred  to  the  fetuses  (Ex.  8-195). 

A  dose-dependent  rise  in  the  fetal 
death  rate,  decrease  in  fetal  weight,  and 
increase  in  the  rate  of  anomalies,  which 
included  micrognathia,  cleft  palate, 
clubfoot  and  small  lungs  were  noticed  in 
rats  after  daily  subcutaneous  injection 
of  4,  6,  8  or  12  mg  cadmium  chloride  (2.6 
to  7.7  mg  Cd)/kg  given  for  4  consecutive 
days  beginning  on  day  13  and  extending 
to  the  16th  day  of  gestation  were 
reported  by  Chemoff  (Ex.  8-155). 

A  high  incidence  (as  many  as  80%)  of 
the  fetuses  with  hydrocephalus  were 
seen  by  Samarawickrama  and  Webb 
when  pregnant  rats  were  given  a  single 
intravenous  injection  of  1.25  Cd/kg 
between  days  9  and  15  of  gestation. 
Other  defects  observed  were 
anophthalmia,  microphthalmia, 
gastroschisis  and  umbilical  hernia.  It  is 
mentioned  in  the  report  that  1.1  mg  Cd/ 
kg  produced  no  malformations,  while 
1.35  mg  Cd/kg  killed  all  embryos  (Ex.  8- 
157). 

In  a  study  by  Schroeder  and 
Mitchener,  oral  administration  of 
cadmium  (10  ppm  in  doubly  deionized 
water)  to  breeding  mice  resulted  in  a 
loss  of  strain  in  two  generations  (Ex. 
153).  Sharp  angulation  of  the  distal  third 
of  the  tail,  a  congenital  abnormality, 
was  seen  in  16  percent  of  the  Fi  and  F2A 
generations.  Of  the  offspring  that  lived 


beyond  weaning  13  percent  were  runts 
and  30  percent  died.  Inability  to  breed  in 
F2B  generation  by  some  pairs  was  also 
noted. 

In  contrast,  no  growth,  reproduction, 
or  frequency  of  malformations  were 
noted  by  Wills  et  al.,  after  four 
descendant  generations  of  rats  were 
exposed  to  very  low  cadmium 
concentrations  in  the  diet;  0.07,  0.10  and 
0.125  Cd/kg  (Ref.  in  Ex.  8-86B). 

However,  exposure  levels  were  so  low, 
in  fact  close  to  the  natural  background 
levels,  that  toxic  effects  were  hardly  to 
be  expected. 

A  lower  placental  and  fetal  weight 
was  also  seen  by  Tsvetkova  after 
exposure  of  female  rats  to  cadmium 
sulfate  (3  g/day  for  4  months  by 
inhalation)  (Ex.  156).  The  cadmium 
content  in  the  liver  of  the  experimental 
group  embryos  was  17.64±40.02  pg/g, 
and  the  control  group  7.99±0.04  pg/g. 
The  progeny  of  the  experimental  rats 
exposed  to  cadmium  were  less  viable 
than  the  controls. 

Ferm  and  Layton  suggested  that 
teratogenic  effects  of  cadmium  in  the 
hamster  or  mouse  could  be  prevented  by 
pretreatment  with  small  amounts  of 
cadmium,  indicating  a  protective 
mechanism  involving  induction  of 
metallothionein  (Ref.  in  Ex.  8-668). 
Several  investigators  such  as  Lucis  et 
al.,  Arizono  et  al.,  and  Hanlon  et  al. 
have  shown  that  cadmium  administered 
to  pregnant  animals  binds  to  a 
metallothionein-like  protein  in  the 
placenta  (Ref.  in  Ex.  8-668). 

Samarawickrama  and  Webb 
demonstrated  a  reduced  zinc  uptake  in 
the  rat  fetus  after  cadmium  treatment  on 
day  9  to  15  of  gestation,  suggesting  that 
the  inhibition  of  DNA  synthesis,  by 
inhibiting  zinc-dependent  thymidine 
kinase  activity,  as  the  mechanisms  of 
damage  in  the  fetus.  Dose  was  found  to 
be  critical;  1.1  mg/Cd/kg  was  not 
teratogenic  in  rats,  while  1.25  mg  Cd/kg 
caused  high  incidence  of  terata  and  1.35 
mg  Cd/kg  killed  all  fetuses  (Ex.  8-157). 

e.  Conclusions.  In  conclusion,  based 
on  the  studies  presented  above,  OSHA 
believes  that  there  is  strong  evidence 
that  acute  systemic  administration  of 
cadmium  leads  to  testicular  necrosis  in 
various  species.  Regressive  change  in 
seminiferous  epithelium,  morphological 
changes  in  spermatozoa  and  inhibition 
of  sperm  motility  after  acute  exposure 
are  well  substantiated.  OSHA  is  of  the 
opinion  that  acute  administration  of 
cadmium  leads  to  morphological 
changes  in  ovaries  and  ovarian 
hemorrhage  in  female  rats.  However 
effects  of  cadmium  on  the  reproductive 
organs  after  long-term  exposure  to  low 
levels  of  cadmium  are  usually  mild  or 
absent.  The  lack  of  toxic  effects  seems 


to  be  associated  with  protective  effects 
of  metallotheionein  that  binds  cadmium. 
Nevertheless,  OSHA  assumes  that 
adverse  effects  on  spermatogenesis 
occur  after  chronic  dosing  with  cadmium 
at  levels  as  low  as  0.0005  mg/kg. 
Significant  reduction  in  sperm  number 
and  motility  and  significant  increase  in 
desquamation  of  spermatogenic 
epithelium  have  been  shown  in  rats 
given  0.0005  mg  Cd/kg  orally  for  six 
months.  Chronic  administration  of 
cadmium  leads  to  an  increase  in  the 
thickness  of  the  basal  lamina  in  the 
blood  vessels  in  a  dose-related  manner 
in  the  uterus  of  female  rats.  Based  on 
Parizek  study,  OSHA  believes  that 
pregnant  rats  are  more  sensitive  to  the 
adverse  effect  of  cadmium  than  the 
nonpregnant  female  rats.  OSHA  also 
concludes  that  there  is  sufficient 
evidence  to  indicate  that  chronic 
administration  of  cadmium  can  prolong 
the  estrou8  cycle  in  rats.  OSHA  regards 
cadmium  to  be  teratogenic  and  fetotoxic 
during  early  pregnancy  as  well  as 
fetotoxic  when  administered  shortly 
before  delivery  in  rats. 

6.  Other  Effects 

Other  adverse  effects  have  been 
reported  in  experimental  animals 
chronically  exposed  to  cadmium.  There 
are  scattered  reports  of  chronic  effects 
on  the  gastrointestinal  tract,  peripheral 
nervous  system  and  endocrine  organs. 
More  commonly  documented  effects  in 
animals  include  anemia,  changes  in  liver 
morphology,  immunosuppression,  and 
hypertension.  For  example,  various 
experimental  inimals  fed  or  injected 
with  cadmium  have  commonly  exhibited 
anemia,  possibly  due  to  cadmium's 
influence  on  the  absorption  and 
distribution  of  such  metals  as  zinc  and 
iron  (Ex.  8-086-B,  p.  167).  Similarly,  rats 
chronically  exposed  to  cadmium  oxide 
dust  by  inhalation  developed  anemia 
(Ex.  4-29).  Animals  exposed  to  cadmium 
by  various  routes  of  administration  have 
shown  morphological  changes  in  the 
liver  as  well  as  disturbances  in  hepatic 
enzyme  concentrations  (Ex.  8-086-B,  p. 
161).  Chronic  oral  exposure  of  mice  to 
cadmium  through  drinking  water 
decreased  antibody  synthesis  (Ex.  8-24) 
and  induced  immunosuppression  (Ex.  8- 
35). 

There  is  conflicting  evidence  with 
respect  to  cadmium  induced 
hypertension.  Several  studies  have 
shown  an  increase  in  blood  pressure 
after  exposure  to  cadmium. 
Hypertension  has  been  induced  in  rats 
orally  exposed  from  3  to  24  months  to 
0.1  to  10  mg  cadmium/liter  drinking 
water  (Ex.  8-14).  In  this  study,  levels  as 
low  as  0.1  mg/1  for  3  months  increased 
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systolic  blood  pressure.  The  renal 
cortical  level  was  5  to  30  fig  cadmium/g 
wet  weight,  which  is  below  the  critical 
concentration  at  which  proteinuria  is 
commonly  detected.  There  are  also 
studies,  under  similar  experimental 
conditions,  which  have  shown  no 
hypertensive  effects  (Ex.  8-086b,  pp. 
170-173).  It  has  been  suggested  that 
dietary  differences  may  have  caused  the 
different  responses,  because  rats  on  rye- 
based  diets  exhibited  increased  blood 
pressure  whereas  rats  on  other  non-rye- 
based  diets  did  not. 

7.  Conclusions  about  Non-Carcinogenic 
Effects 

There  is  an  abundance  of  data  clearly 
indicating  that  exposures  to  cadmium  in 
the  industrial  environment  can  cause 
serious  toxic  effects  in  human  beings. 

Not  only  are  there  many  experimental 
studies  showing  the  acute  and  chronic 
effects  of  cadmium  exposure,  but  there 
is  also  a  great  amount  of  human 
evidence  among  cadmium-exposed 
workers  indicating  adverse  effects  from 
chronic  exposure  to  cadmium. 

In  humans,  one  of  the  earliest 
observable  adverse  effects  from  chronic 
exposure  to  cadmium  is  tubular 
proteinuria,  the  presence  of  an  excess 
amount  of  low-molecular  weight 
proteins  in  the  urine  (Exs.  12-07,  4-27,  4- 
28).  This  condition  indicates  impairment 
or  loss  of  kidney  function.  Because  of 
the  body’s  ability  to  accumulate  and 
store  cadmium  over  long  periods  of  time 
this  condition  may  develop  even  after  a 
reduction  in  or  cessation  of  external 
cadmium  exposure.  Upon  prolonged 
exposure  tubular  proteinuria  may 
progress  to  more  severe  forms  of  renal 
dysfunction  such  as  glycosuria, 
aminoaciduria,  phosphaturia,  and 
glomerular  proteinuria  or  chronic 
nephrotoxicity.  There  is  no  specific 
treatment  for  chronic  cadmium 
poisoning  or  for  restoring  kidney 
function.  Persons  with  cadmium  induced 
renal  disease  are  at  increased  risk  for 
developing  kidney  failure  if  additional 
renal  insults  occur  such  as  exposure  to 
other  nephrotoxins  including 
medications,  infections  of  the  renal- 
urinary  system,  obstruction  of  the 
urinary  system,  or  reduced  volume  of 
blood  flow  to  the  kidneys  due  to 
reduced  blood  volume  or  vascular 
disease.  In  cases  of  cadmium-induced 
kidney  damage,  rigid  control  of  diet, 
water  intake  and  electrolyte  balance  in 
addition  to  medical  treatment  is 
required.  Since  other  environmental 
sources  of  cadmium  such  as  water,  food, 
and  ambient  air  may  contribute  to  the 
total  body  burden,  it  is  necessary  to 
minimize  all  exposure  to  cadmium  to 


prevent  additional  adverse  health 
effects. 

As  noted  in  the  lead  standard  (43  FR 
52952),  diseases  resulting  from 
exposures  to  heavy  metals  proceed  in 
five  stages:  (1)  Normal,  (2)  physiological 
change  of  uncertain  significance,  (3) 
pathophysiological  change,  (4)  overt 
symptoms  (morbidity),  and  (5)  mortality. 
Within  this  process  there  are  no  sharp 
distinctions,  but  rather  there  is  a 
continuum  of  effects.  Categories  overlap 
due  to  the  variation  in  individual 
susceptibilities  and  exposures  in  the 
working  population.  Although  step  2  is 
of  uncertain  significance,  by  step  3 
(pathophysiologic  changes)  significant 
adverse  health  effects  have  occurred. 
Tubular  proteinuria  is  considered  by 
OSHA  to  represent  pathophysiologic 
changes  of  consequence,  and  such 
changes  represent  material  impairment, 
given  OSHA’s  current  understanding  of 
the  progressive  stages  of  cadmium 
effects. 

Other  adverse  health  effects  of 
concern  to  OSHA  include  reproductive 
effects,  liver  and  spleen  effects,  and, 
noncarcinogenic  lung  effects,  such  as 
bronchitis.  OSHA  is  of  the  opinion  that 
the  animal  and  human  data  are 
remarkably  consistent.  Human  studies 
show  high  acute  cadmium  toxicity  in  the 
form  of  renal,  liver,  and  pulmonary 
effects,  and  the  animal  studies  show 
similar  effects.  There  is  renal  damage 
and  lung  disease  (bronchitis)  in 
chronically  exposed  humans  and  in 
chronically  exposed  animals.  There  is 
also  good  correlation  between  ITAI- 
ITAI  disease  in  humans  and 
demineralization  of  the  bone  in  animals, 
and  liver  damage  is  seen  both  in  humans 
and  animals. 

C.  Mutagenicity 

A  wide  range  of  tests  have  been 
conducted  to  determine  the  mutagenic 
effects  of  cadmium.  The  mutagenicity  of 
cadmium  has  been  tested  in  bacteria, 
plants,  insects,  and  mammalian  cells, 
including  human  cells,  in  vitro  and  in 
vivo.  Comprehensive  reviews  of  these 
various  investigations  have  been 
provided  by  Friberg  (Ex.  8-086b,  p.  223), 
Degraeve  (Ex.  4-24),  and  EPA  (Ex.  4-04). 
Both  positive  and  negative  results  have 
been  reported  from  these  studies.  This 
has  lead  to  a  somewhat  confusing 
picture  as  to  the  mutagenicity  of 
cadmium.  The  following  section  will 
give  an  overview  of  the  more  pertinent 
studies  covered  in  the  above  reviews. 

Cadmium  has  been  shown  to  modify 
the  metabolism  of  both  RNA  and  DNA. 
Evidence  has  been  obtained  both  in 
vitro  and  in  vivo  in  microorganisms, 
plants,  and  mammalian  cells  showing 
enhancement  and  inhibition  of  RNA 


synthesis,  degradation  of  DNA  repair, 
inhibition  of  DNA  synthesis,  and 
inhibition  of  thymidine  incorporation 
into  DNA. 

Gene  mutation  studies  on 
microorganisms,  yeasts,  and  mammalian 
cells  have  given  mixed  results  on 
cadmium's  mutagenic  effects.  For 
example,  positive  and  negative 
mutagenic  responses  were  observed  in 
histidine  reverse  mutation  assays  using 
the  bacteria  Salmonella  typhimurium. 
Some  of  these  studies  were  considered 
inconclusive  because  several  protocols 
were  used  in  the  assays.  For  example, 
different  strains  of  S.  typhimurium  were 
tested  using  different  dose  regimens  (e.g. 
single  doses  and  doses  with  other 
chemicals).  Conflicting  and  inconclusive 
results  were  also  observed  in  gene 
mutation  studies  using  yeast.  For 
example,  in  a  test  for  the  induction  of 
petite  mutations,  p-mutants  were 
induced  at  the  high  and  low  doses  but 
not  at  the  middle  dose.  In  a  similar  yeast 
assay,  no  p-mutants  were  induced  at  all, 
however;  the  dose  was  so  toxic  that 
only  one  percent  of  the  yeast  cells 
survived.  Gene  mutation  assays  using 
mammalian  cell  cultures  of  mouse 
lymphoma  and  Chinese  hamster  cells 
have  shown  increased  mutation 
frequencies  with  cadmium  treatment. 

Conflicting  results  were  also  reported 
in  mutagenicity  tests  on  fruit  flies. 
Negative  results  were  observed  in  sex- 
linked  recessive  lethal  mutation  tests, 
but  positive  results  were  observed  in 
dominant  lethal  mutation  tests. 

However,  among  the  negative  results  it 
was  noted  that  in  one  case  too  few 
chromosomes  were  tested  while  in 
another  case  the  number  of 
chromosomes  tested  was  not  reported. 
Thus,  the  scope  of  the  tests  may  have 
been  too  small  to  detect  a  positive 
response. 

In  higher  order  plants,  the 
mutagenicity  tests  have  been  mostly 
positive.  Aberrations  such  as 
chromosomal  lesions  and  breaks  were 
induced  in  several  different  species  of 
plants. 

In  mammalian  cells,  in  vitro  studies 
on  human  lymphocytes,  have  shown 
increased  incidences  of  structural 
chromosomal  aberrations  after 
treatment  with  cadmium.  Among  the 
observed  aberrations  were  chromatid 
breaks,  symmetrical  and  asymmetrical 
translocations,  and  deletions.  In  vitro 
tests  on  other  mammalian  cells  in 
culture,  such  as  Chinese  hamster  cells, 
displayed  no  increase  in  structural 
chromosomal  aberrations  with  cadmium 
treatment  but  did  show  an  increase  in 
numerical  chromosomal  aberrations  (e.g. 
hyperploidy  and  diploidy). 
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Numerical  aberrations  were  also 
observed  in  vivo  in  the  oocytes  of  mice 
and  hamsters  treated  with  cadmium.  In 
these  studies  no  structural  chromosomal 
aberrations  were  noted.  Numerical 
aberrations  were  also  observed  in  the 
blastocytes  of  cadmium  treated  mice, 
indicating  that  aberrations  induced  in 
the  oocytes  may  be  transferred  to  the 
embryo.  Other  in  vivo  tests  on  mice 
have  shown  negative  responses.  For 
example,  in  micronucleus  assays,  the 
frequency  of  micronuclei  in 
experimental  groups  did  not  increase 
compared  to  control  groups.  Also,  in 
dominant  lethal  assays  no  increase  in 
mutants  was  observed  in  mice  injected 
with  cadmium  chloride  compared  to 
controls.  Heritable  translocation  assays 
revealed  no  observable  translocations  in 
the  spermatocytes  of  the  Fi  progeny  of 
mice  injected  with  cadmium  chloride. 

As  in  other  test  systems,  in  vivo 
studies  on  humans  have  produced 
conflicting  results.  For  example, 
lymphocytes  from  the  blood  samples  of 
some  patients  suffering  from  Itai-Itai 
disease  showed  a  high  rate  of 
chromosomal  aberrations  such  as 
chromatid  breaks  and  translocations; 
however,  a  similar  examination  of  other 
Itai-Itai  patients  showed  no  aberrations. 
Similarly,  positive  and  negative  results 
were  observed  in  vivo  among  cadmium 
exposed  workers  in  two  different 
smelter  plants.  It  was  noted  that  for  the 
positive  effects  these  workers  may  also 
have  been  exposed  to  other  metals  such 
as  lead  and  zinc  which  might  have 
induced  or  contributed  to  the  observed 
aberrations. 

Thus,  although  a  number  of  positive 
mutagenic  responses  have  been 
observed,  there  are  also  a  number  of 
conflicting  negative  responses.  It  is 
difficult  to  make  comparisons  or  to 
make  conclusions  about  these 
conflicting  results  since  the  studies 
investigated  different  endpoints,  and 
often  used  different  protocols.  Thus, 
until  more  conclusive  mutagenicity 
studies  are  conducted  and  reported, 
cadmium  may  be  considered  to  be  a 
potential  mutagenic  agent. 

D.  Carcinogenic  Health  Effects 

Cadmium  has  been  shown  to  induce 
cancers  in  laboratory  animals  and  is 


associated  with  lung  and  prostate 
cancer  in  man.  Cancer  is  the  second 
most  common  cause  of  death  in  the  U.S. 
today.  Lung  cancer  claims  the  largest 
share  of  cancer  deaths  among  males  and 
the  second  largest  share  of  cancer 
deaths  among  females.  The  National 
Center  for  Health  Statistics  reports  that 
in  1980,  the  lung  cancer  death  rate  was 
68.8  per  100,000  for  males  and  24.4  per 
100,000  for  females. 

Mortality  and  incidence  are  related  by 
the  case  fatality  rate,  the  proportion  of 
incident  cancer  cases  that  terminate  as 
cancer  deaths.  When  a  cancer  is  well 
defined  and  the  mortality  rate  is  similar 
to  incidence,  as  with  lung  cancer,  the 
case  fatality  rate  is  close  to  100  percent. 
Few  cases  of  lung  cancer  are  curable, 
despite  advances  in  medical  and 
surgical  oncology.  Survival  rates  for  lung 
cancer  patients  are  poor  with  about  10% 
surviving  five  years  or  more  after 
diagnosis  (Foe.  8-62).  OSHA  considers 
lung  cancer  to  represent  the  gravest 
material  impairment  of  health  because  it 
is  almost  certainly  fatal. 

For  prostate  cancer,  the  case  fatality 
rate  is  lower.  Prostate  cancer  does  not 
always  lead  to  death.  Males  may  have 
prostate  cancer  for  some  time  without 
any  clinical  manifestation  of  the 
disease.  Some  of  these  tumors  lack  the 
capacity  for  rapid  growth,  while  others 
invade  surrounding  tissue  and 
metastasize  to  distant  organs  and  cause 
death.  In  1980,  22,881  men  died  of 
prostate  cancer;  the  prostate  cancer 
death  rate  was  20.8  per  100,000  men. 
Early  diagnosis  and  treatment  have 
reduced  the  mortality  rates  associated 
with  prostate  cancer.  Nevertheless, 
because  workers  who  work  with 
cadmium  are  found  to  be  at  higher  risk 
(Ex.  8-683)  of  prostate  cancer,  OSHA 
has  evaluated  the  relevant 
epidemiological  studies  of  prostate 
cancer  among  cadmium  exposed 
workers.  Prostate  cancer  also  represents 
the  gravest  material  impairment  of 
health. 

1.  Evidence  in  Animals 

Cadmium  has  been  shown  to  be  a 
carcinogen  in  animals  when 
administered  by  inhalation.  The 
strongest  evidence  of  carcinogenicity 
comes  from  a  rat  bioassay  by  Takenaka 


et  al  (Ex.  4-67).  In  this  well  conducted 
study,  cadmium  was  found  to  induce 
lung  carcinomas  in  exposed  Wistar  rats. 
Incidence  in  the  exposed  groups  was 
statistically  significantly  elevated  over 
the  incidence  in  controls,  and  a 
statistically  significant  dose-response 
was  observed. 

Takenaka  exposed  three  groups  of 
male  rats  continuously  for  18  months  to 
cadmium  chloride  aerosols  with  nominal 
cadmium  concentrations  of  12.5, 25,  and 
50  pg/m3.  An  additional  group  of  41  rats 
served  as  controls.  The  animals  received 
water  ad  libitum  during  the  experiment 
but  were  fed  only  8  hours  per  day  to 
minimize  food  contamination.  The  rats 
were  observed  for  13  months  after  the 
last  exposure,  at  which  time  all 
surviving  rats  were  sacrificed.  There 
was  no  statistically  significant 
difference  in  mean  survival  times  among 
the  four  groups  of  rats,  although  the 
mean  survival  time  for  the  high  dose 
group  was  slightly  shorter  than  the  mean 
survival  time  for  the  other  groups. 

A  histopathological  examination  was 
given  to  all  rats  surviving  the  exposure 
phase  of  the  study  unless  their  bodies 
were  too  autolyzed  to  allow  such  an 
exam.  Cadmium  concentrations  were 
measured  in  the  lungs,  liver,  and 
kidneys  of  a  subgroup  of  each  exposure 
group.  Concentrations  in  the  lung  were 
nearly  as  high  as  in  the  liver.  In  all 
organs  concentrations  were  observed  to 
increase  with  dose  except  that  only  the 
low  dose  rats  were  found  to  have  a 
slightly  higher  concentration  in  the  lung 
than  was  found  in  the  middle  dose  rats. 

The  incidence  of  lung  carcinomas  was 
0/38  (0%)  in  the  controls,  6/39  (15.4%)  in 
the  low  dose  group,  20/38  (52.6%)  in  the 
middle  dose  group,  and  25/35  (71.4%)  in 
the  high  dose  group.  The  majority  of 
carcinomas  were  adenocarcinomas; 
however,  epidermoid  carcinomas, 
mucoepidermoid  carcinomas,  and 
combined  epidermoid  carcinomas  and 
adenocarcinomas  were  observed.  The 
incidence  of  each  of  these  tumors  is 
presented  in  Table  V-21. 


Table  V-21.— Incidence  of  Lung  Carcinomas  in  Male  Wistar  Rats  Exposed  to  Cadmium  Chloride  Aerosols  a 


Tumor  type  50  jig/m* 

Controls 

(percent) 

12.5  fig/ms 
(percent) 

25  pg/ms 
(percent) 

Adenocarcinoma  15/38  (39%) . 

14/35  (40) 

0/38  (0) 

4/39  (10) 

Epidermoid  7/35  (20%)  Carcinoma . „ . . . 

0/38  (0) 

2/39  (5) 

4/38  (11) 

3/35  (9) 

0/38  (0) 

0/39  (0) 

0/38  (0) 

0/39  (0) 

1/38  (3) 

Total  25/35  (71%)  Carcinomas . . . . . 

0/38  (0) 

6/39  (15) 

20/38  (53) 

From  Takenaka  etal.  (Ex.  4-67). 
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The  Takenaka  study  appears  to  have 
been  the  first  animal  study  to 
conclusively  document  a  lung  cancer 
response  from  inhaled  cadmium. 
Takenaka  noted  that  a  number  of  prior 
experimental  study  results  had  only 
raised  the  possibility  of  lung  cancer 
being  induced  by  cadmium  inhalation. 
Other  studies,  however,  have  shown  the 
induction  of  lung  cancer  and  other 
cancers  as  a  result  of  either  inhalation 
or  subcutaneous  injection  of  several 
different  cadmium  compounds.  The  Risk 
Assessment  Guidelines  published  by  the 
Office  of  Science  and  Technology 
(OSTP)  call  for  taking  account  of 
negative  as  well  as  positive  studies  in 
assessing  the  weight  of  evidence. 

Since  1980,  OSHA  has  not  published 
guidelines  nor  a  standard  concerning 
how  it  will  assign  weight  of  evidence  in 
the  qualitative  evaluation  of 
carcinogenicity  in  experimental  animals. 
Other  Agencies  have  published 
guidelines,  however,  including  OSTP 
and  EPA.  In  EPA’s  guidelines,  five 
conditions  are  identified  that,  if  present, 
may  lead  to  a  relatively  high  degree  of 
confidence  in  the  results  of  animal 
bioassays: 

(1)  Biologically  independent  tumors 
were  found  at  a  large  number  of  sites: 

(2)  Independent  experiments  have 
demonstrated  carcinogenic  responses  in 
both  genders  and  in  multiple  species  or 
strains  of  animals: 

(3)  There  is  a  clear-cut  and 
statistically  significant  dose-response 
relationship; 

(4)  There  is  a  dose-related  shortening 
of  time-to-tumor  occurrence;  and 

(5)  There  is  a  dose  related  increase  in 
the  proportion  of  tumors  that  are 
malignant 

Of  these  five  conditions,  four  appear  to 
exist  for  cadmium.  OSHA  requests 
comments  concerning  the  degree  of 
confidence  that  should  be  placed  on  the 


experimental  study  results  related  to 
cadmium  in  light  of  these  five  criteria. 

The  Takenaka  study  grew  out  of  a 
pilot  study  by  Heering  et  al  (Ex.  4-04).  In 
that  study,  10  rats  were  exposed  for  18 
months  to  cadmium  chloride  aerosols 
with  a  nominal  cadmium  concentration 
of  20  jig/m*.  The  animals  were 
sacrificed  when  exposure  ended  and 
four  adenomas  and  one  adenocarcinoma 
were  observed. 

Results  from  a  study  of  intratracheal 
instillations  of  cadmium  oxide  are  more 
equivocal.  In  a  study  of  male  Fisher-44 
rats,  Sanders  and  Mahaffey  found  no 
evidence  of  cadmium-induced  lung 
carcinomas,  but  they  did  observe  an 
increased  incidence  of  mammary 
fibroadenomas  (Ex.  4-61).  In  that  study, 
three  groups  of  rats  were  given 
intratracheal  instillations  of  25  fig 
cadmium  oxide.  Forty-eight  rats 
received  one  treatment  at  70  days  of 
age;  46  rats  received  two  treatments  at 
70  and  100  days  of  age  for  a  total  dose  of 
50  fig  cadmium  oxide;  and  50  rats 
received  three  treatments  at  70, 100,  and 
130  days  for  a  total  dose  of  75  jig 
cadmium  oxide.  Forty-six  rats  serving  as 
controls  received  one  intratracheal 
instillation  of  0.9%  sodium  chloride 
solution. 

The  observed  incidence  of  mammary 
fibroadenomas  was  3/45  (7%)  in  the 
controls,  7/44  (16%)  in  the  low  dose 
group,  5/41  (12%)  in  the  middle  dose 
group,  and  11/48  (23%)  in  the  high  dose 
group.  Using  the  Fisher  Exact  Test,  only 
the  high  dose  group  had  a  statistically 
significantly  elevated  incidence  over 
incidence  in  the  controls  fp  =  . 027).  Two 
(5%)  adenocarcinomas  of  the  lung  were 
observed  in  the  middle  dose  group.  The 
average  number  of  tumors  per  tumor 
bearing  rat  were  1.4. 1.5, 1,6,  and  1.8  for 
the  control,  low  dose,  middle  dose,  and 
high  dose  groups  respectively.  The 
authors  reported  that  this  difference  was 
significant  (p  =  .044)  in  a  chi-square  test 


for  independence  between  number  of 
tumors  and  treatment  groups.  Slightly 
more  rats  in  the  control  group  were 
found  to  have  no  tumors  (16%)  than 
treated  Tats  (5  to  7%). 

Additional  evidence  of  the 
carcinogenicity  of  inhaled  cadmium  is 
provided  by  the  results  from  a  long  term 
bioassay  by  CMdiges  et  al  (Exs.  12-lOi, 
12-lOh,  and  12-35).  In  this  study,  groups 
of  20  male  and  female  Wistar  rats  were 
exposed  to  cadmium  chloride 
concentrations  at  30  pg/m8  or  90  fig/m3, 
cadmium  oxide  dust  at  concentrations  of 
30  p g/m8  or  90  pg/m3,  cadmium  oxide 
fumes  at  concentrations  of  10  p g/m*  or 
30  pg/m8,  cadmium  sulfate  at  a 
concentration  of  90  pg/m8,  cadmium 
sulfide  at  concentrations  of  90  pg/m8, 

270  pg/m8, 810  pg/m8,  or  2430  pg/m8.  or 
a  combination  of  cadmium  oxide  and 
zinc  oxide  dust  at  concentrations  of  30 
and  300  pg/m8  respectively  ot  90  and 
000  pg/m8  respectively.  Twenty  male 
rats  and  20  female  rats  served  as 
controls. 

Most  groups  of  animals  were  exposed 
for  22  hours  per  day  for  7  days  per  week. 
For  each  of  these  groups,  exposure 
continued  for  18  months  or  until  25%  of 
that  group  had  died.  Other  groups  of 
animals  were  exposed  to  their  cadmium 
compound  for  40  hours  per  week  for  6 
months.  ThiB  shorter  exposure  protocol 
was  chosen  to  determine  whether  a  brief 
exposure  period  would  induce  primary 
lung  tumors.  Animal  groups  were 
followed  through  month  31  of  the  study 
or  until  75%  of  a  group  had  died.  At 
many  of  the  exposure  concentrations, 
doses  proved  to  be  too  toxic  and  many 
animals  did  not  survive  the  31  months  of 
study. 

Preliminary  results  from  this  study  are 
presented  in  Table  V-22.  The  primary 
tumors  observed  in  these  rats  were 
bronchio-alveolar  adenomas, 
adenocarcinomas,  and  squamous  cell 
tumors. 


Table  V-22.— Incidence  of  Primary  Lung  Tumors  in  Male  and  Female  Wistar  Rats  Exposed  to  Four  Cadmium 

Compounds 


Exposure' 

Dose  (fig/ 

Sex  | 

Months  of 
exposure* 

Months  of 
study* 

Lung 

tumor 

incidence 

Controls . 

M 

31  1 

0720 

F 

31 

0/20 

Cadmium  «  i 

30 

M 

18 

30  i 

15/20 

Chlonde . . . 

30 

F 

IB 

31 

13/18 

Cadmium . . . 

90  ' 

M 

6 

30 

11/20 

Chloride . 

90 

F 

6 

29 

3/18 

Cadmium . 

go 

M 

14 

31 

11/20 

Sulfate . 

90 

F 

18 

29 

18/20 

Cadmium . 

90 

M 

18 

30 

17/20 

Sulfide — . 

90 

f 

18 

31 

15/20 

Cadmium . 

270 

M 

16 

30 

H/19 
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Table  V-22.— Incidence  of  Primary  Lung  Tumors  in  Male  and  Female  Wistar  Rats  Exposed  to  Four  Cadmium 

Compounds— Continued 


Exposure' 

Dosej^g/ 

Sex 

Months  ol 
exposure  • 

Months  of 
study* 

Lung 

tumor 

incidence 

Sulfide .  ..  . 

270 

F 

1ft 

30 

16/19 

Cadmium . . 

810 

M 

Mtei 

30 

11/20 

810 

F 

29 

13/20 

.  5  -WY  ■  >  Vr**",  U  .  -  -V'-'V  .cY-y 

2430 

M 

30 

7/16 

Sulfide . 

2430 

F 

3 

31 

8/19 

Cadmium . . . .  . 

*270 

M 

6 

27 

3/20 

*270 

F 

6 

29 

3/20 

30 

M 

18 

31 

15/20 

Oxide  Dust . . . 

30 

F 

18 

31 

15/20 

Cadmium . . . 

90 

M 

7 

31 

9/17 

Oxide  Dust . . . . 

eo 

F 

11 

31 

11/16 

Cadmium . . . 

*90 

M 

6 

31 

4/20 

Oxide  Dust . . 

*90 

F 

6 

31 

3/20 

Cadmium . . . . . . 

'30 

M 

18 

29 

13/18 

Oxide  Dust . . . . 

*30 

F 

18 

29 

12/20 

Cadmium . . . . 

10 

M 

18 

31 

0/19 

Oxide  Fume . . _ . 

10 

F 

18 

31 

0/19 

Cadmium . . . . . . „ . . . 

30 

M 

18 

31 

3/19 

Oxide  Fume  ...- . . . _ . 

30 

F 

18 

31 

4/17 

» 30/300 

M 

18 

31 

0/20 

F 

18 

31 

0/20 

Cadmium  Oxide  and  Zinc  Oxide  Dust . . 

’90/900 

M 

18 

31 

8/20 

F 

18 

31 

7/20 

*  Study  protocol  called  tor  6  or  18  months  of  exposure,  but  exposure  was  terminated  when  25%  of  an  animal  group  died. 

6  Months  of  study  includes  months  of  exposure.  All  animals  in  a  group  were  sacrificed  when  mortality  In  that  group  exceeded  75%. 

*  Incidence  is  number  of  animals  with  at  least  one  primary  tumor  divided  by  the  number  of  animals  at  risk.  Primary  lung  tumors  are  bronchio-etveolar  adenomas, 
adenocarcinomas,  and  squamous  cell  tumors. 

d  Exposure  was  for  40  hours  per  week 

*  Rats  were  fed  a  zinc-reduced  diet. 

'  Dose  was  30  fig/m3  of  cadmium  and  300  ^g/ms  of  zinc  or  90  ^g/ms  of  cadmium  and  SCO  pg/m*  of  zinc. 


The  extremely  high  mortality  rates 
seem  to  make  this  study  unsuitable  for 
quantitatively  assessing  the  risk 
associated  with  each  of  the  cadmium 
compounds  studied  or  for  assessing  their 
relative  carcinogenic  potency.  The  study 
results  indicate,  however,  that  while 
zinc  oxide  dust  may  mitigate  the 
carcinogenic  potential  of  lower  doses  of 
cadmium  oxide,  each  of  the  cadmium 
compounds  alone  is  carcinogenic  in 
animals  exposed  to  these  levels  through 
inhalation. 

In  an  inhalation  study  by  Heinrich 
(Ex.  12-42),  male  and  female  Syrian 
golden  hamsters  and  female  mice  were 
exposed  to  cadmium  chloride,  cadmium 
sulphate,  cadmium  oxide,  or  cadmium 
sulfide  using  exposure  concentrations 
between  10  and  270  pg/m3  for  19  hours 
per  day,  five  days  per  week,  for  50-70 
weeks.  An  abstract  of  the  study  has 
reported  that  no  cadmium-related 
significant  increase  in  lung  tumor  rate 
was  observed  in  either  species. 
However,  complete  experimental  data 
were  not  included. 

There  have  been  numerous  studies 
involving  the  subcutaneous  or 
intramuscular  injection  of  cadmium  into 
both  rats  and  mice.  The  U.S. 
Environmental  Protection  Agency’s 
"Updated  Mutagenicity  and 
Carcinogenicity  Assessment  of 
Cadmium"  presents  a  summary  of  many 
of  these  studies  (Ex.  4-4,  p.  62-64). 


A  short  summary  of  several  of  these 
studies  is  provided  in  the  following 
section.  Several  studies  have  failed  to 
demonstrate  a  carcinogenic  effect  from 
cadmium.  In  a  series  of  studies,  rats  and 
mice  were  given  5  ppm  cadmium  acetate 
or  oxalate  in  drinking  water  throughout 
their  lives  (Exs.  8-308;  8-121;  8-196). 
Compared  to  controls,  there  were  no 
significant  differences  in  the  incidence 
of  tumors  in  animals  treated  with 
cadmium,  although  mortality  was 
increased  in  rats  and  male  mice.  In  a 
study  of  prostatic  changes  due  to 
cadmium,  Levy  et  al.  (Ex.  8-194)  treated 
rats  by  subcutaneous  injection  of 
cadmium  sulphate  into  the  flank  once 
weekly  for  two  years  in  doses  of  0.2,  0.1, 
and  0.05  mg.  A  low  incidence  of 
sarcomata  at  the  injection  site  was  seen 
in  the  treated  groups.  Levy  stated  that 
this  finding  was  not  unexpected,  having 
been  previously  reported  by  Haddow  et 
al.  in  1964,  Kazantzis,  in  1963,  and 
Health  et  al.,  in  1962  (Ex.  8-117).  No 
neoplastic  changes  were  seen  in  the 
prostate  gland,  and  there  was  no 
treatment-related  increase  in  the 
incidence  of  neoplasms  at  other  sites. 

In  two  further  studies  of  the  effect  of 
cadmium  on  the  prostate  gland  by  Levy 
et  al.  (Ex.  8-034;  8-117),  mice  and  rats 
were  treated  with  cadmium  sulphate  by 
gastric  instillation.  Dosing  regimens 
were  0.35,  0.18,  and  0.087  mg/kg  body 
weight  once  weekly  for  two  years  for 


rats,  and  1.75,  0.88,  and  0.44  mg/kg  body 
weight  once  weekly  for  18  months  for 
mice.  Concurrent  dosing  regimens  of 
mice  and  rat  controls  were  run  using 
gastric  instillation  of  equivalent 
amounts  of  distilled  water.  In  both 
studies,  no  neoplastic  lesions  of  the 
prostate  or  urinary  tract  were  seen. 
Tumors  seen  in  other  organs  could  not 
be  related  to  cadmium  treatment. 

Loser  (Ex.  8-643)  treated  rats  with 
cadmium  chloride  in  the  diet  for  two 
years  at  doses  of  1,  3, 10,  and  50  ppm. 
Fifty  male  and  fifty  female  rats  were 
used  for  each  level;  100  rats  of  each  sex 
served  as  concurrent  controls.  Cadmium 
treatment  was  not  associated  with  an 
increased  incidence  of  total  numbers  of 
tumors  or  any  specific  type  of  neoplasia. 

Other  studies  (Exs.  4-55;  4-57;  6-253) 
show  that  the  injection  of  cadmium 
metal  or  certain  salts  of  cadmium 
produce  sarcomas  at  the  site  of  injection 
as  well  as  interstitial  and  Leydig  cell 
tumors  of  the  testes  in  experimental 
animals.  The  simultaneous 
administration  of  zinc  and  cadmium  has 
been  found  to  reduce  the  incidence  of 
cadmium-induced  testicular  tumors  (Ex. 
8-253).  For  a  discussion  of  these  studies, 
please  see  Elinder  (Ex.  8-086B  p.  206). 

OSHA  has  not  relied  upon  the 
injection  and  peroral  studies  for 
assessing  carcinogenic  risk,  nor  upon 
the  preliminary  data  on  inhalation.  The 
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reasons  for  this  are  set  forth  below  in 
the  Significance  of  Risk  section  of  the 
preamble. 

OSHA  relied,  in  part,  upon  the  review 
by  the  International  Agency  for 
Research  on  Cancer  [(LARC)  Ex.  8-656] 
using  IARC’s  criteria  for  categorizing 
animal  data.  IARC  states  that  CdCk, 

CdO,  CdSO«,  and  CdS  produced  local 
sarcomas  in  rats  following  injection. 
CdCU  and  CdSCL  produced  testicular 
tumors  in  mice  and  rats  after 
subcutaneous  administration.  IARC 
concluded  that  the  animal  data  are 
“sufficient”,  that  is,  a  causal  relationship 
has  been  established  between 
exposures  to  cadmium  and  an  increased 
incidence  of  malignant  neoplasms  or  a 
combination  of  benign  and  malignant 
neoplasms  in  two  or  more  species  or  in 
two  or  more  independent  studies  in  one 
species.  IARC  classifies  cadmium  as  a 
probable  human  carcinogen  because  it 
is  biologically  plausible  and  prudent  to 
regard  agents  for  which  there  is 
“sufficient”  animal  evidence  of 
carcinogenicity  as  if  they  presented  a 
carcinogenic  risk  to  humans.  OSHA 
received  several  comments  on  the  study 
by  Takenaka  et  al.,  and  on  the  study  by 
Oldiges  et  al.,  which  have  been 
addressed  in  the  section  on  quantitative 
risk  assessment.  However,  OSHA 
received  substantia!  comments  on  the 
issue  of  photodecomposition  in  the 
study  by  Oldiges  et  al.,  which  was 
subsequently  re-published  by  Glaser  et 
al.  with  essentially  the  same  data,  based 
upon  the  same  experiments.  These 
comments  are  addressed  below. 

2.  The  Carcinogenicity  of  Cadmium 
Pigments 

DCMA  has  submitted  comments  that 
there  is  no  evidence  that  cadmium 
pigments,  per  se,  are  carcinogenic  and 
that  even  if  they  were  to  be  considered 
carcinogenic,  they  are  less  potent  as 
carcinogens.  These  arguments  are  based 
upon  the  opinion  that  the 
carcinogenicity  of  cadmium  sulfide 
(CdS)  pigment  as  administered  in  the 
chronic  rat  inhalation  study  by  Oldiges 
et  aL  was  the  result  of  CdS  undergoing 
photodecomposition  to  cadmium  sulfate 
(CdS04),  the  latter  compound  being 
responsible  for  the  cancers  observed  in 
the  experimental  animals.  Secondly, 
DCMA  argued  that  even  if  cadmium 
pigments  were  determined  to  be 
carcinogenic,  they  are  less  potent  as 
carcinogens  than  the  more  soluble  forms 
of  cadmium  such  as  CdCU  and  CdS04 
because  they  are  less  soluble  and  hence 
less  bioavaiiable  in  human  tissue. 
DCMA  points  out  that  there  are 
applications  where  cadmium  pigments 
are  the  only  source  of  exposure  to 
cadmium  and  that  in  these  situations 


cadmium  pigments  should  be  given  a 
different  permissible  exposure  limit  from 
other  cadmium  compounds  (Ex.  144-20). 

DCMA  requested  that  OSHA  reopen 
the  record  in  the  cadmium  rulemaking 
on  the  issue  of  the  toxicity  and 
carcinogenicity  of  cadmium  pigments  in 
order  to  give  the  DCMA  the  opportunity 
to  cross  examine  OSHA’s  witnesses  on 
this  issue  (Ex.  144-20).  OSHA  reopened 
the  record  to  receive  the  results  of  new 
studies  and  comments  on  these  studies 
and  to  allow  interested  parties  to 
comment  on  opinions  of  Dr.  Oberdorster 
and  Dr.  Heinrich,  who  were  requested 
by  OSHA  to  address  the  issue  of 
cadmium  pigment  carcinogenicity. 

[Dr.  Oberdorster  is  currently  Professor 
of  Toxicology  at  the  University  of 
Rochester  and  formerly  of  the 
Fraunhofer  Institute  of  Toxicology  and 
Aerosol  Research  in  Germany,  where 
the  carcinogenicity  studies  of  cadmium 
compounds  and  some  of  the  CdS 
photodecomposition  studies  were 
conducted.  Dr.  Heinrich  is  a  toxicologist 
with  the  Fraunhofer  Institute  of 
Toxicology  and  Aerosol  Research  in 
Hannover,  Germany.]  OSHA  denied  a 
request  to  commence  a  new  set  of 
hearings  on  the  issue  of  cadmium 
pigment  carcinogenicity.  OSHA  has 
considered  all  comments  received 
during  the  period  the  record  was 
reopened.  OSHA  has  also  considered  all 
comments  that  were  received  prior  to 
the  reopening  of  the  record. 

For  background  information,  a 
substance  is  defined  as  a  cadmium 
pigment,  if  (1)  the  contained  cadmium  is 
chemically  bound  to  either  sulfur  (CdS) 
or  selenium  (CdSSe)  (Sic),  and  (2)  it  is 
used  as  a  colorant,  and  (3)  it  contains 
less  than  0.1  percent  acid  extractable 
cadmium,  as  determined  by  the  EN-71 
extraction  method  (DCMA  Ex.  120). 
“Solubility”  is  the  process  by  whidi  one 
substance  is  dissolved  in  another.  Some 
cadmium  compounds,  like  cadmium 
oxide  (CdO)  and  cadmium  sulfide  (CdS), 
are  almost  insoluble  in  water,  whereas 
cadmium  chloride  (CdCb)  is  highly 
soluble  in  water.  CdO.  on  the  other 
hand,  while  insoluble  in  water  is  highly 
soluble  in  the  lung  (Ex.  142).  In  addition 
to  the  medium  in  which  a-substance  can 
be  dissolved,  solubility  also  depends 
upon  the  form  of  the  material  that  is 
being  dissolved.  For  example,  finely 
divided  particles  because  of  their  larger 
surface  area/mass  ratio  are  more 
soluble  than  larger  particles  (Ex.  152). 
More  soluble  compounds  may  be  more 
bioavaiiable  and  thus  more  toxic  than 
less  soluble  compounds,  but  bioactivity 
may  also  be  related  to  mechanical  and 
surface  properties  (e.g.,  fibers,  SiOs). 
“Bioavailability"  of  cadmium 


compounds  refers  to  the  degree  to  which 
cadmium  becomes  available  to  the 
target  tissues  after  exposure. 

As  presented  in  OSHA’s  proposal, 
data  from  the  Takenaka  et  al.  and 
Oldiges  et  al.  studies  suggested  that  all 
of  the  cadmium  compounds 
administered  by  inhalation 
demonstrated  a  similar  qualitative  and 
quantitative  carcinogenic  response. 
However,  during  the  OSHA  hearing,  the 
issue  was  raised  that  the  cancer 
response  resulting  from  inhalation 
exposure  of  CdS  to  Wistar  rats  in  the 
Oldiges  et  al.  (1989)  study  may  have 
been  the  result  of  photodecomposition 
of  the  CdS  to  cadmium  sulfate,  the  latter 
compound  causing  the  lung  cancer  (Ex. 
8-694-D).  [Note:  Virtually  the  same 
study  was  published  in  1989  by  Oldiges 
et  al.  (Ex.  8-694)  and  in  1990  by  Glaser 
et  al.  (Ex.  8-694-B).  In  this  section  of  the 
preamble,  the  chronic  rat  inhalation 
study  for  carcinogenicity  of  four 
cadmium  compounds  will  be  referred  to 
as  the  Oldiges  et  al.  study  (Ex.  8-694- 
D).] 

Based  upon  preliminary  results  in  his 
laboratory,  Mr.  Leonard  Ulicny  of  SCM 
Chemicals  suggested  that  die  particles 
of  CdS  pigment  in  the  aqueous 
suspension  used  in  the  Oldiges  et  al. 
study  may  have  been  solubilized  under 
the  influence  of  light 
(photodecomposition).  Thus,  OSHA 
reopened  the  docket  to  receive  c 

comments  on  the  issue  of  the 
photodecomposition  of  CdS  in  the 
Oldiges  et  al.  study  and  the  role  it  may 
have  played  in  the  carcinogenic 
response  observed  in  the  study.  If 
complete  solubilization  only  of  cadmium 
pigments  and  formation  of  ionic  Cd-l-  + 
is  responsible  for  the  carcinogenicity  of 
these  compounds,  the  results  of  the 
Oldiges  et  al.  study  for  CdS  need  to  be 
reconsidered  in  terms  of  the 
carcinogenic  response  observed  in  the 
animals.  If,  on  the  other  hand,  an 
intrinsic  toxic  particulate  effect 
contributes  also  to  the  carcinogenic 
effect  of  cadmium  pigments  such  as 
CdS,  then  in  vivo  solubility  may  not  be  a 
good  indicator  of  the  carcinogenic 
potency. 

Data  from  several  studies  related  to 
insolubility,  stability  and  ionization  of 
CdS  were  submitted  into  the  record.  The 
data  indicate  that  under  proper 
conditions  of  light  and  aqueous 
suspension  of  CdS,  CdS  decomposes 
and  forms  cadmium  sulfate  (CdS04), 
and  the  percent  of  CdS  ionized  under 
such  conditions  depends  upon  the 
concentration  of  CdS  in  the  aqueous 
suspension  and  the  intensity  of  light 
present. 
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Mr.  Ulicny  first  raised  the  issue  that 
CdS  particles  in  suspension  may  be 
solubilized  under  the  influence  of  light 
(photo-decomposition)  based  on 
preliminary  results  in  his  laboratory.  He 
performed  a  solubility  study  of  CdS  in 
aqueous  suspension  under  lighting 
conditions  of  1000  lux  for  about  a  week. 
Gagliardi  and  Ulicny  (1990)  presented 
detailed  results  of  their  in  vitro 
experiments  (Ex.  144-1)  and  questioned 
the  validity  of  the  carcinogenic  response 
observed  in  rats  exposed  to  CdS  in  the 
study  by  Oldiges  et  al.  since  a 
significant  fraction  of  CdS  could  have 
been  solubilized  to  soluble  CdS04.  They 
referred  to  photodecomposition  or 
photo-oxidation  of  CdS  as  having 
occurred  under  similar  conditions  in  the 
Oldiges  et  al.  study.  However,  no 
evidence  was  provided  at  the  time  of 
cadmium  hearings  that  such 
photodecomposition  could  occur  under 
the  relatively  low  lighting  conditions 
that  were  present  during  the  Oldiges  et 
al.  inhalation  study  (approximately  50 
Lux  for  12  hours/day  only). 

Photodecomposition  of  CdS  was 
further  studied  by  Glaser  et  al.  in  1991 
(Ex.  L-l 40-14).  They  replicated  the 
aerosol  generation  procedure  employed 
in  the  long-term  rat  inhalation  study  by 
Oldiges  et  al.  (1989),  the  only  exception 
being  that  the  type  of  CdS  used  by 
Glaser  et  al.  was  slightly  different  from 
that  used  in  the  Oldiges  et  al.  cancer 
study  (Ex.  8-694-D).  The  rat  inhalation 
study  had  been  performed  with  CdS 
type  E  which  consisted  of  77.1%  Cd, 
22.0%,  S,  0.024%  and  0.64%  BaS04, 
whereas  in  the  solubility  study  CdS  type 
El  was  used,  consisting  of  76.5%  Cd, 
22.2%  S,  0.14%  Zn,  and  0.8%  BaS04. 
Solubility  according  to  DIN53770  was 
slightly  different,  being  0.07%  for  type  E 
and  0.04%  for  type  El,  and  also  the 
specific  surface  area  was  11.8  m2/g  for 
type  E  and  8.7  m2/g  for  type  El.  Type  E 
and  El  had  been  manufactured  by  the 
same  process  and  the  same  producer, 
Bayer  AG,  F.R.  Germany,  yet  they  were 
taken  from  different  batches.  Dr. 
Oberdorster  stated  that  the  very  small 
physicochemical  differences  between 
the  two  types  should  be  irrelevant  as  far 
as  biological  effects  are  concerned  (Ex. 
141). 

In  the  solubility  study  by  Glaser  et  al., 
the  CdS  aerosol  was  generated  from  two 
different  concentrations  of  the 
suspension,  i.e.,  0.38  mg/ml  Cd  and  1.25 
mg/ml.  These  concentrations  of  CdS 
suspension  were  used  to  generate 
aerosol  concentrations  of  90  and  270  pg 
per  m3  in  the  long-term  rat  inhalation 
study.  The  aerosols  were  generated  by 
nozzle  atomizers  with  attached  cyclones 
to  eliminate  larger  sized  particles.  The 


volume  that  was  used  daily  to  generate 
the  aerosol  was  added  each  day  and 
amounted  to  about  300  ml  per  day.  This 
was  adjusted  with  respect  to  total 
cadmium  to  maintain  constancy  of  the 
overall  cadmium  concentration.  The 
light  intensity  inside  the  CdS  suspension 
reservoir  was  measured  to  be  about  50 
Lux  and  the  aerosol  was  generated  into 
the  inhalation  chambers  after  being 
electrically  discharged  by  an  MKr  source 
before  entering  the  chambers  in  order  to 
simulate  as  closely  as  possible  the 
conditions  of  the  long-term  cancer  study. 
The  solubility  experiment  lasted  for  64 
days;  samples  of  the  suspension  were 
taken  on  days  2,  4,  8, 16,  32  and  64  for 
measurement  of  Cd**  ions  by 
voltametry  and  S04~"  by  ion 
chromatography.  Aerosol  samples  were 
collected  on  filters  taken  from  the 
inhalation  chambers  on  day  15  and  30 
and  were  analyzed  separately  for  Cd++ 
and  total  cadmium.  CdS  particles  were 
separated  from  Cd**  ions  by 
centrifugation  (1400  g  for  30  min)  and 
subsequent  three  fold  filtration  of  the 
supernatant. 

The  results  showed  that  under  these 
lighting  conditions  (50  Lux)  a  significant 
solubilization  rate  of  CdS  particles  in 
the  aqueous  suspension  occurred. 

During  the  64-day  study  period,  0.24  mg 
Cd**  per  ml  was  found  in  the  lower 
concentration  of  the  suspension  (0.38 
mg/ml),  equivalent  to  63%  being 
solubilized.  In  contrast,  CdS  suspension 
in  the  higher  concentration  (1.25  mg  Cd 
per  ml)  showed  a  solubilization  of  only 
11%  of  total  Cd.  There  was  a  steady 
increase  of  soluble  Cd  throughout  this 
period  which  had  not  quite  reached 
equilibrium  at  the  end  of  the  study 
period  of  64  days.  Concurrently  with  the 
increase  of  Cd**,  an  increase  in 
sulphate  could  be  measured  which 
appeared  to  reach  an  equilibrium  for  the 
lower  concentration  (0.38  mg/ml)  after 
about  40  days  in  the  study. 

Examination  of  the  filter  samples  from 
the  collected  aerosols  showed  similarly 
that  the  lower  Cd  concentration 
(generated  from  0.38  mg  Cd/ml 
suspension)  had  a  higher  percentage  of 
soluble  Cd  content  (50.6%  of  total 
cadmium)  compared  to  the  higher 
concentration  (generated  from  1.25  mg 
Cd/ml  suspension)  which  showed  only  a 
soluble  Cd  fraction  of  about  15%  (Ex.  L- 
140-14).  According  to  Dr.  Oberdorster, 
the  aerosols  are  more  relevant  to  actual 
exposure  than  CdS  concentrations  in  the 
suspension  because  it  is  the  aerosol  to 
which  the  test  animals  are  actually 
exposed  (Ex.  141).  These  results  indicate 
that  the  low  lighting  conditions  present 
during  the  chronic  rat  inhalation  study 
could  have  resulted  in  about  50%  of  the 


lower  concentration  of  90  pg  CdS/m3 
and  about  15%  of  the  higher 
concentration  of  270  fig  CdS/m3  being 
converted  into  a  soluble  form  of 
cadmium.  (Ex.  L-l  40-14). 

Konig  et  al.  also  evaluated  the 
potential  for  photodecomposition  of 
pigment  CdS  using  the  same  aerosol 
generating  equipment  and  protocol  as 
was  employed  in  the  long  term 
carcinogenicity  study  by  Oldiges  et  al. 
(Exs.  L-140-3  and  L-140-27-B).  The  CdS 
aerosol  concentration  was  kept  at 
approximately  90  pg/m3.  In  about  four 
weeks  after  starting  the  experiment,  the 
concentration  of  cadmium ^ons  in  the 
suspension  and  in  the  aerosol  reached  a 
plateau  at  43.5%  and  35.8%,  respectively. 

These  results  indicate  a  slightly  lower 
percentage  of  photodecomposition  as 
compared  to  the  Glaser 
photodecomposition  study  (L-140-14). 

Konig  et  al.  (Ex.  (L-140-27-B)  have 
also  shown  that  CdS  suspended  in 
physiological  saline  (0.9%)  solution  at 
concentrations  of  3.33  and  0.83  g  Cd/1  as 
applied  in  the  intratracheal  instillation 
studies  with  rats  by  Pott  et  al.  (1987)  led 
to  solubilization  of  CdS  (Ex.  8-757).  The 
solubilized  fraction  of  Cd  within  24 
hours  was  about  3%  for  the  lower  Cd 
concentration  (0.83  mg  Cd/ml)  and 
about  1%  for  the  higher  Cd 
concentration  (3.33  mg  Cd/ml).  The 
samples  had  been  illuminated  with  800 
Lux  from  fluorescent  lamps  for  24  hours 
to  approximate  the  conditions  in  the 
study  by  Pott  et  al.  (1987).  The  lowest 
concentration  of  CdS  suspension  of  0.16 
mg  Cd/ml  in  these  same  experiments 
with  saline  gave  the  highest 
solubilization  of  about  13%  within  24 
hours. 

As  a  result  of  the  above  findings, 
several  questions  related  to  the 
carcinogenicity  of  CdS  are  raised:  Can 
the  photodecomposition  of  CdS  to 
CdS04  be  solely  responsible  for  the 
carcinogenic  effect  in  rats  observed  in 
the  Oldiges  et  al.  study?  Is  inhaled  CdS 
a  pulmonary  carcinogen?  And,  if  so,  how 
does  its  carcinogenic  potency  compare 
to  that  of  other  Cd  compounds? 

Ulicny  and  Gagliardi  (Ex.  141-1) 
concluded  that  the  Glaser  et  al. 
photodecomposition  study  demonstrated 
that  inadvertent  co-exposure  to  ionic 
cadmium  (CdS04)  was  sufficient  to 
explain  the  carcinogenic  response  in  the 
Oldiges  et  al.  study  and  that  the  latter 
study  could  not  be  used  to  define  a 
carcinogenic  potency  for  cadmium 
pigment. 

On  the  basis  of  their  study  results, 
Konig  et  al.  were  of  the  opinion  that  the 
observed  lung  tumor  response  in  the 
Oldiges  et  al.  study: 
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cannot  be  attributed  solely  to  the  effect  of 
CdS  *  *  *  The  real  contribution  of  the  CdS 
particles  to  the  observed  lung  tumor  rate  after 
inhalation  of  a  mixture  of  CdSO«  and  CdS 
depends  exclusively  on  the  bioavailability  or 
solubility  of  CdS  particles  retained  in  the 
lungs  (Ex.  L-140-27-B). 

Konig  et  al.  then  cited  studies  by 
Klimisch  et  al.,  whereby  they  used  a  dry 
dispersion  technique  to  exposed  rats  to 
CdS  aerosols.  This  technique  of 
preparation  and  administration  of  CdS 
make  it  unlikely  that 
photodecomposition  will  occur  because 
moisture  and  light  are  not  present 
together.  The  study  showed  that  Cd  was 
retained  in  tha  lungs  and  was 
bioavailable  since  it  was  found  in  the 
kidneys. 

Konig  et  al.  also  cited  inhalation 
studies  with  rats  and  monkeys  that 
measured  pulmonary  retention 
(Oberdorster  and  Cox,  1989)  and 
concluded  that  the  study  “clearly 
showed"  the  bioavailability  of  CdS 
retained  in  the  lungs.  CdS  in  these  latter 
experiments  was  suspended  in  ethanol 
and  the  exposure  to  the  aerosol  lasted 
for  only  10  minutes.  Since  CdS  in 
ethanol  is  much  more  stable  than  in 
water,  Konig  et  al.  assumed  that  almost 
no  CdSO«  was  inhaled  by  the  animals  in 
the  study  and  concluded: 

*  *  *  because  of  the  high  carcinogenic 
potency  of  Cd++  ions  in  the  lungs  also  very 
small  amounts  of  dissolved  CdS  could  lead  to 
a  tumor  response  *  *  *  and  therefore 
inhalable  CdS  has  to  be  regarded  as  a 
probable  human  carcinogen.  (L-140-27-B) 

*  *  *  because  of  the  low  solubility  of  CdS  in 
the  lungs  and  the  relatively  long  biological 
half-time  of  inhaled  particles  in  the  human 
lung  compared  to  the  rat  lung  the 
carcinogenic  risk  of  CdS  dust  for  humans 
could  be  higher  than  expected  on  the  basis  of 
the  rat  data.  (Ex.  L-140-27-B) 

The  study  by  Ulicny  and  Gagliardi 
shows  low  in  vitro  solubility  of  CdS 
pigment  following  30  days  of  suspension 
in  a  solution  with  a  ph  of  4.0 — a  ph 
similar  to  that  in  alveolar  macrophages 
of  the  lung  (Ex.  144-1).  The  study  by 
Klimisch  and  Gembardt  evaluated  the 
clearance  and  excretion  of  CdS  and  its 
bioavailability  in  terms  of  renal  uptake 
in  Wistar  rats  (Ex.  151).  They  did  not 
measure  liver  uptake.  A  dry  dispersion 
technique  was  used  to  expose  the 
animals  by  inhalation  to  0.3  mg/m3 
CdCl2,  0.2  mg/m3  CdS,  1  mg/m3  CdS  and 
8  mg/m3  CdS.  Including  controls,  five 
groups  of  60  animals  were  exposed  for 
up  to  10  days  and  followed  post 
exposure  for  up  to  three  months.  For 
CdCl2,  renal  accumulation  was  35%  of 
lung  clearance.  For  CdS.  renal 
accumulation  was  1%  of  lung  clearance. 
This  study  again  shows  the 
bioavailability  of  cadmium  as  a  result  of 


inhalation  exposure  to  CdS,  however, 
the  amount  of  accumulation  is  low 
compared  to  the  that  of  CdCl2. 
Nevertheless,  the  solubilization  and 
bioavailability  of  cadmium  from 
inhalation  of  CdS  has  been 
demonstrated  in  several  studies. 

Although  the  results  by  Konig  et  al. 
show  slightly  less  photodecomposition 
as  compared  to  the  results  by  Glaser  et 
al.  from  an  aqueous  suspension  and 
aerosol  related  to  90  fig/m3  of  CdS,  they 
nevertheless  confirm  the  findings  in  the 
study  by  Glaser  et  al.  (1991)  who 
observed  that  CdS  will  be  solubilized  to 
a  significant  degree  when  kept  in  an 
aqueous  suspension  even  under  low 
light  conditions  over  an  extended  period 
of  time  and  that  lower  concentrations  of 
CdS  suspensions  will  lead  to  relatively 
higher  solubilization  rates. 

Dr.  Oberdorster  considered  the  issue 
of  CdS  carcinogenicity  partly  from  the 
standpoint  of  evaluating  the  lung  cancer 
response  in  rats  observed  in  the  Oldiges 
et  al.  inhalation  study  (Ex.  141).  Because 
of  high  mortality  necessitating  cessation 
of  exposure  in  the  groups  of  animals 
exposed  to  the  three  highest 
concentrations  of  CdS  (270,  810  and  2430 
fig/m3),  Dr.  Oberdorster  evaluated  lung 
cancer  response  in  the  lowest  CdS 
exposure  group  (90  jig/m3).  In  order  to 
maximize  the  estimate  of  CdS  pigment 
that  may  have  become  solubilized  in  the 
carcinogenicity  study  by  Oldiges  et  al. 
(Ex.  8-964-D),  Oberdorster  used  the 
data  from  Glaser  et  al.  (Ex.  L-140-14) 
rather  than  data  from  Konig  et  al.  (Ex. 
L-140-27-B)  and  therefore  assumed  that 
50%  (rather  than  38%)  of  CdS  would 
photodecompose  to  CdS04  at  the  90  fig / 
m3  exposure  level.  Thus,  the  possibility 
exists  that  the  lung  cancer  response  rate 
in  the  Oldiges  et  al.  study  (75%  in  males 
and  85%  in  females)  may  have  resulted 
from  combined  exposure  to  CdS  and 
CdS04  of  45  ftg/m3  each.  When  these 
results  were  compared  to  the  dose 
response  data  for  CdCI2  and  lung  cancer 
in  the  Takenaka  study,  Dr.  Oberdorster 
was  of  the  opinion  that  this  high  tumor 
response  rate  in  the  CdS  exposed 
animals  could  have  resulted  from  the  45 
fig/m3  of  CdS04  that  was  produced  by 
photodecomposition.  On  the  other  hand, 
he  noted  that  animals  exposed  to  90  fig/ 
m3  of  CdS04  had  a  tumor  response  rate 
similar  to  those  exposed  to  90  fig/m3 
CdS,  i.e.,  90  fig/m3  of  either  cadmium 
compound  resulted  in  the  same  cancer 
response.  For  this  reason,  he  was  also  of 
the  opinion  that  the  tumor  response  rate 
in  the  group  of  rats  exposed  to  90  pg/m3 
of  CdS  could  have  also  been  the  result 
of  the  remaining  exposure  of  45  pg/m3  of 
CdS  in  combination  with  CdSC>4  if  the 
effects  of  both  compounds  were 
additive.  In  other  words,  Dr. 


Oberdorster  was  also  of  the  opinion  that 
both  cadmium  compounds  may  have 
been  responsible  for  the  high  tumor  rate 
observed  in  the  Oldiges  et  al.  study 
since  the  high  tumor  rate  placed  this 
value  in  the  flat  part  of  the  exposure 
response  curve.  Thus,  he  felt  that 
evidence  for  the  carcinogenicity  of  CdS 
could  not  be  determined  conclusively 
from  this  study. 

Dr.  Oberdorster  also  considered  the 
issue  of  CdS  carcinogenicity  by 
evaluating  the  tumor  response  observed 
in  rats  as  a  result  of  administration  of 
various  cadmium  compounds  through 
intratracheal  instillation  in  the  Pott  et  al. 
(1987)  study.  Three  separate  dose  levels 
for  each  cadmium  compound  were  used 
in  this  study  (Ex.  8-757).  Animals  were 
exposed  to  a  total  of  20  pg,  60  pg  or  135 
pg  of  CdCl2  or  CdSCb  and  to  a  total  of 
630  pg,  2500  pg  and  10,000  pg  of  CdS. 
These  doses  of  CdS  would  result  in 
approximately  60  pg,  70  pg  and  100  pg 
of  CdSCb  being  formed  through 
photodecomposition  (Ex.  141).  In  his 
analysis,  Dr.  Oberdorster  estimated  the 
amount  of  CdS  that  would  have 
photodecomposed  to  CdS04  in  the  Pott 
study  based  upon  the  Konig  et  al.  (1991) 
study. 

Note:  Dr.  Oberdorster  overestimated  the 
actual  amount  of  CdS  that  would 
photodecompose  to  soluble  CdS04  in  his 
analysis  because  he  assumed  that  the  CdS 
suspension  was  exposed  to  light  for  24  hours 
when  he  had  information  that  Dr.  Pott  had 
kept  the  suspension  in  a  dark  refrigerator 
over  night. 

Dr.  Oberdorster  compared  cancer 
response  in  the  low  and  middle  dose 
groups  because  there  was  early 
mortality  in  the  high  dose  groups — over 
50%  of  the  animals  in  the  high  dose 
groups  had  died  before  the  first  tumor 
was  observed  in  the  study. 

The  tumor  response  (5.1%)  in  the  low 
dose  group  of  CdS  exposed  animals  was 
not  significantly  different  from  the  tumor 
response  of  the  pooled  low  dose  groups 
exposed  to  CdCl2  and  CdO  (2.7%)  or  to 
the  tumor  response  (6.2%)  observed  in 
the  pooled  middle  dose  groups  of  CdCl2 
and  CdO  exposed  animals.  Dr. 
Oberdorster  then  calculated  that  the 
tumor  response  (22.2%)  in  the  mid-dose 
group  exposed  to  CdS  (equivalent  to 
about  70  pg  of  soluble  CdS04)  was:  (1) 
Significantly  greater  than  the  tumor 
response  (5.1%)  in  the  low  dose  CdS 
group  (equivalent  to  60  fig  of  soluble 
CdS04)  and  (2)  significantly  greater  that 
the  tumor  response  (6.2%)  with  data 
combined  for  the  mid-dose  groups 
exposed  to  60  fig  of  soluble  CdCU  or 
CdO. 

Thus,  in  the  presence  of  CdS,  an 
increase  of  slightly  less  than  10  fig  of 
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exposure  to  CdSO*  (60  to  70  p.g) 
significantly  increased  the  tumor 
response  from  5.1%  to  222%.  In  addition, 
exposure  to  slightly  less  than  70  fig  of 
CdSC>4  in  the  presence  of  a  high  dose  of 
CdS  yielded  a  significantly  higher  tumor 
response  (6.2%  versus  22.5%)  than 
observed  with  exposure  to  60  fig  of 
soluble  CdCh  or  CdSO*.  In  Dr. 
Oberdorster’s  opinion,  this  significantly 
increased  tumor  response  as  a  result  of 
only  a  slight  increase  in  exposure  to 
CdSO«  in  the  mid-dose  CdS  group  as 
compared  to  the  low  dose  CdS  group,  or 
in  comparison  to  the  mid-dose  CdCk  or 
CdO  group  could  not  have  been  the 
result  of  exposure  to  only  an  additional 
10  fig  of  CdSCV  Therefore,  in  Dr. 
Oberdorster’s  opinion,  exposure  to  CdS 
was  the  most  likely  cause  of  the 
increase  in  lung  cancer  in  the  mid-dose 
group  exposed  to  CdS  in  this  study. 

Thus,  the  Pott  study  provided  evidence 
of  a  qualitative  carcinogenic  response  as 
a  result  of  exposure  to  CdS.  Dr. 
Oberdorster  stated: 

*  *  *  no  firm  conclusion  about  the 
pulmonary  carcinogenicity  can  be  drawn 
from  the  results  of  the  study  by  Glaser  et  al. 
(1990).  However,  when  the  inhalation  study 
and  the  instillation  study  are  viewed  together 
the  evidence  for  carcinogenicity  of  CdS 
becomes  stronger.  (Ex.  141). 

The  Pott  study,  however,  in  Dr. 
Oberdbrster’s  opinion  could  not  be  used 
to  provide  quantitative  evidence  of 
cancer  potency  because  the  cadmium 
compounds  were  administered  by 
intratracheal  instillation.  Dr  Oberdorster 
was  of  the  opinion  that  CdS  is  probably 
less  potent  as  a  carcinogen  in  rats  than 
the  other  cadmium  compounds  tested. 

He  stated  “to  determine  how  much  less 
this  carcinogenic  potency  is  requires  a 
far  better  knowledge  of  the  underlying 
molecular  and  cellular  mechanisms  of 
cadmium  carcinogenicity  than  we  have 
at  present. 

On  the  basis  of  their  experimental 
results  as  presented  above,  Glaser  et  al. 
stated  that: 

CdS  solubilization  may  have  contributed  to 
the  high  lung  tumor  incidences  in  the  CdS 
exposed  rats.  However,  CdS  particles  still 
have  a  carcinogenic  potential  to  the  lung  of 
rats  as  indicated  by  the  results  of  Pott  et  al. 
(1987),  who  found  an  increased  lung  tumor 
incidence  in  rats  after  repeated  intratracheal 
instillation  of  CdS  particles.  (Ex.  L-140-14) 

Dr.  Heinrich  of  the  Fraunhofer 
Institute  in  Hannover  also  commented 
on  the  carcinogenic  potential  of  CdS  (Ex. 
142).  Based  upon  two  lines  of  reasoning, 
he  was  of  the  opinion  that  CdS  is 
carcinogenic.  First,  he  noted  that  rats 
given  two  intraperitoneal  injections  of 
0.125  mg  of  Cd  as  CdO  developed  a 
tumor  rate  of  only  6.4%  in  the  1987  Pott 
et  el.  study  (Ex.  8-757).  He  then  stated 


that  the  high  tumor  rate  (67%)  resulting 
from  50  mg  of  cadmium  as  CdS  in  the 
study  by  Pott  could  only  be  explained 
by  a  high  amount  of  CdS  becoming 
solubilized  in  the  peritoneal  cavity  over 
time.  He  reasoned  that  if  the  50  mg 
suspension  of  cadmium  as  CdS  had 
already  contained  appreciable 
quantities  of  cadmium  ions  at  the  time 
of  administration,  the  animals  would 
have  shown  toxic  effects.  Second,  the 
findings  of  Konig  et  al.  (Ex.  L-140-27-B) 
of  about  40%  Cd++  ion  formation  in 
aerosol  generated  from  the  90  fig/m3 
CdS  exposure  in  relation  to  the  cancer 
incidence  in  rats  exposed  via  inhalation 
to  90  fig! ms  of  CdS  in  the  Oldiges  et  al. 
study  (8-694-D)  indicated  to  Heinrich 
that  about  60%  or  56  pg/m3  of  CdS  was 
inhaled  by  rats  in  the  Oldiges  et  al. 
study.  As  a  result,  he  estimated  that  the 
amount  of  cadmium  deposited  in  the  rat 
lung  per  day  as  CdS  would  have  been 
2.1  fig.  According  to  Heinrich,  only  25% 
of  this  amount  of  cadmium  has  to  be 
biologically  available  to  reach  the  same 
lung  burden  with  cadmium  ions  and 
possibly  the  same  tumor  rate  (15.4%)  as 
the  rats  exposed  to  13.4  fig  Cd/m3  as 
CdCk  in  the  Takenaka  et  al.  study.  As  a 
result  of  the  above  observations, 
Heinrich  concluded: 

Thus  there  is  no  doubt  that  CdS  retained  in 
the  lung  will  dissolve  to  some  extent 
depending  on  the  residence  time  or  biological 
halftime  of  the  inhaled  CdS  particles  in  the 
lung.  Therefore,  inhalable  CdS  aerosol  has  to 
be  regarded  as  a  probable  human  carcinogen. 
The  longer  the  residence  time  of  the  CdS 
particle  in  the  lung  the  more  CdS  becomes 
dissolved  and  the  higher  will  be  the 
carcinogenic,  potency.  As  we  know  that  the 
biological  halftime  of  particles  with  low 
solubility  in  the  human  lung  is  about  ten 
times  longer  compared  to  the  rat  lung,  the 
carcinogenic  potency  of  inhaled  CdS  aerosols 
is  expected  to  be  higher  for  humans  than  for 
rats.  (Ex.  142) 

In  other  words,  the  same  dose  of  CdS 
to  the  human  lung  may  cause  a  greater 
carcinogenic  response  than  in  the  rat 
lung  because  of  longer  retention  time  in 
the  human  lung.  However,  this  does  not 
imply  that  CdS  would  be  a  more  potent 
carcinogen  than  other  more  soluble 
cadmium  compounds  based  on  the  ionic 
theory  of  carcinogenesis.  Indeed,  DCMA 
(Ex.  144-20)  pointed  out  that  all  of  the 
cadmium  compounds  had  a  similar 
retention  time  in  the  rat  lung  and  that 
the  study  by  Dr.  Oberdorster  and  Cox 
(Ex.  31-A)  indicated  that  all  of  the 
cadmium  compounds  are  retained  in  the 
lungs  of  primates  10  times  longer  than  in 
rodents. 

Thus,  it  seems  reasonable  to  assume 
that  the  steady  state  concentration  and 
the  resulting  retained  dose  of  CdS 
particles  from  a  comparable  exposure 


concentration  will  be  higher  in  the 
human  lung  than  in  the  rat  lung. 
Moreover,  the  longer  residence  time  of 
CdS  particles  to  be  released  in  the 
human  lung  means  that  there  is  more 
time  than  in  the  rat  lung  for  cadmium 
ions  to  be  released  by  dissolution  from 
the  CdS  particles  (Ex.  142).  Both  of  these 
biological  factors  lead  Dr.  Heinrich  to 
conclude  that  from  a  comparable 
exposure  concentration,  the  resulting 
carcinogenic  effect  of  CdS  will  be  higher 
in  the  human  lung  than  in  the  rat  lung 
(Ex.  142)  even  though  the  overall 
carcinogenic  effect  of  CdS  may  be  less 
as  compared  to  other  more  soluble 
cadmium  compounds. 

Based  upon  the  ionic  theory  of 
carcinogenesis  for  cadmium  compounds 
and  data  related  to  solubility  and 
bioavailability  of  CdS  in  rats,  Dr. 
Heinrich  (Ex.  142),  Dr.  Oberdorster  (Ex. 
141)  and  Drs.  Konig  et  al.  (Ex.  L-140-27- 
B)  were  all  of  the  opinion  that  CdS- 
exposed  rats  are  likely  to  develop  a 
lower  lung  tumor  rate  than  CdCh  or 
CdO-exposed  rats.  Neither  Dr.  Heinrich 
nor  Dr.  Oberdorster,  however,  could  not 
give  an  estimate  of  the  carcinogenic 
potency  of  CdS  to  humans  because  of 
lack  of  knowledge  of  the  mechanisms 
involved.  For  example,  Dr.  Heinrich 
stated  that  we  do  not: 

*  *  *  know  how  many  cadmium  ions  are 
actually  necessary  to  induce  the  observed 
carcinogenic  effect.  We  also  do  not  know 
whether  metallothionein-bound  cadmium 
ions  in  the  lung  can  be  remobilized  and  are 
thus  also  available  for  a  carcinogenic  effect. 
(Ex.  142) 

With  regard  to  carcinogenic  potency 
of  CdS,  Dr.  Oberdorster  stated: 

To  determine  how  much  less  this 
carcinogenic  potency  is  requires  a  far  better 
knowledge  of  the  underlying  molecular  and 
cellular  mechanisms  of  cadmium 
carcinogenicity  than  we  have  at  present.  I 
can  think  of  several  hypothetical  mechanistic 
scenarios  which  would  implicate  CdS  as 
being  a  direct  or  indirect  pulmonary 
carcinogen.  (Ex.  141) 

Dr.  Oberdorster  went  on  to  say  that  if 
ionic  cadmium  is  the  ultimate 
carcinogen,  then  long  term  in  vivo 
solubilization  rates  in  the  lung  may 
permit  the  estimate  of  a  potency  factor 
for  bioavailability  of  Cd++.  If,  on  the 
other  hand,  an  intrinsic  toxic  particulate 
effect  contributes  to  the  carcinogenic 
effect  of  CdS  as  it  may  do  with  respect 
to  toxic  effects  in  the  lungs,  then  in  vivo 
solubility  is  not  a  good  indicator  of 
carcinogenic  potency.  He  also  stated  the 
possibility  of  a  combined  effect  of 
solubilized  cadmium  on  further  in  vivo 
CdS  solubilization  and  retention  due  to 
effects  on  lung  cell  function  as  a 
possible  mechanism. 
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In  summary,  DCMA  requested  a 
separate  health  standard  for  cadmium 
pigments  (Ex.  144-20).  The  basis  for  this 
opinion  is  that  the  scientific  studies  of 
carcinogenicity  by  Oldiges  et  al.  and  by 
Pott  et  al.  are  flawed  because  the  CdS 
administered  to  the  animals  was 
subjected  to  light  and  as  a  result  the 
material  photodecomposed  to  CdSO«, 
which  was  responsible  for  the  cancer 
response. 

After  reviewing  the  new 
photodecomposition  studies  and 
comments  about  them  as  mentioned 
above,  OSHA  is  of  the  opinion  that  the 
photodecomposition  of  CdS  to  CdS04 
may  have  played  a  role  in  the  cancer 
response  observed  in  the  Oldiges  et  al. 
and  Pott  et  al.  studies.  However, 
photodecomposition  of  CdS  to  CdSO* 
could  not  account  for  the  tumor 
response  observed  in  the  mid-dose 
group  of  the  Pott  et  al.  study  as  pointed 
out  by  Oberdorster  (Ex.  141)  and 
discussed  above.  If  CdS  was  responsible 
for  the  significant  increase  in  the  cancer 
response  observed  in  the  mid-dose 
group,  it  is  reasonable  to  conclude  that 
CdS  has  a  carcinogenic  potential  and 
contributed  to  the  cancer  response 
observed  in  the  inhalation  cancer  study 
by  Oldiges  et  al. 

After  reviewing  all  of  the  studies  and 
comments  on  the  issue  of  CdS 
carcinogenicity,  OSHA  agrees  with  the 
commentors  that  the  CdS  preparations 
used  in  animal  carcinogenicity  studies 
photodecomposed  to  varying  degrees 
which  depended  upon  the  concentration 
administered  and  the  amount  of  light 
and  moisture  present.  The  exact  role  of 
this  photodecomposition  in  the 
quantitative  carcinogenic  response 
observed  in  the  various  cancer  studies, 
however,  cannot  be  determined. 
Nevertheless,  evidence  was  presented 
during  the  rulemaking  that  CdS  is  a 
probable  human  carcinogen.  This 
opinion  of  OSHA  is  derived  from  a 
combination  of  the  following 
observations: 

(1)  The  analysis  of  Dr.  Oberdorster 
showing  that  an  increase  of  only  10  fig 
of  CdSO«  in  the  presence  of  CdS 
resulted  in  a  statistically  significant 
increase  in  lung  tumor  response  in  the 
Pott  et  al.  study; 

(2)  The  Oldiges  et  al.  study 
demonstrating  a  significant  increase  in 
lung  cancer  in  rats  exposed  to  CdS  by 
inhalation; 

(3)  The  above  mentioned  analysis  by 
Heinrich  indicating  that  the  lung  tumor 
response  among  animals  given  50  mg  of 
cadmium  as  CdS  in  the  Pott  et  al.  study 
can  only  be  explained  by  a  high 
solubility  of  CdS  in  the  peritoneal  cavity 
over  time; 


(4)  Study  results  indicating  that 
administration  of  CdS  leads  to 
absorption  into  the  body; 

(5)  Lung  retention  of  CdS  aerosol  is 
estimated  to  be  10  times  greater  in  the 
human  lung  than  in  the  rat  lung  and 
increases  the  likelihood  of  systemic 
absorption  in  humans. 

With  the  exception  of  Mr.  Ulicny,  all 
of  the  investigators  involved  in  the 
actual  research  related  to  CdS 
photodecomposition  or  carcinogenicity 
who  offered  comments  (Glaser  et  al.; 
Konig  et  al.;  Heinrich;  Oberdorster)  were 
of  the  opinion  that  CdS  was 
carcinogenic  even  though 
photodecomposition  to  CdS04  may  have 
played  a  role  in  the  carcinogenic 
response  observed  in  the  animal  cancer 
studies  (Exs.  L-140-14;  L-140-27-B;  142; 
141).  None  of  the  latter  group  of 
investigators  was  of  the  opinion  that 
CdS  was  not  carcinogenic. 

The  animal  inhalation  studies  with  the 
various  cadmium  compounds  by  Oldiges 
et  al.  indicate  a  similar  carcinogenic 
response  even  though  the 
photodecomposition  studies  raise  the 
possibility  that  part  of  the  cancer 
response  with  CdS  may  have  been  due 
to  the  photodecomposition  of  CdS  to 
soluble  CdS04.  The  analysis  of  the  Pott 
et  al.  data  by  Dr.  Oberdorster  indicates 
that  a  large  part  of  the  carcinogenic 
response  in  the  animals  had  to  be 
attributed  to  CdS  since  it  could  not  be 
attributed  solely  to  CdS04  (Ex.  141). 
Thus,  it  is  also  possible  that  a  large 
portion  of  the  carcinogenic  response 
observed  in  the  Oldiges  et  al.  inhalation 
study  of  CdS  could  be  attributed  to  CdS. 
Therefore,  it  is  also  reasonable  to 
conclude  that  the  cancer  response  of 
rats  in  the  Oldiges  et  al.  inhalation  study 
could  not  be  attributed  entirely  to  the 
formation  of  ionic  cadmium  through 
photodecomposition.  How  much  of  the 
cancer  response  may  have  been  due  to 
the  photodecomposition,  however, 
cannot  be  determined  with  the  data 
currently  available  because  information 
on  molecular  and  cellular  mechanisms 
involved  in  the  carcinogenicity  of  the 
various  cadmium  compounds  is  not 
known. 

It  was  pointed  out  that  an  intrinsic 
toxic  particulate  effect  could  contribute 
to  the  carcinogenic  effect  of  CdS  and  if 
this  is  so,  in  vivo  solubility  is  not  a  good 
indicator  of  carcinogenic  potency  of 
cadmium  pigments.  It  was  also  pointed 
out  that  CdS  may  have  acted  in  an 
additive  manner  with  the  amount  of 
CdSCL  formed  through 
photodecomposition  to  induce  cancer. 

Evidence  also  indicates  that  CdS  will 
be  retained  in  the  human  lung  10  times 
longer  than  in  the  rat  lung  making  it 
likely  that  the  potency  from  inhaled  CdS 


will  be  greater  for  humans  than  for  rats. 

If  one  accepts  the  ionic  theory  of  cancer 
for  cadmium  compounds,  CdS  pigments 
may  be  less  carcinogenic,  but  it  is  not 
possible  to  determine  the  magnitude  of 
the  difference  in  potency  when  the 
results  are  extrapolated  to  humans.  An 
intrinsic  particulate  effect  could  play  a 
role  in  the  development  of  cancer  with 
the  cadmium  pigments  and  there  could 
also  be  a  combined  effect  of  solubilized 
cadmium  on  further  in  vivo  CdS 
solubilization  and  retention  in  relation 
to  lung  function. 

Thus,  OSHA  is  of  the  opinion  that 
CdS  is  an  occupational  carcinogen.  With 
the  data  currently  available,  however,  it 
is  not  possible  to  determine  whether 
cadmium  sulfide  has  a  different 
carcinogenic  potency  from  other 
cadmium  compounds  though  it  is 
possible  that  it  may  be  less  potent. 
Therefore,  with  regard  to 
carcinogenicity,  CdS  will  be  treated 
similar  to  other  cadmium  compounds. 

DCMA  (Ex.  144-20)  has  argued  that  a 
conclusion  that  CdS  should  be  regulated 
as  an  occupational  carcinogen  does  not 
conform  with  OSHA’s  Cancer  Policy. 
However,  in  addition  to  the  evidence  of 
carcinogenicity  presented  above,  sec. 
1990.111  (c)  of  the  Cancer  Policy  (45  FR 
5002-5296,  Jan  22,1980)  allows  the 
Agency  to  regulate  groups  of 
substances,  or  combinations  of 
substances,  or  mixtures  of  substances 
found  in  the  workplace.  Thus,  OSHA 
may  regulate  a  group  of  substances  on 
the  basis  of  the  scientific  evidence 
available  on  a  single  member  of  the 
group.  In  the  arsenic  standard,  OSHA 
regulated  all  pentavalent  arsenic 
compounds  along  with  all  trivalent 
arsenic  compounds  as  carcinogens  even 
though  evidence  of  carcinogenicity  for 
the  former  compounds  was  based  on  a 
single  study  of  pentavalent  arsenic 
exposure  which  was  limited  in  study 
design  and  methodology.  In  the  arsenic 
standard,  OSHA  relied  upon  expert 
opinion  about  the  study  results  for  the 
carcinogenicity  of  pentavalent  arsenic, 
the  evidence  on  the  carcinogenicity  of 
trivalent  arsenic  compounds,  as  well  as 
on  the  Supreme  Court’s  benzene 
decision  (I.U.D.  v.  A.P.I.  448  U.S.  607) 
that  OSHA  was  free  to  use  conservative 
assumptions  to  err  on  the  side  of  worker 
protection.  Inclusion  of  pentavalent 
arsenic  compounds  in  the  arsenic 
standard  was  upheld  by  the  Court  of 
Appeals  in  ASARCO,  Inc.  v.  OSHA  (746 
F.  2d  483  (1984)),  which  agreed  that  it 
was  appropriate  to  utilize  evidence  of 
the  carcinogenicity  of  trivalent  arsenic 
compounds  in  determining  the 
carcinogenicity  of  pentavalent  arsenic 
compounds.  Thus,  OSHA  believes  that  it 
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has  a  scientific  basis  as  well  as  a 
judicial  basis  for  including  CdS  in  the 
current  standard  and  for  establishing 
the  same  PEL  for  cadmium  pigments  that 
will  be  set  for  all  other  inorganic 
cadmium  compounds.  In  any  event, 

OSHA  notes  that  all  of  the  inorganic 
salts  of  cadmium,  including  CdS,  tested 
for  carcinogenicity  by  inhalation  in  the 
rat  produced  a  highly  carcinogenic 
response. 

As  discussed  in  the  section  of  this 
preamble  dealing  with  CdS 
carcinogenicity,  record  evidence  and 
expert  opinion  leads  the  Agency  to 
conclude  that  CdS,  in  and  of  itself,  is  an 
occupational  carcinogen.  The  final  issue 
raised  is  whether  or  not  CdS  has  the 
same  carcinogenic  potency  as  the  other 
cadmium  salts.  Although  the  cancer  test 
results  showed  a  similar  tumor  response 
for  CdS  as  for  other  cadmium 
compounds  tested,  because  of  the 
possibility  of  photodecomposition, 
several  experts  testified  that  it  is  not 
possible  with  scientific  certainty  to 
determine  the  relative  carcinogenic 
response  that  could  be  attributed  to  CdS 
as  distinguished  from  CdS04.  Dr. 
Oberdorster,  for  example,  stated  that  an 
additive  effect  between  CdS  and  CdSO« 
in  the  carcinogenic  response  cannot  be 
excluded  and  that  until  more  and  better 
data  become  available,  it  would  not  be 
advisable  to  establish  a  different 
standard  for  CdS  (Ex.  141).  Thus,  record 
evidence  and  expert  opinion  lead  the 
Agency  to  conclude  that  CdS  should  be 
considered  an  occupational  carcinogen 
and  have  the  same  PEL  as  that 
established  for  other  cadmium 
compounds. 

3.  Evidence  in  Humans — Introduction 

Extensive  study  of  five  cohorts  with 
occupational  exposure  to  cadmium  has 
found  an  excess  of  lung  cancer  among 
cadmium  exposed  workers  (Ex.  L-140- 
50).  The  mortality  experience  of  these 
workers  has  been  studied  repeatedly. 
The  five  cohorts  are  comprised  of 
workers  at  a  cadmium  smelter  in  the 
U.S.  (Thun,  Exs.  4-88;  8-658a;  Lemen, 

Ex.  4-51  and  Varner,  Ex.  8-649);  workers 
at  two  cadmium  battery  plants  in  the 
United  Kingdom  (Armstrong  and 
Kazantzis  Ex.  8-603;  Kipling  and 
Waterhouse,  Ex.  4-45;  Sorahan,  Ex.  4-65; 
and  Sorahan,  Ex.  12-12-A);  workers 
from  17  different  plants  using  cadmium 
in  the  United  Kingdom  (Armstrong  and 
Kazantzis,  Ex.  8-603;  Armstrong  and 
Kazantzis,  Ex.  8-565;  and  Kazantzis  et 
al.,  Ex.  8-684);  workers  at  a  cadmium- 
alloy  plant  in  the  United  Kingdom 
(Holden,  Ex.  4-39;  Armstrong  and 
Kazantzis,  Ex.  8-603);  and  workers  at  a 
nickel-cadmium  battery  plant  in  Sweden 
(Kjellstrom  et  al..  Ex.  4-48;  Elinder  et  al.. 


Ex.  4-25;  Jarup  et  al.,  referenced  in  L- 
140-50).  Evaluation  of  these  data  is 
complicated  by  the  fact  that  the  same 
populations  have  been  examined 
repeatedly,  sometimes  by  different 
groups  of  investigators.  For  example,  the 
cohort  of  workers  from  17  plants 
included  members  of  the  the  cohort  at 
the  two  cadmium  battery  plants  (Exs.  8- 
603  and  12-12-A). 

Elinder  et  al.  evaluated  13  studies  of 
these  cohorts  and  concluded  that  in 
several  studies,  workers  with  high 
exposures  were  combined  with  workers 
with  low  exposures  into  one  exposure 
group.  This  would  reduce  the  ability  of 
these  studies  to  detect  an  effect  due  to 
cadmium  exposure  (Ex.  4-25).  In 
addition,  Elinder  concluded  that  in  the 
largest  study  (Ex.  8-684),  most  workers 
had  such  low  cadmium  exposures  that 
cadmium-associated  cancer  would  not 
be  induced.  After  evaluating  the  studies, 
Elinder  combined  the  data  from  them 
and  found  an  overall  lung  cancer  SMR 
of  121  (Obs.=195;  Exp.  =  101.4;  p=0.008, 
two-tailed). 

Elinder  also  found  that  12  of  the  13 
studies  reported  excess  cancers  of  the 
prostate,  and  in  4  of  these,  the  excesses 
were  statistically  significant.  Elinder 
noted  that  the  median  SMR  for  prostate 
cancer  from  all  of  the  studies  was  167, 
but  when  the  number  of  observed  and 
expected  cases  are  combined  for  the 
most  recent  updates  of  the  6 
independent  studies  (7  of  the  13  studies 
were  updates  of  earlier  studies),  the 
statistically  significant  SMR  for  prostate 
cancer  for  all  cohorts  is  162  (Obs  =  28, 
Exp =17.2,  p<.02,  two-tailed). 

Elinder  concluded,  "Our  interpretation 
is  that  the  accumulating  data  on  the 
mortality  of  cadmium  workers  with  high 
exposure  levels  in  the  past  (above  0.3 
mg/m3)  support  an  association  between 
lung  cancer  and  cancer  of  the  prostate 
and  exposure  to  cadmium,”  (Ex.  4-25). 
Thun  et  al.  subsequently  evaluated 
studies  of  these  same  five  cohorts 
including  updates  of  studies  of  four  of 
the  five  cohorts  (Ex.  L-140-50).  The 
authors’  analysis  of  the  prostate  cancer 
data  lead  them  to  conclude  that  while 
mortality  from  prostate  cancer  is  slightly 
increased  in  several  of  these  industrial 
cohorts,  the  number  of  excess  cases  is 
small  and  there  is  no  clear  dose- 
response  relationship  with  exposure. 
Several  other  researchers  have 
concluded  that  the  evidence  for  an 
association  between  cadmium  exposure 
and  prostate  cancer  is  limited  or 
decreasing  (Exs.  19-43-A  and  19-29). 

Analyzing  the  lung  cancer  data  from 
these  studies,  Thun  et  al.  found  that 
these  updates  reported  a  statistically 
significant  increase  in  mortality  from 


lung  cancer  in  cadmium  smelter 
workers,  with  two  or  more  years  of 
employment  (SMR  =  137,  Obs =24, 

Exp =10.76,  95%  CI=  148-332  (Thun,  Ex. 
33)h  a  statistically  significant  increase 
in  mortality  from  lung  cancer  in  nickel- 
cadmium  battery  workers  in  the  U.K. 
(SMR =130,  Obs.  =  110,  Exp.=  84.5,  95% 
Cl =107-157  (Sorahan,  Ex.  12-12-A));  a 
statistically  significant  increase  in 
mortality  from  lung  cancer  in  workers  at 
17  plants  combined  in  the  UJC 
(SMR =115,  Obs.  =  277,  Exp. =240.9,  95% 
Cl  =  101-129  (Kazantzis,  Ex.  8-684));  and 
a  statistically  significant  increase  in 
mortality  from  lung  cancer  in  Swedish 
nickel-cadmium  battery  workers 
(SMR  =  241,  Obs.  =  14,  Exp.  =  5.8, 95% 

Cl =132-405  (Jarup  et  al.,  referenced  in 
Ex.  L-140-50)).  Thus,  in  each  of  these 
updates  a  statistically  significant  excess 
of  lung  cancers  was  observed. 

These  studies  provide  qualitative 
evidence  of  the  carcinogenic  effects  of 
cadmium  on  the  human  lung.  In  several 
of  these  studies,  there  are  indications  of 
a  dose-response  relationship  between  , 
cadmium  exposure  and  risk  (Ex.  L-140- 
50).  For  example,  in  three  cohorts  (Exs. 
33, 12-12-A,  and  8-684),  the  SMR  for 
lung  cancer  increases  either  with  length 
of  employment  or  cumulative  exposure 
to  cadmium  (Ex.  L-140-50). 

4.  Studies  of  the  U.K.  Nickel-Cadmium 
Battery  Factory  Cohort 

One  of  the  earliest  cohort  studies  was 
by  Kipling  and  Waterhouse  who 
observed  four  cases  of  prostate  cancer 
among  a  cohort  of  248  men  employed  in 
a  British  nickel-cadmium  battery  factory 
(Ex.  4-45).  Exposure  was  to  cadmium 
oxide  dust.  The  observed  number  of 
prostate  cancers  was  more  than  seven 
times  greater  than  the  expected  number 
of  protate  cancers  (Exp =0.58,  p=.003) 
calculated  using  incidence  rates  from  a 
regional  cancer  registry. 

In  a  subsequent  study  of  these 
workers,  Sorahan  and  Waterhouse 
observed  a  statistically  significant 
excess  of  respiratory  cancer  (Obs =89; 
Exp  =  70.2;  SMR =127;  p<.05)(Ex.  4-65). 
An  excess  of  prostate  cancer  was  again 
observed,  but  this  time  was  not 
statistically  significant  (Obs =8; 

Exp =6.6;  SMR =121). 

To  assess  the  relationship  between 
cadmium  dose  and  mortality,  the 
authors  devised  two  measures  of 
cadmium  exposure.  The  first  measure 
was  "cumulative  duration  of 
employment  in  high  exposure  jobs,"  and 
the  second  measure  was  “cumulative 
duration  of  employment  in  high  or 
moderate  exposure  jobs.”  Using  the 
method  of  regression  models  in  life 
tables,  the  authors  found  that 
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cumulative  duration  of  employment  in 
high  exposure  jobs  was  significantly 
related  to  prostate  cancer  mortality  but 
only  when  the  four  original  cases 
described  by  Kipling  and  Waterhouse 
were  included  in  the  analysis.  The 
measure  cumulative  duration  of 
employment  in  high  exposure  jobs  was 
not  statistically  significantly  associated 
with  lung  cancer  mortality,  but  the 
measure  cumulative  duration  of 
employment  in  high  or  moderate 
exposure  jobs  did  show  a  statistically 
significant  relationship  to  lung  cancer 
mortality.  The  authors  cautioned, 
however,  that  this  observed  effect  could 
be  confounded  by  oxyacetylene  fume 
exposure. 

Workers  at  this  factory  were  studied 
once  again  by  Armstrong  and  Kazantzis, 
who  conducted  a  case-control  study  of 
workers  who  had  died  of  prostate 
cancer,  renal  cancer,  bronchitis  or 
emphysema,  or  nephritis  or  nephrosis 
(Ex.  4-19).  Cases  were  selected  from 
three  cohorts  of  British  workers  exposed 
to  cadmium.  All  of  the  cohorts  had  been 
studied  previously.  Cohort  Cl  was 
comprised  of  workers  from  a  lead-zinc- 
cadmium  smelter  previously  studied  by 
Armstrong  and  Kazantzis  (Ex.  8-565). 
Cohort  C2  was  comprised  of  workers 
from  the  nickel-cadmium  battery  factory 
studied  by  Sorahan  and  Waterhouse  - 
(Ex.  4-65).  Cohort  C3  was  comprised  of 
workers  from  a  copper-cadmium  alloy 
plant  previously  studied  by  Holden  who 
had  found  statistically  significant  excess 
of  prostate  cancers  (Ex.  4-40).  Cases 
consisted  of  workers  who  had  died  of 
prostate  cancer,  chronic  respiratory 
disease  or  renal  disease.  Only  men  bom 
before  1940  with  at  least  one  year 
employment  before  1970  were  included. 
For  each  case,  3  controls  were  selected 
matched  by  plant,  age,  and,  as  nearly  as 
possible,  date  of  birth. 

The  authors  divided  these  cohorts  into 
three  groups:  always  low  cadmium 
exposure;  ever  medium  cadmium 
exposure;  and  ever  high  cadmium 
exposure.  They  found  that  the  odds  of 
prostate  cancer  for  the  ever  medium  or 
ever  high  gxposure  groups  were 
elevated  relative  to  the  always  low 
exposure  groups  (1.55  and  1.35 
respectively),  but  neither  of  these  odds 
ratios  were  statistically  significant.  The 
authors  noted,  however,  that  the  small 
number  of  prostate  cancer  cases  makes 
interpretation  of  this  finding  difficult. 

In  1987,  Sorahan  updated  his  study  of 
the  nickel  cadmium  battery  workers  (Ex, 
12-12A).  Twenty-two  additional  deaths 
from  lung  cancer  were  reported. 
According  to  the  author,  there  was  some 
evidence  of  an  association  between  risk 
of  death  from  lung  cancer  and  duration 


of  employment  in  high  or  moderate  (or 
slight)  exposure  jobs  for  “early  workers" 
(i.e.  first  employed  before  1946),  but 
none  for  “late  workers"  (i.e.  first 
employed  after  1946).  A  significant 
increase  in  lung  cancer  was  observed 
for  the  entire  study  cohort  (110  Obs., 

84.5  Exp.,  p<.01).  Sorahan  did  not  report 
a  statistically  significant  increase  in 
lung  cancer  for  his  cohort  when  workers 
were  divided  into  “early  workers"  and 
“late  workers,"  but  OSHA’s  analysis 
shows  that  there  was  a  significant 
excess  of  lung  cancers  for  the  “late 
workers"  (45  Obs.,  33  Exp.,  p<.05 — one 
tail). 

Among  "late  workers,"  the  SMRs  for 
lung  cancer  were  observed  to  increase 
with  years  from  first  employment. 
Because  this  trend  was  not  observed  for 
“early  workers,”  Sorahan  suggested  that 
the  there  might  be  selection  bias  for  the 
“early  workers"  and  that  this  sub-cohort 
may  be  incomplete.  The  study’s  inability 
to  demonstrate  a  significant  relationship 
between  duration  of  employment  and 
lung  cancer  risk,  however,  does  not 
mean  that  there  is  no  association 
between  cadmium  exposure  and  lung 
cancer  risk.  Duration  of  exposure  may 
not  be  a  surrogate  for  dose,  particularly 
when  the  length  of  exposure  periods  are 
not  adjusted  for  the  particular  years  in 
which  the  exposure  occurs.  The 
observed  excess  of  lung  cancer  deaths 
among  the  “late  workers"  supports  an 
association  between  cadmium  exposure 
and  lung  cancer. 

5.  Studies  of  the  17  U.K.  Plant  Cohort 

Ades  and  Kazantzis  conducted  a 
study  of  lung  cancer  in  non-ferrous 
smelter  workers  (Ex.  12-14C).  This 
cohort  of  men  employed  in  a  lead-zinc- 
cadmium  smelter  was  part  of  Cohort  Cl 
in  the  Armstrong  and  Kazantzis  study 
described  above  (Ex.  4-19).  The  authors 
found  a  significant  excess  of  lung  cancer 
deaths  among  the  entire  cohort  (182 
Obs.,  146.2  Exp.,  p  <  .005).  In  subcohcrts 
of  workers,  a  significant  excess  of  lung 
cancer  deaths  was  observed  for  workers 
with  20  to  29  years  of  employment  (44 
Obs.,  23.1  Exp.,  p<.005)  and  for  workers 
with  40  or  more  years  of  employment  (8 
Obs.,  2.74  Exp.,  p<.02). 

SMRs  for  lung  cancer  death  were 
observed  to  increase  with  duration  of 
employment  for  the  cohort.  This  linear 
trend  was  statistically  significant  The 
risk  of  lung  cancer  for  workers  with 
more  than  five  years  of  employment 
relative  to  the  risk  for  workers  with  less 
than  five  years  of  employment  was  also 
observed  to  increase  with  duration  of 
employment.  Using  a  matched  logistic 
regression  analysis,  the  authors  were 
able  to  associate  this  increasing  risk 
with  exposure  to  arsenic  and  lead  but 


not  cadmium.  This  finding,  however, 
could  be  due  in  part  to  the  study 
protocol  for  choosing  controls.  Cases 
and  controls  were  matched  by  date  of 
hire,  but  because  controls  were  required 
to  have  ten  years  of  follow-up  and  to 
survive  the  matched  case,  cases  and 
controls  may  have  been  inadvertently 
matched  on  cadmium  exposure  as  well. 

The  entire  Armstrong  and  Kazantzis 
cohort  was  studied  again  by  Kazantzis 
and  associates  (Ex.  8-684).  In  this 
update,  the  authors  followed  the 
workers  for  an  additional  five  years. 
Seventy-five  additional  cases  of  lung 
cancer  were  observed,  resulting  in  a 
significant  excess  of  mortality  due  to 
lung  cancer  for  both  the  additional  five 
year  period  (SMR=134;  95%  Cl =103- 
164)  and  the  entire  study  period 
(Obs =277;  Exp =240.9;  SMR=115;  95% 

Cl =101-129). 

The  increased  lung  cancer  risk 
occurred  mainly  among  those  first 
employed  before  1940,  and  the  risk 
increased  with  length  of  employment 
and  length  of  follow-up.  The  majority  of 
lung  cancer  deaths  were  among  workers 
employed  in  the  non-ferrous  smelter 
studied  by  Ades  and  Kazantzis.  This 
worksite  provided  over  60%  of  the  total 
study  population,  but  its  workers’ 
exposures  were  characterized  only  as 
low  or  medium.  No  exposures  in  the 
smelter  were  characterized  as  high. 

Over  the  entire  study  period,  there 
was  a  statistically  significant  excess  of 
mortality  due  to  stomach  cancer 
(Obs =98;  Exp =70.8;  SMR=139;  95% 

Cl =111-166).  Of  the  98  deaths  observed, 
22  occurred  during  the  five  years  of 
added  follow-up,  giving  a  statistically 
significant  excess  of  stomach  cancer 
mortality  for  that  five  year  period 
(SMR=179;  95%  Cl =112-271). 

Dr.  Kaztanzis  testified  that  there  were 
other  major  illnesses,  in  addition  to 
cancer  of  the  lung,  considered  a  priori  to 
be  possibly  related  to  cadmium 
exposure  that  needed  to  be  evaluated  in 
this  large  cohort  study.  These  included 
chronic  bronchitis  (chronic  obstructive 
airway  disease)  and  emphysema,  among 
others  (Tr.  6/8/90). 

According  to  Dr.  Oberdorster,  who 
testified  at  the  hearing,  OSHA  did  not 
discuss  the  important  finding  of  the 
Armstrong  and  Kazantzis  study,  that 
there  was  a  high  risk  of  dying  from 
bronchitis  in  the  group  of  “ever  high" 
Cd-exposed  workers. 

According  to  Dr.  Oberdorster,  this  is 
an  important  health  effect  of  Cd 
exposure,  reconfirmed  in  an  updated 
study  by  Kazantzis,  and  it  deserves 
more  attention  (Tr.  6/6/90,  pp.  153-246) 
because:  “Increased  cell  proliferation 
rates  which  can  be  assumed  to  be 
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present  in  the  workers  with  chronic 
bronchitis  could  indeed  be  an  important 
risk  factor  in  carcinogenesis  (Ex.  31, 
Attachment  D).”  Furthermore,  Dr. 
Oberdorster  stated,  "Dying  from 
bronchitis  is  comparable  to  dying  from 
lung  cancer.”  (Ex.  31,  p.  4) 

The  update  included  the  diseases 
considered  to  be  important  by  Dr. 
Kazantzis.  The  results  of  the  study 
confirmed  a  significant  excess  risk  from 
bronchitis  related  to  intensity  of 
exposure.  The  SMR  for  workers 
classified  as  having  "ever  high” 
exposures  was  382  (Obs.  =  13;  Exp.  =  3.4, 
95%  Cl  =  203-654).  The  SMR  for  workers 
classified  as  having  “ever  medium” 
exposures  was  146  (Obs.  =  25, 

Exp.  =  17.1,  95%  Cl =94-215.  The  SMR 
for  workers  classified  as  having  always 
low  exposures  was  123  (Obs.=140, 

Exp.  =  114.3,  95%  Q =102-143).  The 
bronchitis  SMR  for  the  entire  cohort  was 
statistically  significantly  elevated 
(SMR=132,  Obs.  =  178,  Exp.=134.9,  95% 
Cl  =  113-151). 

In  response  to  questions  during  the 
hearing  about  the  marked  excess  of 
mortality  from  bronchitis  which  showed 
a  strong  relation  to  both  intensity  and 
duration  of  exposure  that  was  observed 
in  his  follow-up  study,  Dr.  Kazantzis 
agreed  that  the  dose  response  is 
cadmium-exposure-related.  Dr. 

Kazantzis  stated  that: 

I  find  it  very  difficult  to  account  for  that  in 
any  other  way  other  than  the  cadmium 
exposure  *  *  *  our  study  has  *  *  *  a  very 
high  proportion  of  low  exposed  workers, 
nevertheless,  we  have  found  this  very 
marked  dose  response  relationship.  (Tr.  6/8/ 
90) 

The  Cadmium  Council  has  argued  that 
the  studies  by  Kazantzis  “failed  to 
establish  a  clear  association  between 
cadmium  exposure  and  lung  cancer,”  in 
part  because  the  studies  failed  to 
adequately  control  for  exposure  to  other 
carcinogens  such  as  a^enic  and  nickel 
(Ex.  19-43).  The  Council  questioned  the 
link  between  cadmium  exposure  and 
prostate  cancer  because  no  cases  of 
prostate  cancer  were  observed  in  the 
medium-  or  high-exposure  groups.  The 
Kazantzis  5-year  update  also  found  no 
prostate  cancer  in  these  exposure 
groups  (Ex.  8-684,  p.  18). 

A  new  update  of  this  cohort  is 
currently  underway  (Ex.  L-140-50,  pp. 
701-702).  According  to  Dr.  Kazantzis: 

The  mortality  experience  of  the  cohort  is 
currently  being  followed  up  for  an  additional 
5-year  period.  Preliminary  analysis  of 
mortality  from  lung  cancer  for  the  first  three 
of  five  years  confirmed  a  significantly 
increased  lung  cancer  risk  for  the  total  study 
period  from  1942-1987,  but  a  significant 
excess  lung  cancer  risk  was  no  longer  seen  in 
the  high  exposure  group  (Kazantzis,  1990). 


At  present,  however,  this  study  has 
not  been  published  and  the  paper  has 
not  been  submitted  into  the  record  for 
analysis  of  the  methodology  used  in  the 
study. 

6.  Studies  of  the  Swedish  Cadmium- 
Nickel  Battery  Factory  Cohort 

In  an  update  of  an  earlier  study  by 
Kjellstrom  et  al  (Ex.  4-48),  Elinder  et  al 
examined  the  mortality  experience  of 
545  male  workers  at  a  Swedish 
cadmium-nickel  battery  factory  (Ex.  4- 
25).  While  no  statistically  significant 
excess  of  mortality  due  to  any  type  of 
cancer  was  observed,  the  auOiors 
reported  that  the  SMRs  for  cancers  of 
the  lung,  prostate,  and  bladder 
increased  with  time  since  initial 
exposure  (i.e.  latency)  among  workers 
with  at  least  5  years  of  exposure.  Thus, 
for  lung  cancer,  the  SMR,  was  133  for 
the  entire  cohort,  but  for  workers  with  at 
least  five  years  of  exposure,  the  SMR 
was  163  after  10  years  latency  and  175 
after  20  years  latency.  For  prostate 
cancer,  the  SMR  was  108  for  the  entire 
cohort,  but  for  workers  with  at  least  5 
years  of  exposure,  the  SMR  was  125 
after  10  years  latency  and  148  after  20 
years  latency.  For  bladder  cancer,  the 
SMR  was  181  for  the  entire  cohort,  but 
for  workers  with  at  least  5  years  of 
exposure,  the  SMR  was  222  after  10 
years  latency  and  250  after  20  years 
latency. 

This  study  was  updated  in  1990  by 
Jarup  et  al.,  (referenced  in  Ex.  L-140-50). 
A  statistically  significant  increase  in 
lung  cancer  mortality  was  reported 
among  nickel-cadmium  battery  workers, 
using  regional  rates  and  20  years  latency 
(SMR  =  232). 

7.  Studies  of  Two  UJK.  Copper- Cadmium 
Alloy  Plant  Cohorts 

A  mortality  study  of  330  men 
employed  in  two  factories 
manufacturing  copper  alloys  was 
conducted  by  Holden  in  1980  (Ex.  4-39). 
Plant  A  was  in  operation  from  1922  to 
1966,  and  plant  B  was  in  operation  since 
1925.  Holden  reported  that  104  men  in 
his  cohort  had  been  medically  evaluated 
over  time,  and  in  1953,  22%  were  found 
to  have  chronic  cadmium  poisoning; 
eleven  workers  had  both  emphysema 
and  proteinuria;  eight  had  proteinuria 
alone;  and,  four  had  emphysema  alone. 
Holden's  mortality  study  indicated  that 
in  plant  B,  the  respiratory  cancer  SMR 
[International  Classification  of  Diseases, 
8th  Revision  (ICD-8);  1CD  160-163]  was 
222  (Obs.=8;  Exp. =4.5)  using  the 
population  of  England  and  Wales  as  a 
comparison  population.  When  death 
rates  for  the  urban  district  in  which  the 
plant  is  located  were  used,  the  SMR  was 
187  (Obs.=10;  Exp. =6). 


The  mortality  experience  of  these 
workers  was  subsequently  followed  up 
by  Armstrong  and  Kazantzis  in  1982  in  a 
report  to  the  International  Lead  Zinc 
Research  Organization  (Ex.  8-603).  In 
that  report,  the  authors  included  those 
cases  from  the  study  performed  by 
Holden  which  satisfied  the  selection 
criteria  of  the  Armstrong  and  Kazantzis 
study.  The  lung  cancer  SMRs  for  this 
group  of  workers  were  87  for  the  control 
group,  114  for  the  medium  exposure 
group,  and  72  for  the  high  exposure 
categories.  The  mortality  experience  of 
these  workers  was  combined  with  that 
of  workers  from  16  other  plants.  The 
results  of  the  follow-up  study  are 
included  in  the  discussion  of  the  studies 
of  the  17  U.K.  plant  cohort  above. 

8.  Studies  of  the  U.S.  Cadmium  Smelter 
Cohort  (Globe) 

One  of  the  strongest  studies 
supporting  the  evidence  of  the 
carcinogenicity  of  cadmium  in  humans 
comes  from  the  mortality  study  of 
cadmium  smelter  workers  at  the  Globe 
plant  in  Denver,  Colorado.  Previous 
studies  of  workers  in  this  plant  were 
conducted  by  Varner  (Ex.  8-649)  and  by 
Lemen  et  al.  (Ex.  4-81). 

This  population  was  first  studied  by 
Lemen  et  al.  (Ex.  4-61)  who  found  a 
statistically  significant  excess  of  deaths 
due  to  malignant  neoplasms  (i.e.  cancer). 
Lemen’s  study  population  consisted  of 
292  white  male  workers  with  a  minimum 
of  two  years  employment  between  1940 
and  1969.  Of  these  workers,  27  died  of 
malignant  neoplasms  whereas  only  17.57 
deaths  from  this  cause  were  expected 
(SMR  =  154;  p=.05).  Twelve  of  the  27 
deaths  were  due  to  respiratory  cancer 
whereas  only  5.11  were  expected 
(SMR =235),  and  this  excess  was  also 
statistically  significant  (p<.05). 

Focusing  of  the  lung  cancer  incidence, 
Lemen  found  that  the  rates  increased 
with  time  since  first  exposure  and  that 
the  highest  rates  were  observed  in 
workers  with  more  than  30  years  of 
follow-up.  Lemen  also  found  an  excess 
of  deaths  due  to  prostate  cancer,  but  this 
excess  was  statistically  significant  only 
when  the  analysis  was  restricted  to 
workers  with  at  least  20  years  since  first 
exposure  (Obs=4;  Exp =1.15; 

SMR  =  347;  p<85).  Lemen’s  study  was 
followed  by  a  study  by  Varner  (Ex.  8- 
649).  The  Varner  cohort  consisted  of  644 
workers  with  at  least  six  months  of 
employment  at  the  Globe  smelter 
between  1940  and  1969.  The  cohort  was 
followed  through  1981.  Mortality  data 
was  analyzed  using  Standardized  Cause 
Ratios  (SCRs).  Statistically  significant 
excesses  of  mortality  due  to  lung  cancer, 
urinary  tract  cancer,  specific  bladder 
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cancers,  and  total  cancers  were 
observed.  Mortality  due  to  prostate 
cancer  was  elevated,  but  the  excess  was 
not  statistically  significant. 

Cumulative  cadmium  exposures  were 
estimated  for  each  member  of  the  cohort 
using  personal  monitoring 
measurements  made  from  1973  through 
1976.  Exposures  measured  during  this 
period  were  assumed  to  be  constant  for 
the  entire  period  of  study.  The  cohort 
was  divided  into  a  low  exposure  group 
(0-4  mg/m3-years),  a  middle  exposure 
group  (5-15  mg/m3-years),  and  a  high 
exposure  group  (16+  mg/m3-years).  The 
observed  SCRs  for  lung  cancer  deaths 
for  each  exposure  group  were:  95  for  the 
low  dose  group,  159  for  the  middle  dose 
group,  and  332  for  the  high  dose  group. 
The  observed  SCRs  for  all  cancer  deaths 
for  each  exposure  group  were:  108  for 
the  low  dose  group,  123  for  the  middle 
dose  group,  and  168  for  the  high  dose 
group.  A  dose-response  relationship  was 
observed  between  cadmium  exposure 
and  lung  cancer  and  between  cadmium 
exposure  and  total  cancers. 

Varner  attributed  the  observed  excess 
of  lung  cancer  deaths  to  arsenic 
exposure  and  cigarette  smoking  but  did 
not  present  any  data  on  smoking  and 
arsenic  exposures  by  dose  group.  There 
was,  therefore,  little  reason  to  assume 
that  these  confounders  did  not  affect  all 
three  exposure  groups  to  at  least  some, 
if  not  the  same,  degree.  There  was  no 
evidence  that  smoking  was  more 
common  among  cadmium  workers  than 
among  the  general  population  and 
therefore  that  the  observed  lung  cancer 
excess  was  associated  with  increased 
smoking. 

Varner’s  study  was  followed  up  by 
Thun  et  al.,  (Ex.  4-68).  Originally,  Thun 
followed  602  white  males  who  had  spent 
at  least  6  months  in  a  production  area  of 
the  smelter  between  1940  and  1969. 
Workers  were  followed  through  1978. 
The  mortality  status  of  all  but  12 
workers  (2%)  was  determined:  411  were 
still  alive  (69%)  and  179  had  died  (29%). 
Deceased  workers  for  whom  no  death 
certificate  was  located  were  assumed 
dead,  as  specified  in  the  protocol,  with 
the  cause  of  death  unknown.  Persons 
lost  to  follow-up  were  assumed  to  be 
alive. 

From  1886  to  1919,  the  Globe  plant 
was  a  lead  smelter,  and  from  1920  to 
1926,  it  was  an  arsenic  smelter.  Twenty- 
six  of  the  602  workers  had  been  hired 
prior  to  1926.  These  workers  were 
omitted  from  subsequent  analyses.  Most 
analyses  were  limited  to  the  remaining 
576  workers. 

Worker  exposures  were  estimated  by 
Smith  et  al.,  who  based  his  estimates  on 
historical  area  monitoring  data  adjusted 
to  reflect  the  actual  exposures  of 


workers  wearing  respirators  (Ex.  4-64). 
Using  Smith’s  exposure  estimates  and 
company  personnel  records,  Thun 
calculated  cumulative  dose  estimates  for 
each  worker  in  his  cohort. 

Thun  analyzed  his  data  using  a 
modified  life-table  method  developed  by 
National  Institute  of  Occupational 
Safety  and  Health  (NIOSH).  Expected 
rates  were  calculated  from  the  U.S. 
population  and  were  adjusted  for  age, 
sex,  race,  and  calendar  time.  Both 
standardized  mortality  ratios  (SMRs) 
and  standardized  risk  ratios  (SRRs) 
were  examined.  To  analyze  his  data  by 
cumulative  exposure,  Thun  divided  his 
cohort  into  three  groups  chosen  prior  to 
analysis  of  the  data.  These  groups 
corresponded  to  the  recommended 
exposure  limits  that  were  in  existence  at 
the  time  the  study  was  conducted.  The 
low  dose  group  consisted  of  workers 
with  cadmium  exposure  at  584  jx/m3- 
days  or  less,  the  equivalent  to  forty 
years  of  exposure  at  less  than  or  equal 
to  40  fi/m3.  This  cumulative  dose 
corresponded  to  the  NIOSH 
recommended  exposure  level  at  that 
time.  The  upper  limit  of  the  middle  dose 
group,  i.e.,  40  years  of  exposure  between 
41  and  200  p./m3,  was  chosen  to 
correspond  to  the  upper  limit  allowed  by 
OSHA.  The  high  dose  group  was  chosen 
as  40  years  of  exposure  at  greater  than 
200  n/m3.  Thun  also  identified  for 
separate  analysis  a  subset  of  the  low 
exposure  group  of  his  cohort  in  which 
the  40-year  TWA  equivalent  exposures 
ranged  from  21-40  fi/m*. 

Thus,  the  update  of  this  cohort  by 
Thun  et  al.,  (Exs.  4-68  and  8-658a) 
included  estimates  of  cadmium 
exposures  and  an  evaluation  of  the 
mortality  experience  of  the  workers  in 
the  cohort  by  SMRs  per  dose  group.  An 
excess  of  lung  cancer  mortality  was 
observed  in  relation  to  cadmium 
exposure. 

Forty-three  percent  of  the  workers  had 
less  than  2  years  of  employment. 
Follow-up  time  was  long:  82.5%  had 
more  than  20  years  of  follow-up  and 
66.3%  had  more  than  30  years  of  follow¬ 
up.  Among  the  entire  cohort  of  602 
workers,  a  statistically  significant 
excess  of  deaths  due  to  respiratory 
cancer  (Obs=20;  Exp =12.15;  SMR=165; 
Cl =101-254)  and  deaths  due  to  non- 
malignant  gastrointestinal  disease 
(Obs=9;  Exp =2.35;  SMR=383;  Cl =175- 
727)  was  observed.  All  deaths  due  to 
lung  cancer  occurred  in  workers  with 
more  than  two  years  of  employment. 
When  the  analysis  was  restricted  to  the 
576  workers  hired  after  1928,  the  excess 
of  lung  cancer  death  was  no  longer 
statistically  significant  (Obs=16; 

Exp =10.88:  SMR=147).  When  the 
analysis  of  these  576  workers  was 


further  restricted  to  those  workers  with 
two  or  more  years  of  employment,  the 
observed  excess  was  statistically 
significant  (Obs=16;  Exp =7.00; 
SMR=229;  Cl =131-371). 

Analysis  of  all  the  576  workers  hired 
after  1926  indicated  that  the  incidence  of 
lung  cancer  death  increased  with  dose. 

A  statistically  significant  dose-response 
relationship  existed  between  cumulative 
exposures  to  cadmium  and  lung  cancer 
mortality.  Among  the  low  dose  group, 
there  was  a  non-significant  deficit,  i.e. 
lower  than  expected,  of  lung  cancer 
deaths  (Obs=2;  Exp  =  3.77;  SMR=53; 
p=0.28;  SRR=0.48;  See  Table  VI-14). 
Among  the  subset  of  the  low  exposure 
group  with  exposures  equivalent  to  21- 
40  jx/m3  over  40  years,  the  lung  cancer 
SMR  was  100  and  the  SRR  was  96.  For 
the  middle  dose  group,  a  non-significant 
excess  of  lung  cancer  was  observed 
(Obs=7;  Exp =4.61;  SMR =152; 
SRR=1.55).  For  the  high  dose  group,  the 
excess  of  lung  cancer  deaths  was 
statistically  significant  (Obs=7; 

Exp =2.5;  SMR =280;  Cl =113-577; 

SRR =3.45).  Thun  reported  that  this 
dose-response  trend  was  also  observed 
when  the  analysis  was  restricted  to 
workers  with  more  than  20  years  since 
first  exposure.  The  regression  slope  of 
the  SRR  for  lung  cancer  was  statistically 
significant  indicating  that  an  increase  in 
cadmium  exposure  is  producing  a  real 
increase  in  the  risk  of  lung  cancer. 

Thun  et  al.,  also  observed  a  significant 
increase  in  death  from  non-malignant 
gastrointestinal  disease  (NMGID),  9 
observed  versus  2.35  expected.  The 
death  certificates  for  six  of  these 
individuals  suggested  peptic  ulcer 
disease.  For  those  hired  after  1926,  there 
was  a  significant  linear  trend  between 
increased  cadmium  exposure  and  the 
SRR  from  NMGID.  The  authors  thought 
this  observation  was  noteworthy  in  light 
of  previously  reported  associations 
between  cadmiurn  exposure  and  severe 
gastrointestinal  irritation  in  humans. 

A  non-statistically  significant  excess 
of  genitourinary  cancer  was  observed 
for  the  entire  cohort  first  employed  after 
1928  (Obs=6;  Exp  5=  4.45;  SMR =135; 

Cl =49-293).  Three  of  these  deaths  were 
from  prostate  cancer.  The  observed 
mortality  from  prostate  cancer  exceeded 
the  expected,  but  the  excess  was  not 
statistically  significant  (Obs  =  3; 

Exp =2.2;  SMR =136).  There  were  two 
other  cases  of  prostate  cancer,  however, 
which  Thun  did  not  include  in  his 
analysis.  One  of  these  was  a  death  from 
prostate  cancer  which  occurred  in  a 
guard  who  had  not  spent  6  months  in  a 
production  area  of  the  smelter.  The 
second  case  was  not  included  because 
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prostate  cancer  was  not  the  underlying 
cause  of  death. 

Subsequent  to  the  publication  of  his 
study  in  1985,  an  analysis  based  on  an 
updated  cohort  was  presented  by  Dr. 
Thun  at  a  workshop  on  cadmium  and 
cancer  in  London,  England  (Ex.  8-658a). 
The  updated  study  of  the  same  Globe 
cadmium  smelter  included  an  evaluation 
of  the  mortality  experience  of  the 
cadmium  workers  through  1984  (Ex.  8- 
658a).  The  extended  follow-up  study 
included  625  white  male  workers  with 
six  or  more  months  in  a  production  area 
between  1940  and  1969.  The  cohort  was 
essentially  the  same  as  that  previously 
described  except  for  the  addition  of  23 
new  workers  who  met  the  eligibility 
criteria.  These  additional  new  workers 
included  in  the  follow-up  through  1984 
were  identified  through  further 
examination  of  the  records  of  the  Globe 
facility  (Tr.  6/7/90,  p.  108). 

Forty-three  percent  of  the  workers  had 
less  than  2  years  of  employment 
Follow-up  time  was  long;  85%  had  more 
than  20  years  of  follow-up.  By 
December,  1984,  234  workers  were 
deceased;  this  represented  fifty-five 
additional  deaths  since  the  previous 
NIOSH  study.  Thun  et  al.,  found  that 
among  workers  with  two  or  more  years 
of  employment  hired  after  1926,  a 
statistically  significant  excess  of  deaths 
due  to  respiratory  cancer  persisted 
(Obs=24;  Exp =10.7;  SMR=223; 

Cl =143-332).  No  lung  cancer  deaths 
occurred  among  workers  who  were 
employed  for  less  than  two  years.  The 
excess  of  deaths  from  lung  cancer  was 
statistically  significant  for  the  new 
period  of  observation,  1979-84  (Obs=8; 
Exp  =  3.19;  SMR = 251;  90%  Cl =108-^94) 
(Ex.  8-658a).  The  excess  of  deaths  due 
to  prostatic  cancer  was  statistically  non¬ 
significant  (Obs=4;  Exp =2.35; 

SMR =170;  Cl =46-436). 

Vital  status  was  known  for  all  but 
fifteen  members,  or  for  98%,  of  the 
updated  population  study  (8-658a). 
Deceased  workers  with  no  death 
certificates  were  assumed  dead,  as 
specified  in  the  protocol,  with  the  cause 
of  death  unknown.  Persons  lost  to 
follow-up  were  assumed  to  be  alive. 
Vital  status  determination  was, 
therefore,  adequate  for  epidemiological 
analyses. 

With  the  updated  cohort.  Thun  again 
analyzed  his  data  using  a  modified  life- 
table  method  developed  by  NIOSH,  with 
expected  rates  being  calculated  from  the 
U.S.  population,  and  adjusted  for  age, 
sex.  race,  and  calendar  time.  To  analyze 
his  data  by  cumulative  exposure,  Thun 
again  divided  his  cohort  into  the  same 
three  groups.  The  results,  like  the  earlier 
study,  indicated  that  the  incidence  of 
lung  cancer  death  increased  with 


cadmium  exposure.  The  follow-up  study 
had  eight  additional  cases,  more  stable 
exposure  estimates,  and  its  findings 
were  consistent  with  the  earlier  study. 
Among  the  low  dose  group,  there  was  a 
nonsignificant  deficit  of  lung  cancer 
deaths  (Obs  =  2;  Exp =6.06;  SMR  =  33; 
p=0.06).  For  the  middle  dose  group, 
with  cadmium  exposures  that  ranged 
from  41  p/m3-200  /i/m3  for  a  forty  year 
TWA  equivalent,  there  was  a 
statistically  significant  excess  of  lung 
cancer  (Obs=13;  Exp=6.80;  SMR  =  191, 
p<.05).  For  the  high  dose  group,  the 
excess  of  lung  cancer  deaths  was  also 
statistically  significant  (Obs=9; 

Exp  =  3.32;  SMR  =  271;  p<.02).  The 
observation  that  frequency  of  lung 
cancer  increased  with  the  dose  or  level 
of  exposure  lends  support  to  a  causal 
interpretation  between  lung  cancer  and 
exposure  to  cadmium. 

Thun  included  two  additional 
analyses  in  the  updated  report.  The  first 
of  these  was  a  comparison  of  the  three 
original  dose  groups  with  SMRs  that 
were  calculated  using  local  Colorado 
lung  cancer  death  rates  as  the  referent 
population.  Among  the  low  dose  group, 
there  was  a  nonsignificant  deficit  of  lung 
cancer  deaths  (Obs=2;  Exp=4.37; 

SMR =46;  p=0.19).  For  the  middle  dose 
and  high  dose  groups,  the  SMRs  are  35- 
40%  higher  than  in  the  analysis  using  the 
U.S.  rates.  In  the  middle  dose  group,  the 
SMR  was  263  (Obs=13;  Exp=4.95; 
p< 0.005,  one-sided),  and  in  the  high 
dose  group  the  SMR  was  373  (Obs=9; 
Exp=2.42;  p<0.005  one-sided).  This 
indicates  that  the  lung  cancer  risks 
estimated  using  national  death  rates  as 
the  comparison  population  may  be  an 
underestimate  of  the  true  risk. 

In  its  comparison  of  results  from 
different  epidemiological  studies,  OSHA 
relied  upon  the  SMRs  calulated  using 
expected  death  rate  derived  using 
national  death  rates.  Thun  did  the  same 
in  most  of  his  analyses,  primarily  to 
facilitate  comparability  of  results 
between  the  different  epidemiological 
studies. 

In  the  second  analysis,  Thun  provided 
a  more  detailed  breakdown  of  dose- 
response,  including  six  exposure  strata 
developed  by  dividing  each  of  the  three 
previous  strata  in  half.  SMRs  for  lung 
cancer  were  developed  using  a 
comparison  with  the  U.S.  mortality;  the 
resultant  slope  was  linear  and  was 
comparable  to  the  results  of  original 
analyses. 

Studies  of  the  Globe  workers  are 
particularly  useful  for  assessing  the 
carcinogenicity  of  cadmium  in  humans 
for  four  reasons.  First,  the  cohort  was 
highly  exposed  to  cadmium.  Second, 
information  was  available  for  the 
prolonged  follow-up  of  lung  cancer  (85% 


of  the  workers  had  20+  years  of  follow¬ 
up).  Third,  extensive  exposure 
information  was  available  from  good 
industrial  hygiene  records  which  could 
be  linked  to  work  histories.  This 
allowed  the  computation  of  cumulative 
individual  exposures  to  cadmium  for 
each  worker  included  in  the  cohort. 
Finally,  additional  information  was 
available  on  tobacco  smoking  habits  of 
workers  and  on  arsenic  exposures  at  the 
workplace.  This  allowed  some  control 
for  the  potential  confounding  effects  of 
these  known  risk  factors  for  lung  cancer. 

*  Dr.  Thun  noted  that:  *  *  *  for  a  small 
study,  the  strength  of  the  exposure,  the 
intensity  of  the  exposure  is  one  of  its  major 
advantages.  The  second  has  been  the 
opportunity  for  prolonged  follow-up, 
and  *  *  *  85  percent  of  the  cohorts  have  had 
at  least  20  years  observation  since  first 
exposure  to  cadmium,  and  the  entire  cohort 
has  had  15  years.  (Tr.  6/7/90,  p.  89) 

Because  Thun’s  analyses  of  the  Globe 
workers  showed  the  clearest  association 
between  cadmium  exposure  and  lung 
cancer,  it  was  his  work  which  drew  the 
most  comments  during  the  rulemaking. 

a.  Power.  In  commenting  on  the 
proposed  cadmium  rule.  Environ  noted 
that  from  the  standpoint  of  the  size  and 
power,  Thun’s  study  does  not  compare 
favorably  with  some  of  the  other 
epidemiologic  studies  that  have  been 
conducted  (Ex.  12-41).  The  power  of  a 
study  relates  to  its  ability  to  detect  an 
effect.  In  so  far  as  Thun’s  cohort  was 
relatively  small,  Environ’s  observation 
is  correct.  The  power  to  detect  a  true 
excess  relative  risk  of  2.0  or  greater  was 
0.893  or  89%  when  the  experience  of  the 
entire  cohort  was  considered.  When  the 
analysis  was  limited  to  the  experience 
of  workers  employed  from  1926  on,  the 
power  to  detect  a  doubling  of  risk  was 
0.86  or  86%.  The  probability  of  detecting 
a  smaller  increase  in  risk  is  even 
smaller.  For  example,  the  power  to 
detect  a  true  excess  risk  of  only  1.5,  the 
power  was  only  0.44. 

In  general,  power  calculations  are 
used  to  evaluate  possible  reasons  why  a 
study  failed  to  show  an  increased  risk  of 
a  particular  cause  of  death.  When  a 
study  is  conducted  and  the  results  show 
an  increased  risk  of  a  particular  cause  of 
death,  as  did  Thun’s  study,  the 
hypothetical  probability  of  the  study  to 
detect  an  excess  is  irrelevant  and  a 
power  calculation  is  not  necessary. 
Therefore,  the  power  of  the  Thun  study 
is  not  an  issue. 

b.  Case  status.  Another  issue  raised 
by  Environ  was  whether  two  deaths 
observed  in  the  Thun  update  should 
have  been  considered  lung  cancer  cases 
based  upon  a  recording  of  information 
on  the  death  certificate  (Ex.  19-43;  12- 
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41).  Lung  cancer  was  listed  on  the  part 
of  the  death  certificate  under  “other 
significant  conditions"  for  both  of  these 
cases,  but  the  immediate  cause  of  death 
was  coded  as  metastatic  brain  disease 
for  one  case  and  pneumonia  for  the 
other  case  (Ex.  8-658a). 

As  Dr.  Thun  indicated,  the  death 
certificate  information  was  somewhat 
ambiguous  for  these  two  cases  in  the 
update.  The  hospital  records  for  both  of 
these  individuals  indicated  that  lung 
cancer  was  the  underlying  disease.  Two 
of  three  nosologists  were  of  the  opinion 
that  the  underlying  cause  of  death  on 
the  death  certificate  should  have  been 
coded  to  lung  cancer.  Thus,  there  is 
some  disagreement  as  to  the  correct 
coding  of  the  cause  of  death  for  these 
two  individuals  for  purposes  of 
epidemiologic  study.  Thun  considered 
the  coding  of  these  two  deaths  to  be 
ambiguous  because  metastatic  brain 
disease  could  theoretically  originate  in 
the  lung  or,  theoretically,  in  the  brain, 
even  though  metastases  from  a  primary 
cancer  in  the  lung  are  common  while 
metastases  from  a  primary  brain  tumor 
are  exceedingly  rare  (Ex.  8-658a). 

Regarding  the  appropriateness  of  the 
inclusion  of  these  two  cases  in  a  study 
of  lung  cancer,  another  commentor 
stated  that  no  one  was, 

“*  *  *  questioning  the  fact  that  (these) 
two  men  *  *  *  died  as  a  consequence 
of  lung  cancer  (SCM  Chemicals;  Ex.  12- 
33-D).”  The  question  is  one  of 
comparability  of  lung  cancer  cases  with 
the  referent  population. 

Thun  et  al.,  concluded  that,  although 
some  disagreement  existed  among 
nosologists  about  appropriate  coding 
methodologies  for  cause  of  death,  in  the 
analyses  of  the  data  by  exposure  group 
it  would  be  appropriate  only  to  include 
these  two  cases  of  lung  cancer  in 
internal  comparisons  within  the  cohort 
unless  similar  cases  were  included  in 
the  compilation  of  vital  statistics  upcn 
which  expected  rates  of  death  were 
based  (8-650a).  However,  a3  Thun  also 
reported,  if  the  two  lung  cancer  cases 
were  subtracted  from  the  appropriate 
dose  group,  the  dose-response 
relationship  and  the  trend  would  remain 
basically  the  same  (Tr.  6/7/90  p.  94).  In 
comparisons  with  the  external  U.S. 
population  (Ex.  33)  as  Thun  indicated 
(Ex.  8-658a)  even  if  these  two  cases  are 
excluded,  the  excess  of  lung  cancer  is 
still  statistically  significant  among 
workers  in  the  update  employed  for  two 
or  more  years  (Obs= 22;  Exp  =  10.70; 
SMR  =  204;  Cl  =  128-810). 

c.  Deficit  of  lung  cancer  in  the  low 
dose  group.  Several  commenters  stated 
that  the  finding  of  a  deficit  of  lung 
cancer  deaths  in  the  low  dose  group 
demonstrated  that  there  was  no 


carcinogenic  risk  from  cadmium 
exposures  below  40  p/m3,  since; 

*  *  *  the  statistically  significant  excess 
occurred  only  for  a  cumulative  exposure 
equivalent  to  40  years  of  exposure  above  the 
current  OSHA  PEL  of  200  p/m*  (SCM 
Chemicals;  Ex.  19-42A). 

Further 

This  (deficit)  would  indicate  that  there  is  a 
difference  between  workers  exposed  to  high 
levels  of  cadmium  and  workers  exposed  to 
low  levels  of  cadmium  (Big  River  Zinc 
Corporation;  Ex.  19-30). 

Mr.  George  M.  Obeldobel,  Vice 
President  and  General  Manager  of  Big 
River  Zinc  Corporation  (BRZ),  the  third 
largest  zinc  producer  in  the  U.S.  and  the 
largest  cadmium  producer  in  North 
America,  took  exception  to  the  Thun 
study  as  evidence  of  the  carcinogenicity 
of  cadmium  in  humans: 

*  *  *  the  data  showed  a  strong  difference 
between  workers  exposed  to  low  levels  and 
high  levels  of  cadmium,  i.e.,  workers  exposed 
to  the  equivalent  of  40  years  exposure  at: 

(a)  21-40  fig/m3  respirable  cadmium,  showed 
only  two  cases  of  lung  cancer  versus  an 
expected  3.77  cases  (again,  /ess  than  the 
general  population). 

(b)  41-200  fig/m3  respirable  cadmium, 
showed  seven  cases  versus  an  expected 
4.61  cases.  (Ex.19-38). 

Dr.  Thun  addressed  this  issue  in  his 
testimony: 

The  deficit  is  an  artifact  because  this 
population  of  workers  *  *  *  is  being 
compared  with  the  U.S.  population.  The 
deficit  is  *  *  *  not  from  any  protective 
effect  of  low  levels  of  cadmium  exposure  (6/ 
7/90,  p.  187). 

Furthermore,  Dr.  Thun  continued: 

This  finding  *  *  *  should  not  be 
interpreted  as  showing  a  “safe”  level  of 
cadmium  exposure  (Ex.  33  p.  13). 

Thun  indicated  that  there  are  at  least 
three  factors  which  could  explain  the 
finding  of  a  deficit  in  the  low  dose 
group: 

(1)  The  healthy  worker  effect; 

(2)  Race  status  of  the  referent 
population;  and 

(3)  Smoking. 

These  factors  are  discussed  in  detail 
below  as  they  pertain  to  both  the  finding 
of  a  deficit  in  the  low  dose  group  and 
the  finding  of  excess  lung  cancer  deaths 
among  cadmium  exposed  workers  in 
general.  As  discussed  in  section  VI 
(QRA),  OSHA  notes  that  the  deficit  is 
not  statistically  significant  and  may, 
therefore,  be  attributed  to  random 
fluctuation. 

i.  Healthy  worker  effect  The  "healthy 
worker  effect”  is  evidenced  by  studies 
which  show  that  active  workers 
experience  a  mortality  risk  less  than 
that  of  the  general  population  which 


includes  sick,  disabled,  and 
institutionalized  persons.  Workers  tend 
to  be  healthier  than  the  general 
population.  Comparison  of  mortality 
among  workers  to  that  of  the  general 
population  would  bias  the  results 
toward  an  underestimation  of  risk. 

OSHA  received  comment  on  the 
appropriateness  of  attributing  a  “healthy 
worker  effect”  (HWE)  to  cancer  SMRs. 
The  Cadmium  Council  (Ex.  119)  stated 
that  the  healthy  worker  effect  (HWE) 
could  not  sufficiently  explain  the  deficit 
in  the  low  dose  group  since  this  effect 
has  little  application  to  cancer.  In  the 
post  hearing  brief  by  the  Cadmium 
Council,  the  studies  on  the  HWE  put 
forth  by  OSHA  (Ex.  8-677;  Ex.  50  a  and 
b)  were  questioned  as  to  their  relevance 
to  cancer  mortality  or  were  faulted  for 
being  studies  of  veterans,  whose 
comparability  with  workers  had  not 
been  established. 

According  to  a  study  by  McMichael 
(Ex.  8-677),  the  HWE  may  not  apply 
equally  to  all  causes  of  death.  As 
McMichael  stated,  “*  *  *  if  one 
attempts  to  improve  the  meaningfulness 
of  an  SMR  by  adjusting  for  the  HWE, 
allowance  must  be  made  for  variation 
between  different  *  *  *  causes  of 
death  (Ex.  8-677).” 

McMichael  conducted  analyses  of 
data  generated  by  Milham  (1974)  in  a 
study  of  carpenters  and  joiners. 
McMichael's  conclusion  was  that  the 
HWE  does  tend  to  create  lower  SMRs 
(60-90%)  among  cohorts  of  workers 
when  the  U.S.  population  is  used  as  a 
referent  population.  In  two  other 
submissions  to  the  docket  on  the  HWE, 
the  issue  of  the  applicability  of  the  HWE 
to  cancer  SMRs,  in  particular,  was 
further  examined.  The  first  of  these,  a 
study  by  Dr.  Monson  (Ex.  50-A), 
suggests  that  a  HWE  lasts  for  about  15 
to  25  years  after  first  exposure, 
depending  on  the  cause  of  death  and  the 
occupational  group  being  followed. 

Dr.  Monson  stated: 

*  *  *  it  has  long  been  observed  that 
groups  of  employed  persons  have  mortality 
rates  that  are  lower  than  the  general 
population.  This  favorable  mortality 
experience  has  been  termed  the  healthy 
worker  effect  (HWE).  Uncertainty  about  the 
strength  and  extent  of  the  HWE  has  led  to 
uncertainty  in  interpreting  data  from  studies 
in  which  the  mortality  rate  of  an  employed 
group  is  compared  with  the  mortality  rate  of 
the  general  population.  (Ex.  50-A.) 

Monson  studied  ten  groups  of  workers 
in  order  to  evaluate  the  strength  of  the 
HWE  on  various  causes  of  death.  He 
noted  that  while  the  healthy  worker 
effect  was  relatively  weak  In 
comparison  to  causal  excesses,  and  that 
there  was  a  difference  between  the 
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strength  of  the  HWE  for  different  causes 
of  death,  there  was,  nonetheless,  no 
evidence  of  a  lack  of  HWE  on  cancer 
SMRs. 

A  second  study  by  Drs.  Sterling  and 
Weinkam  (Ex.  50b)  examined  the  extent, 
persistence,  and  constancy  of  the  HWE 
by  selected  causes  of  death  including 
cancer.  Sterling  and  Weinkam  chose  to 
evaluate  the  data  from  the  Dom  Study 
of  Mortality  Among  U.S.  Veterans 
because:  (1)  Veterans  who  were  selected 
to  serve  in  the  armed  forces  qualified  for 
such  duty  because  they  had  health 
status  comparable  to  that  of  workers 
seeking  employment:  and  (2)  subsequent 
to  termination  of  service,  not  all 
veterans  would  enter  the  same 
occupation.  Thus,  the  high  risks  of 
disease  among  veterans  from 
occupational  exposures  in  hazardous 
occupations,  in  each  cause-specific- 
death  group  would  tend  to  be  balanced 
by  the  inclusion,  in  the  same  group,  of 
veterans  with  low  risks  of  disease  from 
non-hazardous  occupations.  As  a  result, 
the  influence  of  confounding  from  job 
exposures  on  the  evaluation  of  the  HWE 
would  be  minimal.  Sterling  and 
Weinkam  observed  a  persistent  HWE 
for  all  causes  that  did  not  substantially 
weaken  over  time.  For  lung  cancer 
specifically,  the  HWE  persisted  at  least 
through  age  74  years.  For  ages  70-74.  the 
lung  cancer  mortality  ratio  was  0.72;  It 
was  less  than  this  for  younger  aged 
veterans. 

For  the  reasons  stated  by  Sterling  and 
Weinkam,  OSHA  considers  the  choice 
of  the  study  group  by  Sterling  and 
Weinkam  to  be  an  adequate  and 
suitable  reference  group  for  assessing 
the  influence  of  the  HWE  on  specific 
causes  of  death,  including  cancer. 

Overall  based  on  the  above 
mentioned  references,  the  HWE  appears 
to  be  relevant  to  cancer  SMRs.  and  thus 
is  relevant  to  Dr.  Thun’s  study  of 
cadmium  exposed  workers  though  the 
strength  of  the  effect  may  differ  for 
different  cancer  diagnoses  and  depends 
upon  other  factors  relevant  to  the  cohort 
N  under  study  such  as  age  at  time  of  hire. 

OSHA  agrees  with  the  Cadmium 
Council  that,  in  and  of  itself,  the  HWE 
may  not  be  sufficient  to  explain  the 
finding  of  a  deficit  of  lung  canper  in  the 
low  dose  group  in  the  Thun  study. 
However,  the  HWE  in  conjuntion  with 
the  lower  rates  of  smoking  and  lower 
background  lung  cancer  death  rates  of 
the  exposed  population,  plus  statistical 
.  variability  may  all  combine  to  account 
for  the  deficit  of  lung  cancer  mortality. 

ii.  Hispanic  surname.  Reduced 
tobacco  use  among  workers  is  another 
plausible  explanation  for  the  deficit  of 
lung  cancer  SMR  observed  in  the  low 
dose  exposure  group.  This  does  not 


mean  that  the  low  dose  group  smoked 
less  than  the  other  exposure  groups. 
Rather,  smoking  in  all  of  the  exposure 
groups  was  less  than  the  general 
population,  and,  as  Dr.  Thun  concluded, 
the  HWE  was  therefore  much  more 
extreme  (Tr.  6/7/90;  p.  102).  Dr.  Thun 
based  this  conclusion  on  the  fact  that 
slightly  less  than  40%  of  the  workers  at 
the  Denver  cadmium  plant  had  Hispanic 
surnames.  Hispanics,  in  general  are 
known  to  smoke  less  than  other  white 
males  and  thus  to  have  lower  rates  of 
lung  cancer  than  other  U.S.  white  males. 
As  Dr.  Thun  stated,  “Several  studies 
have  shown  low  rates  of  lung  cancer 
among  Hispanic  males  in  the  Southwest, 
and  particularly  in  Denver  (Tr.  6/7/90,  p. 
98)." 

Dr.  Thun’s  conclusion  is  supported  by 
a  study  by  Dr.  Savitz,  (Ex.  57-N),  who 
found  that  in  Denver  between  1969  and 
1971,  Hispanics  had  a  lung  cancer 
incidence  that  was  less  than  that  of 
other  white  males.  Cancer  incidence 
rates  for  persons  of  Spanish  surname 
and  other  whites  in  the  Denver  area 
were  derived  for  two  time  periods,  1969- 
71  and  1979-81.  Lung  cancer  death  rates 
among  males  with  Spanish  surnames 
increased  from  23.1  per  100,000  person- 
years  in  1969-71  to  45.6  in  1979-81,  as 
compared  to  other  white  males  whose 
rates  increased  from  57.0  to  68.9  in  the 
same  time  period.  While  lung  cancer 
was  substantially  less  common  among 
those  with  Spanish  surnames  compared 
to  other  white  men,  there  was  a 
convergence  of  the  rates.  The 
convergence  of  the  rates  could  be 
attributed,  according  to  the  author,  to, 
among  other  things,  acculturation  of 
persons  with  Spanish  surnames,  the 
imperfection  of  Spanish  surname  as  an 
indicator  of  ethnicity,  or  systematic 
error  due  to  miscounting  of  illegal 
immigrants.  While  acculturation  could 
explain  the  change  in  trends,  the  authors 
concluded  that  Spanish  surname  was 
not  likely  to  explain  the  convergence  of 
rates.  Spanish  surname  identifiers 
appeared  to  be  consistent  for  both  cases 
and  the  reference  population  across  the 
two  time  periods.  The  systematic  error 
in  enumeration  of  immigrants,  however, 
would  tend  to  inflate  the  cancer  rates, 
since  the  referent  population  would  be 
less  likely  to  be  counted  correctly  than 
would  the  cancer  cases. 

By  comparing  the  death  rates  among 
the  Globe  cadmium  workers,  a  group 
that  included  a  mix  of  workers  with 
Hispanic  and  non-Hispanic  surnames,  to 
U.S.  white  male  lung  cancer  death  rates, 
the  expected  number  of  lung  cancer 
deaths  would  be  overestimated,  and  the 
occupational  effect  of  cadmium  on  lung 
cancer  would  be  underestimated.  The 
percent  of  the  workers  with  Hispanic 


surnames  in  the  low  dose  group  was 
38.5%;  the  percent  of  the  workers  in  the 
middle  dose  group  with  Hispanic 
surnames  was  41.5%;  and,  the  percent  of 
the  workers  in  the  high  dose  group  with 
Hispanic  surnames  was  32.2%  (Ex.  33). 
The  mixture  of  cadmium  workers  with 
Hispanic  and  non-Hispanic  surnames 
was  similar  between  the  three  dose 
groups.  To  the  extent  that  Hispanic 
surname  reflects  ethnicity,  and  that 
Hispanics  smoke  less  and  have  lower 
lung  cancer  death  rates  than  U.S.  white 
males,  it  is  unlikely  that  differences  in 
ethnic  group  would  have  caused  a 
significant  impact  on  the  SMRs  between 
dose  groups,  i.e.,  in  the  low  dose  group 
alone.  Thus,  it  appears  as  though  Dr. 
Thun’s  suggested  use  of  Hispanic 
surname  is  a  plausible  method  by  which 
to  estimate  the  effect  of  ethnicity  on  the 
lung  cancer  SMRs  in  his  cohort. 

An  additional  study  of  the  impact  of 
differences  in  lung  cancer  mortality 
between  Hispanic  and  non-Hispanic 
workers  at  the  Globe  plant  was  carried 
out  by  the  National  Institute  for 
Occupational  Safety  and  Health 
(NIOSH)  (Ex.  79).  NIOSH  presented  a 
lung  cancer  mortality  analysis  based 
upon  the  most  recent  follow-up  of  the 
Thun  et  al.,  cadmium  cohort  through 
1984.  The  life  table  analysis  used  in  this 
assessment  was  stratified  into  four 
cumulative  dose  categories,  i.e.,  <584. 
585-1460, 1461-2920,  and  >2921  mg/m3- 
days)  and  three  “time-since-first- 
exposure”  categories,  i.e.,  <10, 10-19, 
and  20+  years.  Separate  life-table 
analyses  were  performed  for  members 
of  the  cohort  with  Hispanic  and  non- 
Hispanic  surnames.  For  the  lung  cancer 
SMRs.  U.S.  rates  for  white  males  were 
used  as  the  referent  group. 

The  results  from  the  life-table  analysis 
indicated  that  lung  cancer  mortality  was 
similar  to  Dr.  Thun’s  findings,  i.e.,  lung 
cancer  SMRs  were  not  significantly 
elevated  for  the  entire  cohort 
(SMR =149;  Obs=24;  Exp =16.07;  95% 

Cl  =  95,  222;  p=.076.  2  tailed  test). 
However,  among  white  males,  lung 
cancer  mortality  was  significantly 
elevated  (SMR =211;  Obs=21; 

Exp =9.95;  95%  0=131.323;  p<-01).  A 
deficit  of  lung  cancer  mortality  was 
found  among  Hispanics  (SMR =49; 

Obs  =  3:  Exp =6.12)  as  would  be 
expected  if  the  referent  rates  for  U.S. 
white  males  reflect  people  who  smoked 
more  than  people  with  Hispanic 
surnames.  Lung  cancer  mortality 
increased  with  cumulative  exposure  to 
cadmium,  and  was  significantly 
elevated  in  the  highest  exposure  group 
for  the  combined  cohort  (SMR =272; 
Obs=9:  Exp =3.3;  p<.05)  and  for  the 
three  highest  exposure  groups  among 
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non-Hispanics.  A  significant  excess  of 
lung  cancer  mortality  was  also  observed 
among  workers  in  the  longest  "time- 
since-first-exposure”  category  for  the 
combined  cohort  (SMR=161;  Obs=21; 
Exp  =  12.97;  p<0.05,  two-tailed  test)  and 
for  non-Hispanics  (SMR=233;  Obs  =  19; 
Exp =8.13;  p<.01,  two-tailed  test).  The 
finding  of  a  statistically  significant 
excess  of  lung  cancer  among  non- 
Hispanics,  and  a  deficit  among 
Hispanics,  further  strengthens  Dr. 

Thun’s  conclusions  that  the  deficit  of 
lung  cancer  in  the  low  dose  group  could, 
in  fact,  result  from  an  excess  of  workers 
with  Hispanic  surname  in  the  cohort  in 
comparison  with  the  referent  population. 

The  issue  of  the  use  of  the  percent  of 
Hispanic  workers  in  the  exposed 
population  to  evaluate  the  confounding 
effects  of  smoking  was  questioned  by 
the  Cadmium  Council  during  the 
reopening  of  the  record  (Ex.  144-16). 
According  to  the  Cadmium  Council, 
during  an  LARC  Symposium  in  1991, 
information  was  provided  that 
Hispanics  who  smoke  do  so  with  the 
same  frequency  as  non-Hispanics.  The 
difference  is  only  that  workers  with 
Hispanic  surnames  tend  to  underreport 
smoking  habits  (Ex.  144-16).  This 
opinion  by  the  Cadmium  Council  was 
apparently  based  upon  a  document 
prepared  by  Dr.  Lamm,  in  which  Dr. 
Lamm  summarized  the  results  of  the 
IARC  International  Symposium  (Ex.  144- 
7).  No  document  which  represented 
LARC’s  formal  conclusions  was 
submitted  to  the  OSHA  docket. 

However,  if  people  with  Hispanic 
surnames  do  in  fact  underreport  their 
habits,  it  is  not  possible  to  determine 
whether  the  underreporting  itself  could 
account  for  the  differences  in  smoking 
observed  between  white  males  and 
males  with  Hispanic  surnames  in  the 
Thun  cohort.  If  smoking  habits  between 
white  males  and  males  with  Hispanic 
surnames  are  indeed  similar, 
nonetheless,  lung  cancer  rates  in  general 
are  lower  among  males  with  Hispanic 
surnames  than  among  white  males  (Ex. 
57-N).  The  important  factor  in  the 
analysis  by  Thun  et  al.,  is  that  the 
proportion  of  males  with  Hispanic 
surnames  included  in  each  dose 
category  was  approximately  equal. 

Thus, -any  potential  confounding  effect 
of  the  inclusion  of  a  large  number  of 
males  with  Hispanic  surnames  was 
equally  distributed  over  dose  categories, 
yet  the  potential  confounding  effects  did 
not  override  the  dose-response 
relationship  observed  between  lung 
cancer  excesses  and  cadmium 
exposures. 

iii.  Smoking.  Thun  provided  direct  and 
indirect  evidence  for  his  position  that 


the  workers  in  his  study  smoked  less 
than  the  general  U.S.  population  by 
noting  the  absence  of  elevated  rates  of 
death  for  other  smoking-related  diseases 
in  his  cohort.  As  Dr.  Thun  stated, 
“(Cardiovascular  disease)  *  *  *  is  often 
a  good  marker  of  smoking  habits  (Tr.  6/ 
7/90,  p.  101).”  Dr.  Thun  found  that  death 
rates  from  cardiovascular  disease  were 
about  two-thirds  that  of  the  general 
population  (SMR=65;  Obs=56, 

Exp =85.7). 

Dr.  Kazantzis,  who  testified  as  an 
expert  witness  for  the  Cadmium 
Council,  agreed  that  indirect  evidence 
such  as  the  finding  of  a  significant 
deficit  of  major  diseases  related  to 
cigarette  smoking,  such  as  cerebral- 
vascular  disease  and  other 
cardiovascular  diseases,  would  be  a 
factor  that  must  be  taken  into 
consideration  in  evaluating  the 
relationship  between  smoking  and  lung 
cancer  excesses.  In  the  absence  of  direct 
evidence  on  smoking  habits  of  members 
of  a  study  cohort,  Dr.  Kazantzis  agreed 
that  such  indirect  evidence  might  argue 
against  cigarette  smoking  as  the  major 
factor  associated  with  observed  excess 
lung  cancer  (Tr.  6/8/90). 

Furthermore,  the  HWE  could  have 
affected,  and  thus  lowered,  the  SMRs  for 
ischemic  heart  disease  in  this 
occupational  cohort  because  heart 
disease  is  more  likely  to  be  selected 
against  in  the  recruitment  and  retention 
of  active  workers  (Ex.  8-677).  Thus,  it 
would  appear  that  smoking  was  not  so 
prevalent  among  cadmium  workers  in 
the  Thun  study  that  its  effects  would 
override  the  HWE  on  heart  disease 
rates.  Dr.  Thun  stated  that: 

*  *  *  one  of  the  implications  of  the  lower 
smoking  habits  of  this  population  [the  Denver 
cadmium  workers]  is  that  one  should  not 
interpret  SMRs  below  100  in  the  low  dose 
group  as  *  *  *  a  safe  or  threshold  level  for 
cadmium  *  *  *  [W]hat  those  levels  reflect  is 
a  lower  background  risk  of  lung  cancer 
among  these  workers  due  to  *  *  *  less 
smoking  than  the  U.S.  general  population 

*  *  *  (Tr.  8/7/90,  p.  102) 

Dr.  Thun  also  evaluated  direct  evidence 
on  smoking  habits  obtained  from  a  1982 
questionnaire.  Responses  were  provided 
by  surviving  workers  or  their  next  of 
kin,  and  were  supplemented  by  medical 
records.  These  responses  showed  that 
although  the  majority  of  Hispanic 
workers  smoked,  most  were  light 
smokers.  These  light  smokers  reported 
smoking  fewer  cigarettes  per  day  than 
white  males.  As  for  other  white  male 
workers  at  the  plant,  if  anything,  they 
smoked  slightly  less  than  white  males  in 
the  general  U.S.  population  (Tr.  6/7/90, 
p.  100).  As  Dr.  Thun  indicated,  use  of  the 
data  from  the  questionnaire  was 
somewhat  limited  because  the 


questionnaire  obtained  smoking 
information  on  only  43%  of  the  overall 
cohort,  and  the  missing  information 
pertained  primarily  to  the  low  and 
medium  dose  groups  (74%  and  47%, 
respectively).  Without  comparable 
smoking  information  for  each  of  the 
dose  groups,  controlling  for  smoking 
based  on  the  direct  evidence  from  the 
questionnaire  might  produce  biased 
results,  either  towards  over  or 
underestimating  the  effects  of  smoking 
on  the  SMRs  for  each  dose  group. 

There  have  been  differences  of 
opinion  as  to  the  value  of  smoking  data 
and  different  estimates  of  the  number  of 
packs  smoked  (Tr.  6/7/90,  p.  183;  Ex.  8- 
658a).  Lack  of  data  on  smoking  in  the 
low  dose  groups,  however,  made  these 
data  less  valuable  than  data  on 
Hispanic  surnames  because  workers 
with  Hispanic  surnames  were  evenly 
distributed  in  the  three  exposure  groups. 

Dr.  Thun  stated  that  the  use  of  an 
internal  analysis  would  yield  a  valid 
estimate  of  the  effect  of  occupational 
exposure  (Tr.  6/7/90,  p.  72).  Such  an 
analysis  was  conducted  by  NIOSH  for 
risk  assessment  purposes  (Ex.  79).  In 
this  study,  NIOSH  presented  results 
from  modelling  of  the  dose-response 
relationship  between  cadmium 
exposures  and  lung  cancer  mortality  and 
projected  risks  associated  with  varying 
levels  of  cadmium  exposure.  (See 
Poisson  regression  models  fitted  to  the 
“5-year  lagged  analysis.’’)  The 
parameter  estimates  for  the  categorical 
model  represented  the  effect  of  each 
category  relative  to  the  low  dose 
category  (<584  mg/m^-days).  The  issue 
of  the  use  of  internal  controls  by  NIOSH 
will  be  dealt  with  further  under  the 
Quantitative  Risk  Assessment  Section. 

OSHA  received  several  comments  on 
NIOSH’s  analysis.  During  the  1992  LARC 
International  Symposium,  the  NIOSH 
analysis  was  questioned  as  to  whether  it 
provides  a  biologically  reasonable 
explanation  of  the  data  (Ex.  144-16). 
However,  this  comment  was  not  from  a 
formal  document  of  the  IARC 
International  Symposium  (Ex.  144-7). 

A  similar  issue  was  raised  by  Dr. 

Starr  during  the  hearing  (Ex.  38).  Dr. 
Thomas  Starr  commented  that  “OSHA 
should  redo  its  analysis  with  the 
individual  person-year  information 
collected  by  Thun  et  al.,”  noting  that  the 
latter  data  were  only  very  crudely 
characterized  by  the  median  cumulative 
exposure  for  each  category  (Ex.  38).  He 
also  recommended  that  “OSHA  should 
reanalyze  the  Thun  et  al.,  (Ex.  4-68)  data 
with  the  multistage  dose-response 
approach  model  utilizing  an  approach 
similar  to  that  described  by  Crump  and 
Howe  (1984).”  The  NIOSH  risk 
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assessment  and  subsequent  addendum 
(Exs.  L-140-20,  L-163)  incorporated  both 
of  these  recommendations.  OSHA’s  use 
of  additional  models  is  further  discussed 
in  its  section  on  quantitative  risk 
assessment.  (See  section  VI.) 

iv.  Conclusions.  In  summary,  OSHA 
notes  that  the  finding  of  a  deficit  in  lung 
cancer  in  the  low  dose  group  may  have 
resulted  from  other  factors,  such  as  the 
healthy  worker  effect,  lower  smoking 
rates,  and  Hispanic  ethnicity  as  noted 
by  Dr.  Thun.  The  deficit  should  not  be 
interpreted  as  an  absence  of  lung  cancer 
risk  at  doses  of  cadmium  less  than  40  p./ 
m*. 

d.  Smoking  and  Arsenic  in  the  Thun 
Cohort.  The  roles  of  smoking  and 
arsenic  as  causes  for  the  excess  lung 
cancers  observed  in  the  Thun  study 
were  the  focus  of  many  of  the  comments 
received  by  OSHA.  These  concerns 
were  primarily  related  to  the  findings  of 
a  study  by  Lamm  et  al.,  1988,  which 
purported  to  show  that  there  was  no  link 
between  cadmium  exposure  and  cancer 
(Exs.  19-43E,  12-13a,  12-33d,  and  12- 
33e).  For  example,  the  Cadmium  Council 
reiterated  its  earlier  argument  that  the 
Thun  study  failed  to  control  for  smoking, 
citing  the  case-control  study  by  Dr. 
Lamm  which,  in  the  Council’s  view, 
demonstrated  an  association  between 
smoking  and  cancer  but  not  between 
cadmium  and  cancer.  The  Cadmium 
Council  also  stated  that  ENVIRON  peer- 
reviewed  the  Lamm  study  and 
“endorsed  its  conclusions".  Several 
other  commenters  made  observations 
similar  to  those  of  the  Cadmium  Council 
(Ex.  19-43;  12-33e). 

i.  Lamm’s  case-control  analysis.  Dr. 
Lamm  conducted  a  case-control  study 
(Exs.  19-43e  and  144-7b),  in  which  he 
attempted  to  replicate  the  data  used  in 
the  mortality  study  by  Thun  et  al.,  (Ex. 
144-7b).  Dr.  Lamm  identified  599  of  the 
602  white  males  in  the  Thun  et  al.,  study 
(144— 7b),  which  included  all  of  the  lung 
cancer  cases  previously  identified  in  the 
Thun  et  al.,  study.  Eligibility  for  both  the 
Thun  et  al.,  and  the  Lamm  case-control 
studies  was  the  same.  The  workers  had 
to  have  been  employed  over  six  months 
in  the  cadmium  smelter  production 
areas"*  *  *  during  1940-1969"  (144-7a). 
Dr.  Lamm  used  a  "nested"  case-control 
design  of  25  cases  of  lung  cancer 
matched  with  75  controls  from  the  entire 
cohort  of  602  workers  included  in  the 
Thun  et  al.,  study. 

The  case-control  study  was  used  to 
evaluate  lung  cancer  and  the 
contribution  of  arsenic  and  smoking  as 
well  as  cadmium  to  the  lung  cancer 
deaths  (Ex.  19-43e).  Dr.  Lamm  matched 
cases  with  controls  on  age,  race,  sex, 
and  date-of-hire  (Ex.  144-7b).  Cadmium 
exposures  for  both  cases  and  controls 


were  estimated  using  NIOSH’s  original 
exposure  estimates,  which  Thun 
calculated  for  each  employee  at  his 
worksite.  Smoking  histories  were 
obtained  by  company  personnel  from 
interviews  and  company  records  for 
about  43%  of  the  cohort  (Ex.  19-43e). 

Based  on  data  from  597  workers  in 
this  plant,  Lamm  identified  three  time 
periods  of  potential  arsenic  exposure 
(Ex.  12-33e),  or  period-of-hire  risk 
factors  (Ex.  144-7b).  Based  on  25  cases 
of  lung  cancer  and  75  controls,  and  using 
the  cadmium  exposures  developed  by 
Thun  et  al.,  the  arsenic  feedstock  data, 
and  the  previously  identified  period-of- 
hire  risk  factors,  the  relationships 
between  lung  cancer  deaths  and 
cadmium  exposures,  smoking,  arsenic, 
and  period-of-hire,  respectively,  were 
independently  evaluated. 

ii.  The  smoking  argument.  Based  on 
the  amount  of  tobacco  consumed  (pack- 
years  per  employee).  Dr.  Lamm  found 
that  the  relative  case-to-control  smoking 
history,  for  workers  with  known 
smoking  history,  was  2.5,  with  a  range 
from  1.6-8.3  (Ex.l2-33-e).  When  Dr. 
Lamm  categorized  workers  as  ever/ 
never  smoked,  the  odds  ratio  for 
smoking  as  a  lung  cancer  risk  factor  was 
8.2  (Fisher’s  exact  test  two-tailed; 

p =0.047;  95%  Cl:  1.04  to  367.05).  Based 
upon  these  analyses,  Lamm  concluded 
that  cigarette  smoking  was  responsible 
for  the  elevated  lung  cancer  risk 
observed  among  the  cohort  (Ex.  12-33- 
e). 

Dr.  Thun  stated  that  the  missing  data 
on  smoking  (available,  for  example,  for 
only  57%  of  controls;  see  Section  VI — 
QRA.)  made  it  invalid  to  use  these 
individual  smoking  histories  in  case 
control  analyses  (Tr.  6/7/90;  p.  101). 
While  smoking  clearly  affects  lung 
cancer  rates  in  general,  it  does  not 
account,  in  and  of  itself,  for  the  lung 
cancer  excesses  observed  in  Thun’s 
study,  based  on  Dr.  Lamm's  analysis.  Dr. 
Thun  indicated  that  the  preferred 
evaluation  of  smoking  status  and  its 
effects  on  lung  cancer  death  rates  would 
be  to  use  Hispanic  surname  or  an 
internal  analysis  to  control  for  both  the 
confounding  due  to  the  HWE  and 
smoking. 

OSHA  is  of  the  opinion  that  the 
smoking  data  from  the  questionnaire 
survey  were  limited  and  should  not  have 
been  used  alone  in  the  case-control 
study  to  evaluate  the  effects  of  smoking. 
If  smoking  were  a  main  cause  of  lung 
cancer,  one  would  not  expect  a  deficit  of 
lung  cancer  in  the  low  dose  group. 
Smoking  would  elevate  these  rates,  too. 

iii.  The  arsenic  argument.  A  second 
analysis  by  Dr.  Lamm  entailed  examing 
lung  cancer  deaths  (SMRs)  for  the  entire 
Thun  et  al.,  cohort,  including  workers 


employed  before  January  1, 1926  (Ex.  19- 
43e;  Ex.  12-33e;  Ex.  144-7b).  For  this 
analysis,  Dr.  Lamm  merged  data  from 
the  Thun  et  al.,  study  with  data  from  the 
plant  owners.  Mean  arsenic 
concentrations  in  the  feedstock  for 
various  time  periods  were  calculated 
based  on  a  10%  sample  of  arsenic 
feedstock  records  (Ex.  19-43e).  Dr. 

Lamm  indicated  that  there  were  three 
critical  calendar  time  periods  of 
potential  arsenic  exposure  based  on  the 
arsenic  exposure  concentration  in  the 
feedstock.  These  three  periods  were 
characterized  as;  prior  to  1926,  very 
high;  1926-39,  high;  and  1940-69, 
moderate  to  low.  The  reductions  in 
exposures  by  calendar  time  period 
resulted  from  changes  in  plant 
processes.  Arsenic  exposures,  it  was 
assumed  by  Dr.  Lamm,  occurred 
uniformly  throughout  the  plant. 

Dr.  Lamm  then  examined  the  SMRs 
for  lung  cancer  by  period  of  hire.  He 
found  that  for  workers  hired  prior  to 
1926,  the  SMR  was  492  (Obs=3, 

Exp =0.61);  for  workers  hired  between 
1926  and  1939,  the  SMR  was  283 
(Obs=6,  Exp  =  2.12);  and,  for  workers 
hired  between  1940-69,  the  SMR  was  88 
(Obs=8,  Exp=9.08).  A  full  discussion  of 
the  lung  cancer  response  among  workers 
hired  prior  to  1940  is  included  in  Section 
VI — QRA.  Dr.  Lamm  concluded  from 
these  findings  that  the  lung  cancer  risk 
appeared  to  reflect  arsenic  exposure 
confounded  by  cigarette  smoking. 
Addressing  Dr.  Lamm’s  conclusions,  Dr. 
Thun  stated  that: 

The  conclusions  (by  Dr.  Lamm)  *  *  *  go 
well  beyond  the  data  presented  *  *  *  the 
first  conclusion  implies  that  the  average 
arsenic  concentration  in  feedstock  being 
processed  by  the  Globe  plant  is  5%.  This 
statement  is  incorrect  *  *  *  in  actuality,  the 
mean  annual  arsenic  concentration 
(geometric  mean)  of  the  feedstock  after  1927 
averaged  between  2-3%  with  the  exception  of 
the  year  1930  (5.6%)  and  1931  (4.9%).  Lamm 
and  co-workers  also  imply  that  arsenic 
exposure  is  generalized  throughout  the  plant. 
In  fact,  arsenic  exposure  is  limited  to  the 
early  steps  of  the  process,  in  the  sampling, 
calcine,  and  roasting  areas  *  *  *.  In  our 
opinion,  arsenic  exposure  may  have 
contributed  to  the  excess  of  lung  cancer 
deaths  at  the  Globe  plant,  but  this 
contribution  has  been  overstated  by  the 
spokesmen  for  the  cadmium  industry.  (Ex.8- 
645.) 

Furthermore,  Dr.  Thun  commented 
that  the  feedstock  data  that  Dr.  Lamm 
used  was: 

*  *  *  based  *  *  *  upon  visual  impressions  of 
records  of  arsenic  in  feedstock  entering  the 
plant  Dr.  Lowell  White,  a  former  employee  of 
the  company,  compiled  the  estimates  of 
arsenic  concentration,  by  year  *  *  *.  We 
(NIOSH)  have  obtained  the  records  of  arsenic 
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in  feedstock  from  the  company  and  have 
analyzed  the  data  through  1958  *  *  ‘.The 
calculated  geometric  means  do  show  shghtly 
higher  values  during  the  years  1930-38  than 
thereafter,  but  the  averages  are  lower  than 
those  estimated  by  the  company  scientists. 
(Ex.  8-058a.) 

In  other  words,  as  Dr.  Thun  indicated 
during  the  hearings; 

(Dr.  White)  sort  of  eyebaQed  the  sample  of 
records.  But  we  obtained  the  actual  records 
and  analyzed  them  and  determined  the 
geometric  mean  and  the  percentage  of  arsenic 
in  feedstock  that  was  actually  present  is 
shown  *  *  *  under  NIOSH  calculations.  (Tr. 
6/7/90.  p.  104). 

Mr.  George  M.  Obeldobel  Vice 
President  and  General  Manager  of  Big 
River  Zinc  Corporation  (BRZ),  the  third 
largest  zinc  producer  in  the  U.S.  and  the 
largest  cadmium  producer  in  North 
America,  took  exception  to  the  Thun 
study  on  the  carcinogenicity  of  cadmium 
in  humans: 

Without  including  the  *  *  *  20  workers 
[who  had  worked  at  the  smelter  prior  to  1920 
when  the  smelter  functioned  as  an  arsenic 
smelter]  *  *  *  the  excess  of  lung  cancer 
death  was  not  statistically  significant, 
suggesting  that  arsenic  played  a  large 
confounding  role  in  the  data.  (Ex.  19-38). 

Although  the  lung  cancer  SMR  was 
not  statistically  significant  for  the  total 
cohort  hired  after  1926  (SMR=147; 

Obs  =  16;  Exp =10.87;  95%  Cl =84,239), 
according  to  the  Thun  study,  hing  cancer 
mortality  was  significantly  elevated 
among  workers  with  two  or  more  years 
of  exposure. 

The  fact  that  the  lung  cancer  SMR  for 
the  total  cohort  was  not  significant, 
however,  does  not  indicate  that  the 
arsenic  exposures  had  a  more 
significant  effect  than  anticipated  by  Dr. 
Thun.  Dr.  Thun  excluded  workers  hired 
prior  to  1928  to  control  the  effects  of 
arsenic  exposure  within  the  cohort  The 
true  effect  of  excluding  these  workers 
hired  prior  to  1926,  as  Dr.  Thun 
indicated,  would  be  to  reduce  the 
potential  confounding  among  the 
cadmium  workers  for  arsenic,  not  to 
entirely  eliminate  its  effect. 

The  continuing  controversy  about  the 
exposure  assessment  used  by  Dr.  Thun 
and  the  potential  for  arsenic 
confounding,  centered,  in  part,  around 
whether  or  not  the  arsenic  exposures  in 
the  plant  were  similar  for  all  cadmium 
exposed  workers,  (i.e.  whether  the 
amount  of  arsenic  per  worker  was 
similar  between  dose  groups  in  the 
dose-response  analysis). 

As  Dr.  Thun  has  stated; 

*  *  *  the  arsenic  exposure  occurred  only  in 
departments  that  processed  incoming  feed 
material:  sampling,  mixing,  roasting,  and 
calcine  furnace  area.  Other  stages  of  the 
process  are  housed  in  separate  buildings 


where  workers  were  exposed  to  cadmium  but 
not  to  arsenic.  It's  important  to  emphasize  the 
localized  areas  of  arsenic  exposure  at  this 
plant  which  differ  from  the  more  generalized 
exposure  in  arsenic  and  copper  smelters. 
Company  representatives  have  drawn 
analogies  between  the  Globe  plant  and  the 
Tacoma  copper  smelter,  but  the  difference  is 
that  arsenic  exposure  was  generalized  in 

*  *  *  these  other  plants  and  is  highly 
localized  in  [the  Globe]  plant  (Tr.  8/7/90,  p. 
105). 

Thun’s  evaluation  of  the  entry  level  and 
tong-term  jobs,  and  their  associated 
arsenic  exposures,  was  indirectly 
confirmed  by  Mr.  Robbins,  of  the  Globe 
ASARCO  plant.  The  areas  of  the  plant 
where  the  highest  exposures  to  cadmium 
occurred  were  in  the  retort  furnace  and 
pre-meh  areas  (Tr.  6/12/90,  p.  55). 

As  Mr.  Robbins  indicated; 

*  *  *  the  area  of  the  retort  *  *  *  [primarily 
cadmium  exposures]  *  *  *  is  one  of  the  areas 
that  we’re  very  concerned  about  product 
quality.  So  it’s  important  to  have  experienced 
people  *  *  *  working  in  that  job.  And  it's  my 
sense  that  the  turnover  rate  is  fairly  low 

*  *  *  (Tr.  0/12/9O,  p.  47). 

The  highest  arsenic  exposures  would 
have  occurred  in  the  solution  charging 
area,  which  was  in  the  "front-end”  of 
the  process.  Workers  in  these  areas,  as 
well  as  the  solution  area,  would 
historically,  have  been  considered  to  be 
in  entry  level  jobs  according  to  Mr. 
Robbins  (Tr.  6/12/90,  p.  51).  The  area  in 
which  the  “quality”  of  the  cadmium 
compound  was  of  most  importance 
would  not  have  been  entrv-level 
positions,  with  some  arsenic  exposures. 

Furthermore,  when  the  Globe  plant 
had  the  Godfrey  roasting  and  calcine 
operations,  those  were  the  highest  areas 
for  arsenic  exposure  and  would  have 
been  entry  level  positions  as  well, 
although  there  would  have  been  some 
cadmium  exposures  in  these  areas.  Mr. 
Robbins  stated: 

Thun  was  looking  at  historical  exposures  at 
the  Globe  plant  and  there  was  a  time  when 
Globe  had  Godfrey  roasters  *  *  *  that  are  no 
longer  there  *  *  *  [TJhere  would  have  been 
job  categories  that  aren't  here  that  would 
have  been  here  20  years  ago  *  *  *  (Tr.  0/12/ 
90,  p.  47). 

In  response  to  questions,  Mr.  Robbins 
indicated  that  in  all  areas  that  workers 
had  exposures  to  high  levels  of  arsenic, 
the  workers  would  also  have  some 
exposure  to  cadmium.  However,  the 
high  cadmium  exposure  operations, 
which  require  long-term,  skilled 
professionals,  generally  do  not  have 
arsenic  exposures.  Thus,  there  clearly 
were  work  areas  which  were 
predominantly  cadmium  exposure  areas 
where  there  was  no  arsenic  exposure 
(the  retort  furnace  and  pre-melt 
sections).  In  addition,  there  were  work 


areas  with  high  arsenic  exposure  and 
some  cadmium  exposure  (currently  the 
solution  charging  areas  and  historically 
both  the  solution  charging  and  high 
purity  production  areas.) 

This  would  mean  that  while  all  the 
workers  in  the  Thun  et  aL,  cohort  could 
have  had  some  exposure  to  arsenic  in 
entry  level  job  positions,  the  arsenic 
exposures  would  tend  to  be  equal 
among  the  workers  and  across  exposure 
categories  as  Dr.  Thun  indicated.  In 
each  of  the  cumulative  cadmium 
exposure  dose  groups,  the  arsenic 
exposure  per  worker  would  not  increase 
as  cadmium  exposures  increased. 

When  questioned  about  whether 
arsenic  and  cadmium  exposures  were 
truly  independent  Dr.  Thun  responded: 

They’re  not  completely  independent.  There 
is  some  independence  because  when  workers 
would  move  to  other  departments  like  retort 
and  foundry  in  which  cadmium  exposures 
were  substantial,  they  would  be  exposed  to 
cadmium  but  no  arsenic.  (Tr.  0/7/90,  pp.  167- 
108). 

If  all  the  jobs  with  cadmium  exposure 
were  the  same  ones  that  had  arsenic 
exposures,  the  finding  of  a  dose- 
response  relationship  between  lung 
cancer  and  cumulative  doses  of 
cadmium  would  be  more  likely  to  be 
confounded  by  arsenic.  However,  there 
does  not  appear  to  be  a  perfect 
correlation  between  cadmium  and 
arsenic  exposure.  Thus,  the  finding  of  a 
dose-response  relationship  between 
lung  cancer  and  cadmium  exposure 
should  not  be  attributed  to  arsenic 
exposure,  either  in  part  or  in  total.  (Tr. 
8/8/92,  p.  147).  Thun  et  al.  conducted  an 
analysis  of  the  potential  magnitude  of 
the  effect  of  arsenic  and  concluded  that 
no  more  than  0.77  cancer  cases  could  be 
attributed  to  arsenic  (Ex.  4-68)  (See 
Section  VI-QRA). 

OSHA  received  the  comment  that  as 
late  as  1979,  this  plant  received  an 
OSHA  citation  for  levels  of  arsenic 
exceeding  100  p./ m3  (Ex.  12-41).  As  Dr. 
Thun  indicated: 

Only  six  industrial  hygiene  measurements 
were  made  in  these  (arsenic)  areas  before 
1975.  In  1950,  airborne  arsenic  concentrations 
ranged  from  300  to  700  p/m3  near  the  roasting 
and  calcine  furnaces,  the  areas  of  highest 
exposure.  Measurements  *  *  *  in  1979  *  *  * 
show  that  arsenic  exposures  in  these  areas 
had  decreased  to  about  100  p/m3  (Ex.  4-08). 

It  was  therefore  argued  that  arsenic 
should  be  considered  as  the  major  factor 
affecting  the  observed  elevated  hmg 
cancer  deaths  in  the  Thun  study  (L-19- 
59).  The  main  issue  was  that  Dr.  Thun’s 
assumptions  for  calculating  cumulative 
exposure  contained  a  number  of  errors 
that  would  tend  to  underestimate  the 
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risk  due  to  arsenic  and  overestimate 
cadmium's  risk  per  unit  of  dose. 

In  Thun's  analysis,  the  estimated 
number  of  cancer  deaths  that  would 
result  from  the  arsenic  exposures  in  this 
cohort  by  was  calculated  by  assuming: 

(1)  An  average  arsenic  exposure  of 
500  p,/m*  in  the  “high  arsenic”  areas; 

(2)  A  respirator  protection  factor  of 
75%,  similar  for  both  cadmium  and 
arsenic; 

(3)  An  estimated  20%  of  person-years 
of  exposure  spent  in  high-arsenic  jobs; 
and, 

(4)  An  average  employment  duration 
of  576  post-1926  workers  of  3  years  for 
1,728  person-years  of  exposure. 

As  described  in  section  VI-QRA,  Dr. 
Thun  concluded  that  no  more  than  0.77 
lung  cancer  cases  could  be  attributed  to 
arsenic  exposures,  based  on  estimated 
arsenic  exposures  and  using  the  risk 
assessment  model  developed  by  OSHA. 

Dr.  Lamm  (Ex.  L-19-59)  proposed  the 
following  alternative  assumptions  and 
arguments  regarding  exposures; 

(1)  The  appropriate  mid-range  of 
arsenic  exposure  levels  is  2,650  p./ m*; 

(2)  The  respirator  protection  factor 
should  be  1.00,  based  on  observations  of 
respirator  use  at  various  smelters 
(Globe,  Tacoma,  and  Anaconda); 

(3)  Employees  spent  67%  of  their 
cadmium  exposure  time  in  high 
cadmium  exposure  areas  and  47%  of 
that  time  was  spent  concurrently  in  high 
arsenic  exposure  areas,  meaning  that  an 
estimated  32%  of  person-years  of 
exposure  were  spent  in  high-arsenic 
jobs;  and, 

(4)  A  total  of  3,941  person-years  of 
cadmium  exposure. 

When  these  factors  are  taken 
together,  the  estimate  of  arsenic-induced 
lung  cancer  is  high.  Dr.  Lamm  stated, 

*  *  *  we  conclude  that  the  NIOSH  [Thunj 
estimate  of  0.77  cases  *  *  *  was  based  on  a 
vast  underestimate  *  *  *  (Ex.  L-19-59) 

Dr.  Thun  indicated  that  Dr.  Lamm’s 
analysis  included  several 
misconceptions  and  faulty  statistical 
procedures  which  caused  an 
overestimation  of  arsenic  exposure  at 
the  Globe  plant  (Ex.  L-140-23).  First,  the 
exposure  data  from  the  1940’s  to  which 
Dr.  Lamm  refers  come  from  a  survey  by 
the  University  of  Colorado,  Division  of 
Industrial  Hygiene,  dated  1945. 
According  to  Dr.  Thun,  Dr.  Lamm 
incorrectly  reported  the  mid-range  of 
these  exposure  data  as  being  8,700  p/m* 
rather  than  500  p/m*  used  by  NIOSH. 

Dr.  Lamm  reduced  this  level  as  a 
"midrange”  value  of  exposures  by 
eliminating  the  highest  level  and  then 
taking  the  midrange,  resulting  in  his 
estimate  of  2,650  p/m*.  Dr.  Thun,  on  the 
other  hand,  indicated  that  the  median  of 


these  exposure  measurements  is  205  p/ 
m*;  the  geometric  mean  is  213.6  p/m*; 
and,  the  arithmetic  mean  is  392.2  p/m*. 

Dr.  Thun  recommended  that  perhaps 
the  best  measure  of  the  midpoint  of 
these  samples  would  be  the  geometric 
mean,  weighted  for  the  number  of 
workers  in  each  operation.  This  value 
equals  156.9  p/m*  without  taking 
respiratory  protection  into  account. 

An  unspecified  “midrange  value”, 
used  in  Dr.  Lamm's  report,  is  less  useful 
than  the  mean  and  median  values  given 
by  Dr.  Thun,  and  mathematically  is 
meaningless.  It  would  appear  that  the 
usual  level  of  exposure  to  arsenic  in 
areas  with  potential  exposure  to  arsenic 
was  considerably  less  than  Dr.  Lamm 
estimated. 

Furthermore,  according  to  the  same 
survey,  cited  above,  by  the  University  of 
Colorado,  the  departments  where 
arsenic  exposure  potentially  occurred 
were  only  operational  for  four  months  of 
the  year.  The  intermittent  nature  of 
these  exposures  should  have  been  taken 
into  consideration  by  Dr.  Lamm, 
according  to  Dr.  Thun.  If  the  intermittent 
nature  of  these  exposures  had  been 
taken  into  consideration,  it  would  have 
resulted  in  further  lowering  of 
cumulative  arsenic  exposures. 

Dr.  Lamm  claimed  that  the  respirator 
usage  and  exposure  data  on  arsenic 
exposures  in  three  plants  (the 
Anaconda,  ASARCO  Tacoma,  and  the 
ASARCO  Globe  plants)  should  be  used 
to  represent  the  respirator  use  and  the 
arsenic  exposures  at  the  Globe  plant.  In 
this  way,  according  to  Dr.  Lamm,  a 
resulting  protection  factor  of  1.00  for 
respiratory  protection  should  be  used 
instead  of  0.26  used  by  Thun.  This, 
however,  ignores  the  fact  that  Smith’s 
study  of  respirator  usage,  cadmium 
exposures,  and  arsenic  exposures,  was 
conducted  at  the  Globe  plant.  The 
respirator  protection  factor  used  by 
Thun  is  thus  more  appropriate  for  use  in 
studies  of  workers  from  the  Globe  plant. 

Dr.  Thun  indicated  that  Dr.  Lamm’s 
assertion  that  the  controls  in  his  case- 
control  study  spent  68%  of  their  time  in 
high  cadmium  areas  does  not  contradict 
Thun’s  estimate  that  an  estimated  20% 
of  person-years  of  exposure  were  spent 
in  high-arsenic  jobs.  Dr.  Thun’s  estimate 
is  an  estimate  of  time  spent  in  high 
arsenic  areas,  not  high  cadmium  areas. 
The  high  arsenic  areas  were  sampling, 
mixing,  roasting,  and  calcine. 
Furthermore,  Thun’s  estimate  was  based 
on  the  entire  cohort,  covering  the  entire 
post-1926  period,  while  Dr.  Lamm’s 
estimate  was  based  on  a  small  sample 
of  workers  in  his  case-control  study 
(N=75,  or  12%  of  the  cohort)  who  did 
not  die  of  lung  cancer.  Thus,  the 
estimate  of  time  spent  in  arsenic 


exposure  areas  in  the  Thun  study  is 
more  likely  to  be  an  accurate  estimate  in 
that  it  was  based  on  a  larger  sample, 
utilized  more  complete  employment 
records  than  were  available  to  Dr. 

Lamm,  was  confirmed  by  several 
sources,  and  did  not  exclude  workers 
who  died  of  lung  cancer. 

Dr.  Thun  indicated  that  the  major 
problem  encountered  by  Dr.  Lamm  in  his 
analysis  was  that  he  lacked  sufficient 
work  history  data  to  identify 
departments  with  potential  arsenic 
exposure  in  adequate  detail  to  analyze 
these  data  by  duration  of  employment; 
Thun  used  person-years  of  employment 
in  high  arsenic  areas  instead. 

For  several  reasons,  Dr.  Thun  believed 
that  the  estimate  of  0.77  cancers  may 
have  been  an  overestimate  rather  than 
an  underestimate.  These  included:  (1) 

The  high  arsenic  exposure  jobs  were 
frequently  staffed  with  short-term 
employees  who  were  not  in  the  study 
cohort,  thereby  excluding  workers  with 
less  than  sixjnonths  employment;  and, 
(2)  urinary  arsenic  levels  of  workers  in 
the  high  areas  from  1960-80  averaged 
only  46  p./L,  which  would  equal  an 
inhaled  arsenic  of  14  p./m*.  far  lower 
than  the  estimated  average  arsenic 
exposure  of  125  p./m*.  cited  by  Thun  (Ex 
L 140-23). 

As  Dr.  Thun  indicated,  it  is  clear  that 
Dr.  Lamm’s  model  overestimates  the 
number  of  deaths  attributable  to  arsenic: 

On  the  basis  of  Dr.  Lamm’s  risk  assessment 
mode,  143  deaths  from  lung  cancer  were 
expected  based  on  arsenic  exposure.  Since 
only  24  lung  cancer  deaths  were  observed,  it 
is  apparent  that  Dr.  Lamm’s  model  greatly 
overestimates  the  number  of  deaths.  On  the 
other  hand.  Dr.  Thun’s  model  predicted  0.77 
deaths,  which  is  more  consistent  with  the 
observed  deaths  (Ex.  L-140-23). 

However,  according  to  Dr.  Thun: 

If  we  took  our  worst  case  scenario  and  the 
estimated  exposure  to  arsenic  was  twice 
what  we  said  it  was  (representing  a  two-fold 
improvement  in  respiratory  efficiency  over 
time),  then  in  the  cohort  over  their  entire  life 
time,  one  would  expect  twice  0.77  cases  of 
lung  cancer  attributable  to  arsenic.  A  very 
small  number,  less  than  two,  which  would  by 
no  means  explain  the  excess  that’s  observed. 
So  the  two  fold  underestimation  that  may 
have  occurred  due  to  differences  in  respirator 
efficiency  does  not  account  for  the  excess  of 
lung  cancer.(Tr.  6/7/90,  p.  172). 

Furthermore,  Dr.  Thun  stated  that  if 
arsenic  was  causing  the  excess  of  lung 
cancers  in  this  cohort,  one  would  have 
seen  a  higher  SMR  for  lung  cancer  in  the 
low  dose  exposure  group  (Tr.  6/7/90,  p. 
177). 

OSHA  has  recalculated  the  estimated 
number  of  arsenic  lung  cancer  deaths 
that  may  have  resulted  from  arsenic 
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exposures,  in  the  quantitative  risk 
assessment  section.  (See  Section  VI- 
QRA)  OSHA  is  of  the  opinion  that  the 
original  analysis  by  Dr.  Thun  was 
adequately  justified.  It  is  fair  to  state,  as 
did  Dr.  Thun,  that  while  arsenic  may 
have  contributed  to  the  excess  lung 
cancers  observed  in  this  plant,  it  would 
not  totally  account  for  the  excess  lung 
cancer. 

iv.  Lamm 's  Period-of-Hire  Argument. 
One  primary  objective  of  Dr.  Lamm  s 
case-control  study  was  to  examine  the 
role  of  cadmium  exposure  when 
controlling  for  period-of-hire  (Ex.  144-7- 
b).  Relative  cadmium  exposure  was 
expressed  as  a  ratio  of  the  mean 
cadmium  exposure  of  the  cases  to  that 
of  the  controls.  Based  on  the  case- 
control  study.  Dr.  Lamm  observed  that 
the  relative  case-to- control  cadmium 
exposure  (mg-yrs/m3)  was  1.0,  with  a 
range  from  0.9-1.1  (Exs.  12-33-e;  19-43- 
e;  144-7).  Dr.  Lamm  concluded  that  the 
lung  cancer  risk  in  this  workplace  was: 

*  *  *  more  related  to  the  period  of  hire,  not 
to  the  cumulative  cadmium  exposure.  The 
period  of  hire  appears  to  be  a  surrogate  for 
arsenic  exposure  as  related  to  feedstock.  The 
measures  used  here  seem  to  indicate  that 
exposure  to  arsenic  and  cigarette 
particulates,  rather  then  cadmium 
particulates,  may  have  caused  the  lung 
cancer  increase  of  these  workers.  (Ex.  144-7— 

b) 

OSHA  has  reanalyzed  Dr.  Lamm's 
results  in  the  quantitative  risk 
assessment  section.  In  summary,  the 
results  of  Dr.  Lamm’s  case-control 
analysis  could  be  explained  by 
methodological  errors  in  the  study 
design  or  by  random  statistical 
fluctuations.  (See  Section  VI-QRA).  One 
example  of  methodological  errors.  Dr. 
Thun  pointed  out,  would  be  the  use  of 
the  case-control  design  in  Dr.  Lamm’s 
study  which  is  at  variance  with  the 
common  use  of  this  method.  Typically, 
“nested”  case-control  studies  are 
conducted  when  there  is  an  opportunity 
to  classify  exposure  more  accurately 
than  is  possible  in  a  cohort  study  in 
which  all  workers  are  considered 
exposed  to  some  degree.  However,  in 
the  case-control  study,  the  original 
cadmium  exposure  data  from  the  Thun 
study  was  used  for  a  subset  of  workers, 
and  no  additional  information  was 
collected  and/or  used  for  the  whole 
cohort.  Thus,  the  choice  of  a  case- 
control  study  design  introduced  a  major 
disadvantage  in  that  the  controls  were 
not  representative  of  the  study 
population.  That  is,  only  a  portion  of  the 
total  information  was  used  as  opposed 
to  a  cohort  study  where  all  information 
on  all  workers  is  used.  At  the  same  time, 
this  case-control  study  design  applied  to 
these  data  offered  few  of  the  advantages 


of  the  case-control  design,  (Le.,  the 
addition  of  new  data  on  the  total  cohort) 
(Ex  8-645). 

Random  statistical  fluctuations,  which 
were  perhaps  exacerbated  by 
“overmatching”,  could  explain  the 
results.  Overmatching  occurs  when 
controls  are  matched  to  cases  on  a 
variable  that  is  related  to  exposure  but 
is  not  a  risk  factor  for  disease 
independent  of  exposure.  Such 
overmatching  can  actually  reduce  study 
precision.  (See  Section  VI-QRA 
overmatching.) 

In  general,  when  rules  are  developed 
for  selecting  controls,  factors  known  or 
strongly  suspected  of  being  related  to 
disease  occurrence  should  be  taken  into 
consideration.  Once  a  factor  is  matched, 
it  is  eliminated  as  an  independent  study 
variable  and  the  control  group  can  only 
be  used  for  the  study  of  other  factors. 
This  suggests  that  caution  is  required 
regarding  the  amount  of  matching 
attempted  in  any  study.  If  the  effect  of  a 
factor  is  in  doubt,  the  preferable 
strategy  is  not  to  match  for  that  factor 
but  to  control  for  it  in  the  statistical 
analysis.  If  in  a  case-control  study,  for 
example,  one  matches  cases  to  controls 
on  exposure,  no  information  on  the 
association  between  exposure  and 
disease  will  be  obtained. 

In  general,  several  criteria  should  be 
met  if  one  is  to  consider  designing,  a 
"matched”  study:  the  purpose  of  the 
study  design  should  not  pertain  to  the 
factor  matched;  if  the  factor  is  not 
“matched”,  one  should  be  reasonably 
certain  that  the  factor  will  be 
confounding;  such  confounding  should 
be  expected  to  be  more  than  just  trivial; 
and,  there  is  no  possibility  that  the 
factor  is  part  of  the  causal  pathway 
linking  the  exposure  and  disease  under 
study. 

According  to  Dr.  Thun,  in  the  case- 
control  study  by  Lamm  controls  were 
inappropriately  matched,  or 
“overmatched",  to  cases  on  the  variable 
of  “date  of  hire”  (Ex.  8-645).  While 
OSHA  agrees  that  cadmium  exposure  is 
very  Likely  to  be  correlated  with  year-of- 
hire,  OSHA  believes  the  correlation  is 
not  perfect  (See  Section  VI-QRA). 
However,  in  terms  af  the  Lamm  case 
control  study,  overmatching  is  a 
potential  flow  that  would  lead  to  the 
finding  of  no  difference  in  cadmium 
exposures  between  cases  and  controls. 
According  to  Dr.  Thun: 

Overmatching  is  most  severe  for  the  eight 
cases  and  24  controls  hired  before  1940. 
Workers  hired  before  1940  were  only  enrolled1 
in  the  study  if  they  continued  to  work  in 
cadmium  production  for  at  least  six  months 
after  1940.  Thus,  cases  and  their  controls 
hired  in  1930  typically  remained  in  cadmium 


production  for  10.5  years  (until  july  1, 1940)  to 
be  enrolled  in  the  study  (Ex  8-645). 

The  approach  used  by  Lamm, 
according  to  Dr.  Thun,  almost 
guarantees  that  there  will  be  little 
difference  between  cadmium  exposures 
among  cases  and  controls.  Dr.  Thun 
continued: 

Still  another  problem  is  that  the 
investigators  overestimate  the  relevant 
cadmium  exposure  of  the  controls.  In  the 
Lamm  analysis,  controls  are  allowed  to 
accumulate  exposure  after  death  of  the  case. 
Thus,  the  cases'  potential  exposure  ends  at 
death,  but  the  controls’  exposure  is  not 
similarly  truncated.  This  approach 
inappropriately  inflates  the  exposure  of  the 
controls  and  obscures  the  potential  ill  effects 
of  exposure.  A  less  biased  method  of  analysis 
would  exclude  the  experience  of  controls 
following  the  death  of  the  ease  (Ex.  8-645). 

Thus,  the  main  difference  between  cases 
and  controls,  if  overmatching  on 
controls  for  arsenic  and  cadmium 
occurred,  would  be,  as  Dr.  Lamm  noted, 
that  there  could  be  differences  in 
smoking,  but  no  differences  in  exposures 
to  either  cadmium  or  to  arsenic. 

e.  Thun’s  exposure  assessment.  In 
general,  for  epidemiological  purposes, 
exposure  data  should  contain 
information  on  other  substances  in  the 
workplace  to  which  workers  may  have 
been  exposed.  For  a  given  work  area, 
records  should  be  kept  on  the 
substances  used,  the  quantity  used,  and 
the  period  of  their  use.  The  work  area 
should  be  some  identifiable  area  that  is 
small  enough  to  have  relatively  uniform 
usage  and  exposure  to  industrial 
substances  but  large  enough  to  have  a 
reasonable  number  of  workers.  Further, 
a  work  area  should  be  convertible  to 
some  personnel  code,  so  that  data  on 
work  areas  can  be  linked  to  data  on 
individual  workers. 

Dr:  Thun’s  exposure  assessment  for 
the  members  of  his  cohort  was  the 
subject  of  comments  in  the  cadmium 
rulemaking.  Several  commentators 
agreed  with  the  Environ  study  in  its 
comments  on  the  Thun  study: 

A  further  strength  of  this  study  for  the 
purpose  of  risk  assessment  is  that  quantified 
ranges  of  cadmium  exposure  were  estimated. 
Prom  plant  and  personal  hygiene  measures, 
exposure  assessments  for  individual  workers 
have  been  made  *  *  *  for  many  of  the  other 
epidemiological  studies  exposure  data  are 
limited  to  the  identification  of  an  average 
exposure  Level  for  the  plant.  Dose-response 
relationships  cannot  be  postulated  for  these 
other  studies.  (Environ,  Ex  12-41). 

The  exposure  estimates  provided  to 
Thun  were  developed  by  Smith  after 
extensive  communication  with  plant 
personnel  who  were  familiar  with  the 
operation  of  the  plant.  Thun  computed 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  42163 


individual  cumulative  cadmium 
exposures  for  each  worker  included  in 
the  cohort.  Smith  (Ex.  4-64)  described 
the  plant  and  the  work  areas  in  great 
detail: 

Cadmium  production  was  performed  in  a 
complex  of  ten  buildings,  with  each  phase  in 
a  physically  isolated  building  or  section  of  a 
building  *  *  *  Cadmium  enters  the  process 
principally  as  cadmium  oxide  dust,  recovered 
as  a  by-product  of  air  pollution  control  at 
nonferrous  smelters,  especially  zinc  smelter 

*  *  *  Each  shipment  of  raw  material  is 
assayed  for  cadmium  when  received.  The 
cadmium-bearing  materials  are  roasted, 
mixed  with  sulfuric  acid,  calcined,  and 
dissolved  in  a  sulfuric  acid  solution  that  is 
purified  by  precipitation  and  filtration.  Highly 
purified  cadmium  metal  is  plated  out  of  the 
solution  in  an  electrolytic  refinery 
(tankhouse)  and  melted  and  cast  into  shapes 
at  the  foundry.  Some  of  the  metal  is 
reoxidized  in  gas-heated  retorts  to  make  high 
purity  oxide,  and  some  is  redissolved  in 
sulfuric  acid  and  treated  with  hydrogen 
sulfide  to  make  yellow  cadmium  sulfide 
pigment.  Dry  materials  are  transported 
between  buildings  and  process  and  then 
pumped  to  the  electrolytic  refinery. 

Substantial  levels  of  airborne  cadmium 
have  been  observed  over  a  long  period  in 
several  areas  of  the  plant  *  *  *  Exposures  to 
cadmium  oxide  (CdO)  dust  occurred  during 
sampling,  loading,  transporting  of  dust 
between  roasting,  mixing,  and  calcine 
operations,  and  during  the  loading  of  the 
purified  oxide.  Exposures  to  CdO  fume 
occurred  during  the  roaster,  calcine,  retort, 
and  foundry  operations.  Exposures  to 
cadmium  sulfate  occurred  during  the  solution 
and  tankhouse  operations  (mist).  Job 
designations  are  associated  with  the 
operating  departments  *  *  *  with  little 
overlap  between  them.  The  plant  also  has 
facilities  to  produce  small  amounts  of  lead, 
arsenic,  thallium,  and  indium.  These 
operations  are  performed  sporadically  by  a 
few  individuals  in  three  isolated  buildings. 
High  purity  arsenic,  thallium,  and  indium  are 
produced  in  facilities  on  a  laboratory  scale. 

The  cadmium  production  process  has  not 
changed  during  the  past  40  years;  however; 
over  this  period  the  company  has  added  a 
number  of  emission  control  systems  to  reduce 
exposures  in  the  work  areas.  Ventilation 
controls  have  been  added  to  the  roasting, 

mixing,  calcine,  foundry,  and  retort  areas 

*  *  • 

Plant  offices  and  laboratories  are  located 
in  separate  buildings  outside  the  production 
area.  However,  they  have  some  cadmium 
contamination  from  dust  carried  in  on  the 
footwear  and  clothes  of  supervisory 
personnel  and  from  general  air  contamination 
from  the  plant’s  activities."(Ex.4-64) 

From  his  description,  Smith  provided 
information  on  areas  in  the  workplace 
where  cadmium  exposures  existed,  the 
relative  cadmium  exposure  levels  in 
these  areas,  the  length  of  employment  of 
workers  in  each  area,  and  workers’ 
exposures  to  other  chemicals.  When 
used  with  existing  historical  exposure 
measurements,  individual  worker’s 


personnel  records,  and  information 
provided  by  plant  personnel,  Dr.  Smith 
was  able  to  quantify  exposures  for 
individual  workers  in  the  cohort.  The 
true  advantage  of  this  study  over  other 
epidemiological  studies  is  the  estimate 
of  dose  for  each  member  of  the  cohort. 

In  using  the  exposure  data  to  assess 
the  risk  of  cancer  from  exposure  to 
cadmium,  a  major  assumption 
underlying  Dr.  Thun’s  analysis  is  that 
one  year  of  exposure  to  cadmium  at  10 
p./m3  is  equivalent  to  10  years  of 
exposure  at  1  p/ms.  This  assumption 
was  questioned  during  the  rulemaking 
process  (Ex.  19-13).  Epidemiological 
data  upon  which  to  make  such  an 
evaluation  are  usually  lacking.  Analyses 
performed  in  the  quantitative  risk 
assessment  section  (section  VI)  of  this 
preamble  indicate  virtually  the  same 
potency  estimate  for  cancer  in  animals 
exposed  to  CdO  dust  regardless  of 
whether  exposure  was  continuous  of 
intermittent.  Thus,  dose  rate  effects  in 
relation  to  cadmium  exposure  and  lung 
cancer  were  not  observed.  This 
observation  supports  the  use  of  a 
cumulative  dose  concept  for 
occupational  exposure  to  cadmium  and 
lung  cancer. 

In  addition  to  the  above  issue, 
comments  were  submitted  to  OSHA  on 
other  assumptions  in  Thun’s  study  (Ex. 
12-41).  Cumulative  exposure  was 
estimated  using  length  of  employment, 
jobs  within  the  plant,  and  an  estimate  of 
each  worker’s  time-weighted-average 
inhalation  exposure  to  cadmium 
calculated  from  personal  sampling  data 
(1973-1976)  and  area  sampling  data 
(1943-1976).  These  estimates  were 
originally  made  by  Dr.  White  (Ex.  4-64). 

Because  many  of  the  personnel 
records  specified  general  work  areas 
rather  than  single  departments,  Thun 
categorized  each  period  of  a  worker’s 
employment  into  one  of  seven  broad  job 
categories.  The  average  exposure  to 
airborne  cadmium  for  each  of  these 
composite  categories  was  calculated  on 
the  basis  of  the  industrial  hygiene  data 
reported  by  Smith  (Ex.  4-64),  with  each 
department  contributing  to  a  weighted 
average  according  to  the  proportion  of 
workers  usually  employed  there.  Each 
worker’s  cumulative  exposure  over  time 
was  computed  as  the  sum  of  the  number 
of  days  worked  in  a  given  job  category 
for  the  relevant  time  period.  Cumulative 
exposure  was  expressed  in  milligrams 
per  cubic  meter-days  (mg-days/m3). 

In  the  Environ  report  the  authors 
summarized  the  main  questions  about 
the  method  by  which  Drs.  Thun  and 
White  estimated  exposure.  The  Environ 
report  called  into  question:  (1)  The  ratio 
used  between  area  and  personal 


exposure  geometric  means  for  six  of  the 
eight  general  plant  areas;  (2)  the 
weighting  factor;  and,  (3)  the  factor  used 
to  calculate  the  effects  of  respirator 
usage.  Regarding  the  ratio  between  area 
and  personal  exposure  geometric  means, 
area  sampling  data  were  available  for 
the  time  period  between  1943  and  1976. 
Personal  exposure  measurements  were 
also  available  for  the  time  period  1973- 
1976.  Dr.  Smith  calculated  a  multiplier, 
or  ratio  of  personal  exposure  data  to 
area  exposure  data,  based  upon  data 
collected  in  six  of  eight  work  areas  in 
the  Globe  plant  between  1973-76.  This 
ratio  was  then  used  to  adjust  the 
remainder  of  the  historical  area 
exposure  data  to  reflect  personal 
exposures. 

The  Environ  report  indicated  that 
there  was  the  possibility  that  the  ratios 
might  not  have  been  the  same  in  the 
earlier  years  before  the  introduction  of 
many  of  the  industrial  hygiene  controls. 
If,  as  the  Environ  report  pointed  out,  the 
personal  measures  in  1973-76  were  in 
fact  unrepresentative  of  the  other  time 
periods  for  which  actual  personal 
monitoring  data  were  not  available,  the 
ratio  between  the  air  concentrations  and 
the  personal  measures  could  be  different 
from  those  calculated  and  used  by 
Smith.  The  end  result  of  this  assumption 
could  be  that  the  Thun  data 
underestimated  dose  and  thus 
overestimated  the  risks  associated  with 
cadmium  exposure. 

Smith  acknowledged  that: 

*  *  *  the  accuracy  of  the  estimates  may 
change  with  increasing  time  into  the  past 
because  conditions  have  changed  in  some  of 
the  work  areas  *  *  *  [and)  as  a  result  *  *  * 
the  precision  was  probably  not  as  good  for 
the  older  exposures  as  for  the  more  recent 
ones  (Ex.  4-64). 

Smith  stated  that: 

*  *  *  we  could  not  construct  personal 
exposure  histories  based  on  each  individual's 
own  sampling  *  *  *  [W]e  are  uncertain  about 
the  degree  of  error  introduced  by  the  use  of 
group  data.  In  spite  of  these  difficulties,  our 
estimates  were  reasonable  attempts  to 
consider  all  of  the  factors  that  affect 
inhalation  exposures  and  have  produced 
exposure-effect  relationships  that  are 
consistent  with  the  known  toxicological 
behavior  of  cadmium  (Ex.  4-64). 

OSHA  agrees  with  Dr.  Smith  that  the 
true  direction  of  the  bias  in  the  exposure 
assessments  can  only  be  guessed. 
Despite  the  concerns  raised,  even  the 
Environ  report  concluded  that  of  all  the 
assumptions  that  could  operate  in  the 
misclas8ification  of  exposures,  the  use 
of  the  ratio  measure  was  the 
“exception"  (Ex.  12-41). 

Dr.  Smith  clearly  indicated  that  he 
was  basing  his  assessments  of  earlier 
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exposures  on  area  data.  The  calculation 
of  personal  exposures  from  area 
measurements  was  based  on  the 
assumption  that  the  ratio  between  them 
was  approximately  constant.  He  stated 
that  this  assumption  was  reasonable 
because: 

(1)  The  same  sampling  locations  had 
been  used  for  area  samples  for  the  past 
20  years; 

(2)  The  ratios  were  calculated  from 
the  averages  of  several  measurements 
for  both  area  and  personal  data 
(individual  samples  can  vary  quite 
widely);  and 

(3)  The  jobs  were  routine,  well- 
defined,  limited  by  area,  and  had  not 
changed  significantly  during  the  past  40 
years,  all  of  which  would  tend  to  make 
the  ratios  extremely  stable  (Ex.  4-64). 

The  ratio  calculated  by  Dr.  Smith 
between  the  1973-76  personal  and  area 
sampling  data  is  neither  unexpected  nor 
implausible,  and  would  not  necessarily 
change  for  historical  area  data 
regardless  of  ambient  airborne  levels, 
particularly  for  heavy  metal  exposures. 

In  general,  in  epidemiological  studies, 
even  though  personal  data  are  preferred 
for  heavy  metals  and  best  reflects  the 
worker’s  environment  if  sampling  is 
conducted  closer  than  30  cm  from  nose 
(8-668),  exposure  data  of  any  kind  are 
often  lacking.  The  exposure  information 
is  rarely  of  adequate  quality  or  based 
upon  individual  workers  personal 
sampling.  Thus,  it  is  plausible  that  area 
data  could  be  used  to  approximate  the 
personal  exposures.  Since  area  data 
were  available  to  Drs.  Thun  and  Smith, 
it  is  appropriate  that  they  should  have 
been  used. 

Regarding  the  use  of  area  data,  the 
Environ  report  raised  one  additional 
recommendation  which  was  that  Smith 
use  the  area  sampling  measures  that 
existed  for  the  time  period  1943-54,  with 
or  without  the  ratio  multiplier,  to 
calculate  the  exposures  for  those 
periods.  If  cadmium  levels  at  the  smelter 
were  in  fact  much  higher  during  this 
period,  as  the  report  indicated,  then 
assigning  measures  taken  from  1955  to 
1959  to  earlier  years  would 
underestimate  the  actual  exposure 
conditions,  perhaps  considerably,  and 
thus  overestimate  risk. 

In  his  original  report,  Smith  addressed 
this  issue,  stating  that  he  did  not  use 
these  data  for  several  reasons: 

Although  sampling  data  were  available  for 
most  of  the  work  areas  before  1955,  these 
data  were  not  used  because  (1)  different 
sampling  techniques  were  used-impingers 
and  electrostatic  precipitators  instead  of 
filters-and  (2)  a  different  sampling  strategy 
was  used-breathing  zone  sampling  with 
hand-held  collectors  instead  of  fixed-location 
samplers  *  *  *  Therefore,  1955-59  conditions 


were  used  to  estimate  pre-1955  conditions 
*  *  *  (Ex.  4-64). 

However,  during  questioning  at  the 
cadmium  hearings,  Dr.  Thun  further 
clarified  this  issue.  Dr.  Smith  had  data 
for  the  five  year  period  from  1945-50, 
and  these  data  were  used  by  NIOSH  for 
estimating  exposures  per  worker.  Prior 
to  1945,  exposure  data  were  estimated 
based  upon  existing  data  and  the 
knowledge  that  major  engineering 
controls  or  changes  in  the  process 
during  those  earlier  years  were  absent 
(Tr.  6/7/90,  p.  128). 

A  second  objection  raised  in  the 
Environ  report  was  that  each  period  of  a 
worker’s  history  was  categorized  into 
one  of  seven  broad  job  categories  whose 
weighted  average  exposure  was  based 
upon  the  departmental  measures  from 
the  Smith  estimates.  The  weight  used  for 
this  average  was  the  number  of  workers 
usually  employed  in  the  department. 

As  Dr.  Thun  indicated,  in  order  to  link 
the  personnel  records  to  the  industrial 
hygiene  data,  it  was  assumed  that  the 
average  exposure  in  the  high  exposure 
category,  (category  1  which  included 
sampling,  roasting/baghouse,  mixing, 
calcine,  foundry,  and  retort  areas)  and 
in  the  low  exposure  areas  (category  7 
which  included  solution,  tankhouse,  and 
pigment  areas)  would  be  a  weighted 
average  of  the  various  departments 
within  these  two  categories.  The 
average  exposure  in  the  high  exposure 
category  was  assumed  to  be  a  weighted 
average  based  on  the  average  number  of 
worker-shifts  per  week  in  each 
department. 

Environ  stated  that  this  was 
"peculiar”  since  the  number  of  workers 
is  not  an  inherent  part  of  the  estimate  of 
exposure.  Thus,  use  of  the  number  of 
measures  as  a  weight  had  the  possibility 
that  the  exposure  would  be 
overestimated  because  more  measures 
may  have  existed  for  an  area  where  a 
problem  existed.  Further,  the  area  of 
high  exposure  might  not  be  one  where 
many  workers  were  employed  (Ex.  12- 
41). 

The  weighting  system,  or  number  of 
eight-hour  shifts  completed  in  each 
department  per  week,  used  by  Drs. 
Smith  and  Thun  was  based  upon 
telephone  conversations  with  Dr.  Lowell 
White,  an  ASARCO  hygienist,  and  with 
Mr.  Ernie  Lovato,  the  former  president 
of  the  local  union  and  a  long  time 
employee.  The  estimates  were  generally 
consistent  with  a  listing  of  job  titles  in 
each  department  at  the  Globe  plant  in  a 
1980  doctoral  thesis  by  Dr.  Jeffrey  Lee 
(Ref.  in  Ex.  33;  Smith,  1976). 

Thun  divided  his  cohort  into 
homogeneous  exposure  subgroups  on 
the  basis  of  each  individual's 


occupation,  place  of  work,  and  shift,  and 
the  basic  sampling  unit  was  the 
"worker-shift.”  The  weighted  effort  was 
allocated  to  certain  "worker-shifts” 
based  on  several  factors:  the  standard 
deviation  in  exposure  for  that  particular 
homogeneous  group,  the  labor  turnover 
of  the  group,  and  the  number  of  men 
belonging  to  the  group.  An  underlying 
assumption  of  this  strategy  was  that 
exposure  to  an  individual  worker  is 
supposed  to  be  indistinguishable  from 
the  shift  average  of  the  whole  group. 

It  is  clear  that  the  measure  of  the 
exposure  that  is  applied  to  any 
individual  in  a  group  should  be  the  mean 
exposure  level.  An  individual’s 
cumulative  exposure  should  be  derived 
as  the  mean  exposure  level  times  the 
duration  of  each  individual’s 
employment  in  that  part  of  the  plant. 

OSHA  agrees  with  the  Environ 
assessment  that  Thun’s  use  of  average 
exposures  would  stabilize  the  estimates 
and  make  the  assessments  relevant  even 
without  a  weighted  scheme  based  on  the 
number  of  measures.  However,  OSHA 
did  further  evaluate  the  magnitude  of 
the  effects  of  such  assumptions  relative 
to  arsenic  exposure  and  substantially 
verifed  the  Thun  results  for  weighted 
averages  (see  Section  VI-QRA).  Thus 
OSHA  concluded  weighted  averages  aie 
more  appropriate  than  unweighted 
averages. 

The  last  major  issue  raised  by  Environ 
about  assumptions  in  Smith’s  study  was 
the  reduction  of  the  calculated  personal 
exposure  by  using  a  factor  of  3.9 
(approximately  75%).  This  factor  was 
judged  by  Smith  to  be  the  degree  of 
protection  afforded  by  respirator  use.  In 
a  series  of  papers  (Exs.  4-64;  6-281), 
Smith  evaluated  the  average  reduction 
in  inhalation  exposures  produced  by  the 
intermittent  use  of  filter  cartridge 
respirators  by  cadmium  workers  in  the 
Globe  plant. 

Questions  were  raised  about  the 
actual  degree  of  protection  afforded  by 
respirator  use  when  applied  to 
correcting  for  arsenic  exposures  (Ex9. 
12-41;  L-19-59).  The  main  problem  was 
the  application  of  Smith’s  factor  of  3.9  to 
correct  for  respirator  use  as  it  pertained 
to  arsenic  exposures.  It  was  noted  that 
respirators  were  not  routinely  worn, 
which  would,  in  turn,  affect  the 
cadmium  exposure  assessment,  as  well. 

According  to  Environ  and  others  (Exs. 
12-41;  19-43)  exposures  were 
underestimated  due  to  the  use  of  the 
respirator  protection  factor.  Respirator 
use  before  1940,  it  was  stated,  was  likely 
to  have  been  minimal  at  best  and  the 
respirators  available  were  not  very 
protective  (Ex.  19-43).  In  the  case  of 
arsenic,  the  dose  was  underestimated 
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thus  understating  the  risk;  more  lung 
cancer  risk  should  have  been  attributed 
to  arsenic.  In  the  case  of  cadmium,  the 
exposure  was  underestimated,  and  the 
risk  overstated. 

According  to  Mr.  Bidstrup.  Counsel  for 
SCM  Chemicals,  Inc.,  who  cited  Dr. 
Lowell  White,  formerly  of  ASARCO,  it 
was  not  until  barrier  cream  was 
developed  that  workers  wore  respirators 
in  arsenic  areas  because  workers  who 
used  respirators  before  that  were 
afflicted  with  “  *  *  *  a  ‘horrible  face 
rash'  or  dermatitis"  (Ex.  19-42-b-3,  pp. 
10-11)."  Workers  often  did  not  wear 
respirators  for  this  reason.  In  addition. 
Dr.  White  noted  that  a  different  type  of 
respirator  (a  Jesse  James  respirator)  was 
worn  until  the  1940’s — not  the  style  of 
respirator  used  when  the  protection 
factor  for  cadmium  was  calculated. 
Furthermore,  if  respirators  were  worn  at 
alt  they  were  often  improperly  fitted. 
These  considerations  make  it 

*  *  *  very  difficult  to  accept  Thun's 
assumption  that  the  same  respirator 
protection  factor  of  3.9  which  was 
purportedly  operative  for  cadmium  exposures 
was  similarly  protecting  against  arsenic 
exposures.  These  and  other  reservations  exist 
as  to  whether  arsenic  has  been  adequately 
controlled  for  as  a  potential  confounder 
((Ex.l9-42-b-3,  pp.  10-11). 

Dr.  Smith  described  respirator  use  in 
this  plant  as  follows: 

The  company  has  had  a  policy  since  the 
1930's  that  requires  the  use  of  filter  cartridge 
respirators  in  work  areas  with  the  potential 
for  fume  and  dust  exposures.  This  policy  has 
been  tightly  enforced  in  recent  times,  but  the 
level  of  enforcement  in  the  past  is  unknown, 
although  workers  and  management  have 
been  well  aware  of  the  hazard  of  acute 
cadmium  exposures  (Ex.  4-64). 

Thus,  both  Dr.  Smith  and  the 
commentors  were  aware  of  the  same 
issues.  However,  as  Dr.  Thun  indicated 
at  the  hearing; 

*  *  *  I  think  that  the  impression  that  has 
been  communicated  that  there  was  a  major 
arsenic  problem  historically  in  the  calcine 
and  roaster  area  of  this  plant  *  *  *  has  been 
constructed  rather  recently  *  *  *  when  I 
have  spoken  about  this  with  Professor 
Smith  *  *  *  he  says  that  Globe  was  not 
recognized  to  have  an  arsenic  problem,  that 
the  symptoms  of  arsenic  skin  irritation  were 
not  being  brought  forth  to  the  environmental 
group,  and  that  the  speculation  about  what 
past  exposures  may  have  been  is  based  to  a 
large  extent  on  speculation  (Tr.  6/7/90.  pp. 
149-150). 

However,  Dr.  Thun  did  agree  that  Dr. 
Smith’s  impression  of  the  respirator 
usage  among  arsenic  exposed  workers 
at  this  plant  did  differ  from  that  of  Dr. 
White.  And  while  Dr.  Thun  is  of  the 
opinion  that  Dr.  Smith  is  probably  more 
accurate,  OSHA  acknowledges  that  the 


true  degree  of  respirator  use  may  not  be 
known.  An  error  in  estimates  of 
respirator  protection  leads  to 
uncertainty  in  exposure  assessments 
which  could  result  in  either 
overestimates  or  underestimates  of 
exposure.  OSHA  developed  three  sets  of 
exposure  data  for  arsenic  exposures, 
one  one  of  which  was  respirator 
adjusted.  The  original  respirator- 
adjusted  estimates  were  within  the 
range  of  the  two  estimates  thereby 
supporting  the  respirator  adjustment 
further  (see  section  VI-QRA). 

The  protection  factor  that  Dr.  Smith 
calculated  was  based  on  intermittent 
usage  measurements  that  included  times 
when  the  respirator  was  both  worn  and 
when  the  respirator  was  hanging  around 
the  neck  of  the  worker  during  the 
workday  shift.  This  would  cover  those 
situations  in  which  workers  were  unable 
to  wear  respirators  due  to  facial  rashes. 
Dr.  Smith  estimated  the  inhalation 
exposures  for  nine  workers  by 
measuring  the  cadmium  concentration 
inside  the  respirator  while  it  was  worn 
or  hanging  around  the  worker's  neck. 

Air  concentrations  of  cadmium  were 
measured  simultaneously  inside  the 
respirator  and  at  the  worker’s  lapel 
using  a  dual  sampling  system,  and 
workers  were  sampled  for  three 
consecutive  days  over  a  full  days’ 
workshift.  On  the  average  the  inhalation 
exposure  was  26%  of  the  lapel 
concentration,  i.e.,  the  average  effective 
protection  factor,  or  the  ratio  of  personal 
exposure  to  inhalation  exposure,  was 
found  to  be  a  geometric  mean  factor  of 
3.9.  This  factor  was  then  used  to 
calculate  the  inhaled  cadmium  exposure 
per  worker.  Personal  exposures  were 
divided  by  3.9  to  estimate  the  Median 
inhalation  exposures  of  workers  in  those 
department  where  respirators  were 
worn,  and  these  values  were  used  in  the 
development  of  each  workers’ 
cumulative  exposure  assessment. 

Thus.  Smith  made  three  corrections  to 
the  existing  area  exposure  level  data 
base.  The  first  correction  was  to  adjust 
the  historical  area  sampling  data  by  a 
correction  factor  to  reflect  personal 
sampling.  The  second  correction  was  the 
weighting  of  high  exposure  areas  by 
number  of  worker-shifts,  and  the  third 
was  the  division  of  the  estimated 
personal  exposures,  in  those 
departments  and  calendar  periods  in 
which  workers  wore  respirators,  by 
3.9 — the  geometric  mean  respirator 
protection  factor  measured  in  the  Globe 
plant. 

OSHA  has  substantially  verified  the 
latter  two  adjustments  (see  section  VI- 
QRA),  and  believes  that  the  ratio 
adjustment  for  area  samples  did  not 
operate  towards  misclassification  of 


exposure  (Ex.  12-14).  OSHA  agrees  with 
Dr.  Smith’s  conclusions  that  he 
attempted  to  address  all  of  the  factors 
that  could  affect  the  exposures  to  which 
workers  were  exposures.  It  was  obvious, 
for  instance,  that  the  effects  of  emission 
control  systems  and  improved 
ventilation  were  taken  into 
consideration  in  each  of  Smith's 
estimated  exposures  for  each 
department  as  a  function  of  time.  (See 
pg.  323.  Table  I,  Ex  4-64.)  Through  his 
study  design.  Dr.  Smith  tried  to  estimate 
the  actual  inhalation  exposures  for 
individual  workers,  Le.,  the  actual  dose 
of  cadmium  that  a  worker  received  to 
the  lung,  rather  than  the  ambient 
cadmium  levels,  taking  into 
consideration  variations  in  respirator 
use. 

Further,  according  to  Dr.  Roth: 

*  *  *  regarding  the  exposure 
estimates  *  *  *  we  have  no  reason  to 
believe  that  any  of  the  measurements  are 
biased  in  either  one  direction  or  the  other  and 
from  a  statistical  standpoint,  that's  the  key 
issue.  (Tr.  6/8/90,  pp.  55-66). 

It  is  OSHA’8  opinion  that  despite  the 
issues  raised  regarding  the  exposure 
assessment,  the  forethought  by  Smith 
and  Thun  In  applying  this  exposure 
assessment  to  the  individual's  in  the 
cohort  taking  into  consideration  the  use 
of  available  data  and  using  advice  from 
the  representatives  of  the  workplace, 
would  tend  to  minimize  the  errors  in  the 
exposure  assessments.  The  underlying 
strength  of  the  Thun  study  was  the 
availability  of  unusually  good  industrial 
hygiene  records  that  allowed  for  the 
computation  of  cumulative  individual 
exposures,  and  from  that,  some 
quantitative  dose  response  data.  OSHA 
agrees  with  the  Environ  report  which 
stated  that  despite  questions,  the 
quantified  exposure  estimates  were: 

"*  *  *  a  further  strength  of  this  study 
for  the  purpose  of  risk 
assessment  *  *  *  (Ex.  19-42b)." 
Furthermore,  the  validity  of  these 
assessments  has  been  determined,  to 
some  extent,  by  comparison  of  Thun’s 
results  with  those  of  other  independent 
researchers  and  in  other  studies. 

Regarding  this  last  point.  Dr.  Thun 
stated  that; 

The  calculations  of  cumulative  exposure 
have  been  validated,  to  some  extent  by 
comparing  them  to  in-vivo  data  collected  by 
the  Brookhaven  National  Laboratory  in  1979 
(Ex.  4-27),  A  strong  correlation  was  found 
between  the  calculated  cumulative  exposure, 
using  these  data,  and  the  Brookhaven 
measurements  of  liver  cadmium  *  *  *.  The 
strength  of  this  approach  is  that  it  considers 
both  the  intensity  and  duration  of 
exposure  *  *  *  this  gives  you  an  actual 
estimate  of  cumulative  exposure  *  *  *  our 
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analysis  grouped  individuals  into 
categories  *  *  *  to  correspond  to  the  level  of 
detail  that  was  available  in  the  personnel 
records.  (Ex.  33). 

Dr.  Thun  was  referring  to  a  study  by 
Ellis  et  al  (Ex.  4-64).  For  Dr.  Ellis’ 
analysis,  cumulative  exposures  for 
individual  workers  were  estimated  in 
the  same  way  as  for  Thun’s  analysis,  on 
the  basis  of  die  same  plant  personnel 
records.  A  chronological  record  of  each 
worker’s  job  assignments  was  obtained. 
The  time-weighted  inhalation  exposure 
(TWE)  was  calculated  by  multiplying 
the  length  of  time  (tj  in  a  given  work 
area  by  the  estimated  inhalation 
exposure  for  that  area  and  year  (Ej)  and 
then  summing  these  values  for  the  total 
exposure  history,  or 

TWE=ZE,h, 

where  E,  was  obtained  from  the  original 
estimates  reported  by  Smith  (Ex.  4-64). 

Another  partial  validation  of  the 
exposure  assessments  of  these  workers 
was  done  by  Smith  who  calculated  the 
quantity  of  cadmium  that  would  be 
retained  in  the  kidneys  of  the  workers  in 
his  study,  based  on  his  calculated  time- 
weighted  exposure  measurement  of 
cumulative  cadmium  exposure  per 
individual  worker,  and  compared  this 
with  the  “critical  concentration”  of 
cadmium  that  would  result  in  kidney 
dysfunction,  indicated  by  a  number  of 
other  researchers  (Ref.  in  Ex.  4-68). 

Smith  found  that: 

The  quantity  41  mg  per  kidney  is  somewhat 
higher  than  the  15-30  mg  per  kidney  reported 
as  the  critical  value  for  cadmium  by  several 
investigators  (WHO  Task  Group,  1975; 
Nomiyama  et  al,  1979:  Ellis  et  al,  1980); 
however,  it  is  quite  close,  considering  the 
assumptions  and  the  errors  in  the  exposure 
estimates.  These  findings  provide  further 
support  for  the  quality  of  the  exposure 
estimates.  (Ex.  4-64). 

To  the  extent  that  levels  of  cadmium  in 
urine  reflect  cumulative  cadmium 
exposures  in  air,  and  are  not  influenced 
by  the  presence  of  kidney  damage,  these 
results  by  Dr.  Smith  appear  to  confirm 
Dr.  Thun’s  exposure  assessments. 

Thus,  the  cumulative  exposures  in 
Thun’s  study  were  somewhat  validated 
by  two  independent  researchers  who 
further  evaluated  the  health  status  of  a 
subset  of  the  same  workers  included  in 
Thun’s  study.  Using  in-vivo 
measurements  of  cadmium  in  liver  and 
kidney  tissues  and  kidney  cadmium 
content,  the  two  researchers,  Smith  (Ex. 
4-64)  and  Ellis  (Ex.  4-64),  found 
associations  between  cumulative 
cadmium  exposures  and  effects  of 
cadmium  that  were  both  similar  to  those 
of  other  researchers  and  were  plausible, 
given  the  available  medical  data  on 
cadmium’s  effects.  These  “validity 


checks,”  of  the  exposure  assessment 
provides  another  important  advantage 
of  the  Thun  study  over  other  studies. 

The  confidence  that  can  be  placed  in  the 
results  obtained  from  the  use  of  such 
exposure  assessments,  for  both 
cadmium  and  arsenic  exposures,  is 
increased. 

As  Dr.  Thun  stated: 

*  *  *  all  of  the  cohorts  have  potential 
exposure  to  other  occupational  lung 
carcinogens  besides  cadmium.  For  the 
metallurgical  groups  *  *  *  there  is  potential 
exposure  to  arsenic  and  for  the  nickel- 
cadmium  battery  plants,  there  is  potential 
exposure  to  nickel  *  *  *  but  the  exposure 
data  on  this  study  are  really  exemplary. 

There  are  few  occupational  cohorts  for  which 
historical  exposures  are  as  well  documented. 
(Tr  6/7/90,  p.  87). 

f.  OSHA ' s  conclusions  regarding  the 
Thun  study.  The  major  issues  regarding 
the  Thun  study  include  potential 
confounding  from  arsenic  exposure  and 
from  cigarette  smoking.  (See  also  Exs. 
19-43;  66.) 

Regarding  the  multiplicative  or 
synergistic  effects  of  smoking  together 
with  occupational  cadmium  exposures 
suggested  by  some  commenters  (Ex.  66), 
OSHA  is  aware  of  no  evidence  that 
supports  the  hypothesis  of  such 
synergistic  effects.  Of  far  greater 
concern  to  the  Agency  is  the 
contamination  of  cigarettes  by  cadmium 
in  the  workplace  (Ex.  29).  Both  cadmium 
and  smoking  are  associated  with  lung 
cancer.  Arsenic  does  not  appear  to  have 
played  a  major  role  in  the  excess  risk  of 
lung  cancer  observed  in  the  study.  With 
data  indicating  that  confounding  from 
arsenic  and  cigarette  smoking  did  not 
play  a  major  role  in  the  lung  cancer 
excess,  it  would  be  imprudent  to 
overlook  the  epidemiological  data 
showing  that  cadmium  appears  to  have 
been  responsible  for  the  excess  lung 
cancer  risk. 

The  obvious  strength  of  the  Thun 
study  comes  from  the  finding  of  a  dose- 
response  relationship.  Dr.  Kazantzis 
acknowledged  that  the  study  “  *  *  *  has 
shown  evidence  of  the  carcinogenicity 
of  cadmium  with  a  dose-response 
relationship”  (Tr.  0/11/90,  p.  142),  and 
Dr.  Rodericks  stated  that  he  would  still 
point  to  the  dose-response  information 
from  the  Thun  study  “as  a  most 
important  set  of  data.”  (Tr.  7/18/90,  p. 
26). 

It  is  OSHA’s  opinion  that  the  findings 
of  the  Thun  study  demonstrate  a 
significant  dose-response  between 
cadmium  exposure  and  lung  cancer  that 
could  not  be  explained  by  confounding 
from  cigarette  smoking  and  arsenic 
exposure. 


9.  Summary  and  Conclusions 

Complete  in-depth  review  of  the 
rulemaking  record  and  careful  analyses 
of  the  available  epidemiologic  data  have 
led  OSHA  to  conclude  that  a  significant 
association  has  been  demonstrated 
between  occupational  cadmium 
exposure  and  lung  cancer.  Evidence  for 
this  association  is  further  strengthened 
by  studies  demonstrating  the  induction 
of  lung  cancer  in  experimental  animals 
exposed  by  inhalation  to  several 
different  cadmium  compounds.  The  data 
also  have  revealed  a  significant 
association  between  cadmium  exposure 
and  prostate  cancer,  though  recent 
studies  show  less  of  an  association  than 
earlier  study  results.  LARC  (Ex.  8-656) 
concluded  that  cadmium  is  probably  a 
human  carcinogen.  The  data  presented 
in  this  rulemaking  record  and  the 
analyses  conducted  and  presented  in  the 
quantitative  risk  assessment  section  of 
this  standard  rule  out  any  major 
potential  confounding  in  the  Thun  et  al. 
study  from  cigarette  smoking  and 
arsenic  exposure  on  the  excess  risk  of 
lung  cancer  observed  among  the  cohort 
members.  Thus,  the  association  between 
cadmium  exposure  and  lung  cancer  as 
noted  by  LARC  is  further  strengthened 
by  these  new  data  and  analyses.  The 
epidemiologic  findings  demonstrating 
the  carcinogenicity  of  cadmium 
establish  cadmium  as  an  occupational 
carcinogen. 

Some  commenters  questioned  the 
consistency  of  the  epidemiologic  data 
(Ex.  19-42b-3;  The  Environ  Corporation, 
March  17, 1989).  For  example,  Environ 
stated  that  “the  results  of  lung  cancer 
mortality  studies  in  industrial  settings 
where  cadmium  is  present  are  mixed: 
The  majority  of  reports  do  not  show  an 
excess  lung  cancer  incidence  in 
association  with  cadmium  exposure  and 
several  provide  strong  evidence  of 
alternative  causes  of  the  cancer  excess 
observed."  According  to  Environ,  its 
conclusions  are  consistent  with  those 
reached  by  IARC,  “  *  *  *  although  our 
evaluation  includes  more  recent  studies 
than  those  reviewed  by  this  agency 
(IARC)”  (Ex.  19-42b-3).  Environ 
continued: 

On  the  basis  of  the  commonly-applied 
criteria  for  causation  based  on 
epidemiological  evidence  that:  (1)  a  positive 
dose-response  relationship  be  observed,  (2) 
the  association  is  not  explicable  by  bias  in 
recording,  detection,  confounding  or  chance: 
and  (3)  the  association  is  observed 
repeatedly  in  different  circumstances,  it 
appears  evident  that  the  epidemiologic  data 
on  the  potential  lung  carcinogenicity  of 
cadmium  are  insufficient  to  establish 
causality  for  humans  (Exs.  12-41  and  Ex.  19- 
42b,  p.  19). 
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SCM  Chemicals,  citing  a  review  of 
epidemiologic  studies  relating  to 
cadmium  by  a  12-member  panel  of 
expert  epidemiologists,  criticized  the 
epidemiologic  studies  relating  to  cancer 
for  failing  to  consider  the  effects  of 
confounding  factors  in  drawing  their 
conclusions  (Ex.  19-42A). 

OSHA  noted  earlier  that  for  all  five 
major  cohorts  of  cadmium-exposed 
workers,  the  lung  cancer  SMRs  are 
elevated,  and  in  updated  studies  of  four 
of  the  cohorts,  the  SMRs  for  lung  cancer 
are  statistically  significantly  elevated 
(Ex.  L-140-50).  These  four  cohorts  were 
U.S.  cadmium  recovery  workers  with 
two  or  more  years  of  employment  (Thun 
et  al.,  Ex.  8-658a);  nickel-cadmium 
battery  workers  in  the  U.K.  (Sorahan, 

Ex.  12-12-A);  nickel-cadmium  battery 
workers  in  Sweden  (Jarup  et  al.,  L-140- 
50);  and  workers  in  17  British  plants 
(Kazantzis  et  al.,  Ex.  8-684):  Not  only 
were  the  SMRs  elevated  for  four  of  the 
five  cohorts,  but  according  to  Drs.  Thun, 
Elinder,  and  Friberg,  in  three  of  the  five 
cohort  studies,  (Exs.  8-658a,  12-12-A 
and  8-684),  a  dose-response  relationship 
was  evident  (Ex.  L-140-50).  Regarding 
the  other  commonly  applied  criterion 
cited  by  Environ,  bias  in  recording, 
detection  and  chance  confounding, 
analyses  by  Thun  et  al.  and  by  Stayner 
show  that  arsenic  contamination  and 
confounding  from  cigarette  smoking 
could  not  have  accounted  for  the  excess 
lung  cancer  risk  in  the  Thun  study. 
Furthermore,  the  study  demonstrated  a 
dose-response  for  lung  cancer  in  relation 
to  cadmium  exposure. 

Thus,  contrary  to  the  opinion  stated 
by  Environ,  all  three  of  the  commonly 
applied  criteria  for  causation  are 
satisfied  by  the  existing  epidemiological 
data  for  occupational  cadmium 
exposure  and  lung  cancer; 

(1)  A  positive  dose-response 
relationship  has  been  demonstrated; 

(2)  The  association  does  not  appear  to 
be  explicable  by  chance,  bias  in 
selection  of  subjects  for  study  or  by 
confounding  from  other  exposures;  (3) 
the  association  has  been  observed 
repeatedly  in  different  occupational 
settings. 

A  large  number  of  epidemiologic 
studies  demonstrate  an  association 
between  occupational  exposure  to 
cadmium  and  kidney  dysfunction. 


Exposure  data  were  of  high  quality  from 
six  epidemiologic  studies  that  allowed 
estimates  of  a  dose  response  between 
cadmium  and  kidney  dysfunction.  No 
participant  in  the  rulemaking  challenged 
the  etiologic  basis  for  cadmium  and  its 
role  in  kidney  dysfunction. 

Commenters  have  testified  that  in 
contrast  to  toxins  such  as  Cr  VI  and 
lead,  the  correspondence  between 
human  and  animal  data  for  all  adverse 
health  effects  of  cadmium  is  “very  good" 
(Tr.  6/7/90;  pp.  3-71).  Human  studies 
indicate  acute  and  chronic  cadmium 
toxicity  in  the  form  of  renal,  liver,  and 
pulmonary  effects,  and  animal  studies 
have  demonstrated  similar  effects. 
Chronic  animal  studies  by  inhalation 
show  cadmium-induced  lung  cancers  in 
rats  and  some  cases  of  prostatic 
cancers;  the  same  effects  have  been 
observed  in  human  studies.  Both  renal 
damage  and  lung  disease  (bronchitis) 
have  been  observed  in  chronically 
exposed  humans  and  animals.  There  is 
also  good  correlation  between  ITAI- 
ITAI  disease  in  humans  and 
demineralization  of  the  bone  in  animals. 
Liver  damage  is  also  seen  both  in 
humans  and  animals.  However,  it  is 
noted  that  some  effects  have  been  seen 
only  in  animals  (6/7/90;  Tr.  3-3  to  3-71). 

OSHA  has  received  information 
indicating  that  additional  epidemiologic 
studies  are  being  conducted  and  some 
participants  feel  that  the  final  standard 
should  be  delayed  until  these  studies  are 
completed.  (Caza,  Ex.  19-29;  Kazantzis, 
L-140-50,  pp.  701-701;  DCMA,  Ex.  19- 
40).  OSHA  believes,  however,  that 
delaying  the  final  standard  is  not 
warranted  and  that  the  record  supports 
this  conclusion.  OSHA  agrees  that  the 
human-animal  correlation  for  cadmium: 

*  *  *  is  probably  one  of  the  best  sets  of 
correlations  that  one  sees  between 
experimental  animals  and  humans  for  a  toxic 
agent.  (M.  Costa,  Tr.  6/7/90,  p.  8) 

VI.  Quantitative  Risk  Assessment 

In  February,  1990,  OSHA  proposed 
two  alternative  permissible  exposure 
limits  (PELs)  of  1  pg/m3  and  5  p.g/m3  as 
an  8-hour  time-weighted  average  (TWA) 
and  a  5  p.g/m3  and  a  25  p.g/m3  ceiling 
limit  for  cadmium.  These  new  exposure 
limits  were  based  on  an  evaluation  of 
carcinogenic  and  renal  effects  observed 
in  workers  or  experimental  animals 
following  exposure  to  cadmium. 


Summary  of  Quantitative  Risk 
Assessment  for  Lung  Cancer  From 
Proposed  Rule 

To  evaluate  the  potential 
carcinogenicity  of  cadmium, 
quantitative  estimates  of  risk  were  made 
by  OSHA  based  on  the  Takenaka  et  al. 
(Ex.  4-67)  study  in  rats  and  the  Thun  et 
al.  (Ex.  4-68)  study  in  humans.  These 
studies  provide  the  strongest  evidence 
of  carcinogenicity  of  cadmium  in 
animals  and  humans,  as  well  as  the 
most  appropriate  data  for  a  quantitative 
assessment 

Experimental  Data 

Cadmium  has  been  shown  to  be  a 
carcinogen  in  animals  following 
administration  via  inhalation.  At  the 
time  of  the  proposed  rule,  the  strongest 
evidence  of  carcinogenicity  in  animals 
>  came  from  a  rat  bioassay  conducted  by 
Takenaka  et  al.  (Ex.  4-67).  In  this 
bioassay,  Takenaka  exposed  three 
groups  of  40  male  rats  23  hours/day  for 
18  months  to  cadmium  chloride  aerosol 
at  nominal  cadmium  concentrations  of 
12.5,  25,  and  50  p-g/m3.  An  additional 
group  of  41  male  rats  served  as  controls. 
The  animals  were  observed  for  13 
months  following  exposure,  at  which 
time  all  surviving  rats  were  sacrificed.  A 
statistically  significant  increase  in  the 
incidence  of  malignant  lung  tumors  was 
observed  in  treated  animals  and  a 
statistically  significant  dose  response 
relationship  was  observed.  The 
incidence  of  lung  carcinomas  was  0/38 
(0%)  in  the  controls,  6/39  (15.4%)  in  the 
low-dose  group,  20/38  (52.6%)  in  the 
mid-dose  group,  and  25/35  (71.4%)  in  the 
high-dose  group.  Table  VI-1  contains  a 
summary  of  the  lung  tumor  data  from 
this  study. 

OSHA  concluded  that  the  Takenaka 
study  was  particularly  suitable  for 
quantitative  risk  assessment  for  several 
reasons.  First,  the  exposures  were  well 
documented.  The  study  was  run  with 
concurrent  controls,  and  a  statistically 
significant  excess  of  malignant 
neoplasms  in  the  exposed  rats  and  a 
statistically  significant  dose-response 
relationship  were  observed.  Finally,  the 
route  of  exposure  used  in  this  study 
(inhalation)  is  the  primary  exposure 
route  in  most  occupational  settings. 


Table  VI-1  .—Incidence  of  Lung  Carcinomas  in  Male  Wistar  Rats  Exposed  to  Cadmium  Chloride  Aerosols  • 


Tumor  type 

Controls 

(percent) 

12.5  pg/m* 
(percent) 

25  pg/m* 
(percent) 

50  pg/m* 
(percent) 

0/38  (0) 
0/38  (0) 
0/38  (0) 

4/39  (10) 
2/39  (5) 
0/39(0) 

15/38  (39) 

14/35  (40) 

4/38  (11) 

7/35  (20) 

Mucoepidermoid  carcinoma . - . . . . . 

0/38  (0) 

3/35  (9) 
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Table  VI-1.— Incidence  of  Lung  Carcinomas  in  Male  Wistar  Rats  Exposed  to  Cadmium  Chloride  Aerosols  “—Continued 


Tumor  type 

Controls 

(percent) 

12.5  nQ/m* 
(percent) 

25  fig/m* 
(percent) 

50  >*g/m3 
(percent) 

0/38  (0) 
0/38  (0) 

0/39  (0) 
6/39  (15) 

1/38  (3) 

1/35  (3) 

20/38  (53) 

25/35  (71) 

Source:  Ex  18. 

*  Number  of  animals  with  lung  carcinoma  from  Takenaka  ef  aL  (Ex.  4-67). 


Quantitative  Risk  Assessment  Using 
Animal  Data 

The  extrapolation  of  carcinogenic  risk 
across  species  rests  on  the  assumption 
that  when  dose  is  measured  in 
equivalent  units  for  both  species,  then 
the  risk  associated  with  lifetime 
exposure  to  a  substance,  such  as 
cadmium,  is  the  same  for  each  species  at 
each  dose.  Exposure  levels  in  rats  were 
scaled  to  equivalent  doses  for  rats  and 
humans  by  expressing  dose  in  units  of 
micrograms  per  kilogram  of  body  weight* 
per  day  (pg/kg/day).  No  adjustments 
were  made  for  particle  size  due  to  a  lack 
of  precise  data  available  on  the  size  of 
cadmium  particles  to  which  workers  are 
exposed.  Without  specific  human 
absorption  data  on  various  cadmium 
compounds,  no  adjustment  was  made 
for  the  solubility  of  cadmium  chloride 
used  in  the  experiment 

The  probit,  logit,  Weibull,  multistage, 
and  one-hit  models  were  all  fit  to  the 
data.  As  indicated  in  the  OSHA 


proposal,  the  preliminary  Maximum 
Likelihood  Estimates  (MLEs)  of  excess 
cancer  deaths  following  45  years  of 
occupational  exposure  to  5  pg  Cd/m3 
were  estimated  to  be  11  (multistage),  15 
(one-hit),  0  (probit),  0.7  (logit),  and  4 
(Weibull)  per  1,000  workers  (Table  VI- 
2).  MLEs  of  excess  cancer  deaths 
following  45  years  of  occupational 
exposure  to  100  pg  Cd/m3,  the  current 
time-weighted  average  PEL  for  cadmium 
fume,  were  estimated  to  be  221 
(multistage),  266  (one-hit),  186  (probit), 
190  (logit),  and  210  (Weibull)  per  1,000 
workers.  OSHA  concluded  that 
regardless  of  which  model  would  be 
considered  the  “best,”  each  model 
indicates  that  a  reduction  of  the  PEL  to  5 
pg/m3  will  lead  to  a  significant 
reduction  in  risk.  However,  OSHA  relied 
primarily  upon  the  multistage  model  of 
carcinogenesis.  OSHA  agreed  with  the 
position  of  the  Office  of  Science  and 
Technology  Policy  (OSTP)  (Ex.  8-693)  in 
that  when  data  and  information  are 


limited,  and  when  much  uncertainty 
exists  regarding  the  mechanisms  of 
carcinogenic  action,  models  or 
procedures  which  incorporate  low-dose 
linearity  are  preferred  when  compatible 
with  limited  information.  The  multistage 
model  and  the  one-hit  model,  a  special 
case  of  the  multistage  model,  are  linear 
at  low  doses.  The  multistage  model 
incorporates  the  biological  assumption 
that  there  are  a  number  of  stages  that 
cell  lines  go  through  to  produce  a  tumor, 
and  a  carcinogen  exerts  its  effect  by 
increasing  the  rate  at  which  cell  lines 
pass  through  one  or  more  of  these 
stages.  In  the  form  in  which  it  was  used 
by  OSHA,  the  multistage  model  assumes 
there  is  no  threshold  of  exposure  below 
which  a  carcinogen  cannot  induce 
cancer.  Upper  confidence  limits  on  the 
excess  risk  from  low  exposures 
determined  using  the  multistage  model 
are  proportional  to  the  amount  of 
exposure,  i.e.,  the  dose  response 
relationship  is  linear  at  low  doses. 


Table  VI-2.— OSHA  Preliminary  Estimates  of  Excess  Cancer  Deaths  per  1,000  Workers  With  45  Years  Occupational 

Exposure  to  Cadmium  “  b 


Dose  (fig/m^ 

Multistage 

model 

One-hit 

model 

Probft 

model 

Logit  model 

Weibull 
model  • 

200 . „. .. 

485  (528) 
221  (312) 
109  (171) 
•87  (139) 
43  (72) 
21  (37) 
11  08) 
2(37) 
3.00 

2 

461  (541) 
266  (322) 
143  (177) 
116  (144) 
60  (75) 
30  (38) 
15  (19) 
3(4) 
3.63 

468  (552) 
186(278) 
44  (99) 
25  (64) 
2(H) 
0.2  (1) 
0(0) 
0(0) 
1.52 

469  (557) 
190  (280) 
58  (114) 
39  (82) 
11  (28) 
3(9) 

0  7  (3) 

0  (0.2) 
1.59 

445  (528) 
210  (299) 
90  (157) 
68  (126) 
28  (60) 
11  (28) 
4(13) 
0.5  (2) 
2.58 

100 . 

50. . 

40 . . . . 

20 . . . . . 

10 .  _ . 

5 . 

X2 

Degrees  of  freedom . . . _ . 

3 

1 

1 

1 

>0.25 

<0.50 

0.22 

0.21 

0.11 

Source:  Ex  18. 

■  Estimates  derived  using  data  from  the  Takenaka  rat  bioassay. 
*  Numbers  in  parentheses  are  the  95%  upper  confidence  limits. 


Epidemiological  Data 

Human  data  for  quantifying  lung 
cancer  risk  associated  with  cadmium 
exposure  was  found  in  a  mortality  study 
conducted  by  Thun  et  al.  (Ex.  4-68).  This 
study  is  a  historical  prospective  study  of 
602  white  men  employed  in  a  production 
area  of  a  cadmium  smelter  for  at  least 
six  months  between  1940  and  1969. 
Follow  up  was  through  1978.  Sufficient 


exposure  data  existed  to  determine 
exposure  levels  for  workers  and  a  dose- 
response  relationship  between  cadmium 
exposure  and  lung  cancer  mortality  was 
reported. 

Prior  to  1926,  the  cadmium  smelter 
functioned  as  an  arsenic  smelter. 
Because  arsenic  is  a  known  carcinogen 
resulting  in  lung  cancer,  the  cohort  was 
divided  into  two  subcohorts  for 
analysis:  a  sub-cohort  of  26  men  hired 


prior  to  1926  and  a  sub-cohort  or  576 
workers  hired  after  1926.  A  statistically 
significantly  elevated  incidence  of  death 
due  to  lung  cancer  (4  observed  versus 
0.56  expected)  was  found  in  the  sub¬ 
cohort  of  workers  hired  prior  to  1926. 
Among  the  workers  hired  after  1926, 16 
lung  cancers  were  observed  (versus 
10.87  expected).  Table  VI-3  contains  a 
summary  of  the  lung  cancer  data  from 
Thun  et  al.  (Ex.  4-68). 
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Table  VI-3.— Data  Used  for  Estimating  Risks  From  a  Mortality  Study  of  Cadmium  Smelter  Workers  by  Thun  et  al 

Cumulative  exposure  (mg/m^days) 

Person  years 
at  nsk 

No.  lung 
cancers 
oo  served 

No.  lung 
cancers 
expected  • 

SMR 

<584 . . . 

585-2920 . . . 

7005 

5825 

2 

7 

3.77 

4.61 

53 

152 

>2921 . . . . . 

2214 

7 

2.50 

280 

Cumulative  exposure  (mg/m*4ays) 

TWA  eouivalent  (jig/m^ 

Median  dose  d 

Continuous 

40-year b 

45-year ' 

(mg/m3-aays) 

years) 

<584 . 

585-2920 . 

>40 

40-200 

>36 

36-178 

280 

1210 

168 

7?7 

>2921 . 

>200 

>178 

4200 

2522 

Source:  Ex.  18. 


*  Expected  incidence  based  on  calendar  time,  age-specific  death  rates  for  U.S.  white  males. 
"Calculated  as  (cumulative  dose x  1  ooo) /(365 x 40). 

'Calculated  as  (cumulative  dosex1000)/(365  x45). 
d  As  provioed  by  Thun  to  ERA. 

•  Calculated  as  median  dose  x  1 000  x  (8/24)  x  (1  /365)  x  (240/365). 


Airborne  cadmium  concentrations 
were  measured  by  Smith  et  al.  (Ex.  4-64) 
as  8-hour  TWA  for  nine  departments  in 
the  smelter  and  for  office  and 
laboratories  combined  (nonproduction 
work  areas).  Exposure  for  each  of  these 
areas  was  classified  as  high  exposure  or 
low  exposure.  Estimates  of  individual 
cumulative  cadmium  exposure  were 
based  on  the  period  of  time  a  worker 
was  employed  in  a  high  or  low  exposure 
dose  area. 

Using  this  exposure  information,  Thun 
et  al.  divided  the  post-1926  cohort  into 
three  exposure  groups:  A  low-dose 
group  with  a  cumulative  exposure  of 
less  than  584  mg/m3-days,  a  mid-dose 
group  with  cumulative  exposures  of  585- 
2920  mg/m3-days,  and  a  high-dose  group 
with  cumulative  exposures  of  greater 
than  2921  mg/m3-days.  Based  on  this 
division,  a  dose-response  relationship 
between  cadmium  and  death  from  lung 
cancer  was  observed.  For  the  low-dose 
group,  two  deaths  due  to  lung  cancer 
were  observed  while  3.77  were  expected 
(RR=0.53).  For  the  mid-dose  group, 
seven  deaths  due  to  lung  cancer  were 
observed  while  4.61  were  expected 


(RR=1.52).  For  the  high-dose  group, 
seven  deaths  due  to  lung  cancer  were 
observed  while  2.50  were  expected 
(RR=2.80). 

Quantitative  Risk  Assessment  Based  on 
Epidemiological  Data 

OSHA  quantified  risks  from  the  Thun 
data  using  an  absolute  risk  model  and  a 
relative  risk  model.  Both  are  linear 
models;  however,  the  two  models  are 
based  on  different  assumptions  which 
lead  to  different  estimates  of  risk.  The 
absolute  risk  model  is  based  on  the 
assumption  that  the  increased  lung 
cancer  mortality  rate  from  cadmium 
exposure  depends  only  upon  cadmium 
exposure  and  not  upon  age.  The  relative 
risk  model  rests  on  the  assumption  that 
the  ratio  of  the  lung  cancer  mortality 
risk  in  an  individual  exposed  to 
cadmium  to  what  his  mortality  risk 
would  be  if  he  had  not  been  exposed  to 
cadmium  depends  only  upon  cadmium 
exposure  and  not  upon  age.  Thus,  an 
absolute  risk  model  would  predict  the 
same  lung  cancer  mortality  rate  from 
cadmium  exposure  in  20-year  olds  as  in 
50-year  olds,  given  equal  cadmium 


exposures,  whereas  the  relative  risk 
model  would  predict  a  higher  rate  from 
cadmium  exposure  in  50-year  olds 
because  50-year  olds  have  a  higher 
background  rate  of  lung  cancer  than  20- 
year  olds. 

The  estimates  of  excess  lung  cancer 
death  from  the  relative  risk  model  were 
approximately  twice  as  large  as  those 
from  the  absolute  risk  model,  but  both 
models  predicted  significant  risk  at  the 
current  OSHA  PEL  of  100  pg/m3.  As 
published  in  the  proposal,  at  100  p,g/m3, 
these  models  predicted  between  16  and 
30  excess  lung  cancer  deaths  per  1000 
exposed  workers.  At  exposure  levels  as 
low  as  5  pg/m3,  the  excess  risk  of  lung 
cancer  death  estimated  by  these  models 
was  0.8  per  1000  exposed  workers  for 
the  absolute  risk  model  and  1.6  per  1000 
.  exposed  workers  for  the  relative  risk 
model.  At  exposure  levels  of  1  jxg/m3  the 
excess  risk  of  lung  cancer  death 
estimated  by  these  models  was  0.2  per 
1000  exposed  workers  for  the  absolute 
risk  model  and  0.3  per  1000  exposed 
workers  for  the  relative  risk  model.  (See 
Table  VI-4.) 


Table  VI-4.— OSHA  Preliminary  Estimates  of  Excess  Lung  Cancer  Deaths  per  1,000  Workers  With  45  Years 

Occupational  Exposure  to  Cadmium  ,  b 


Dose  Oig/m^ 

Number  of  excess  deaths 

TWA 

Continuous c 

Absolute  risk 
mooel 

Relative  risk 
model 

200 . 

4.384 

32.3  (4,60) 

16.3  (2,30) 

8.2  (1,15) 
6.6  (0.7,12) 

3.3  (0.4,6) 
1.6  (0.2,3) 
0.8  (0.1,2) 
0.2  (0,0.3) 

60.2  (8, 1091 

100 . 

2.192 

30.7  (4,57) 

50 . . . . . 

1.096 

15.5  (2,291 

40 . 

0.877 

12.5  (2,231 

20 . 

0.438 

6.3  (0.8,12) 

10 . . . . . . 

0.219 

3.1  (0.4,61 

5 . . 

0.110 

1.6  (0.2,3) 

1 . . . . . 

0.022 

0.3  (0,0.6) 

Source:  Ex.  18. 

*  Estimates  derived  using  data  from  the  Thun  mortality  study  of  cadmium  smelter  workers. 
b  Numoers  in  parentheses  are  5%  lower  and  95%  upper  confidence  limits. 
c  Assumes  exposure  occurs  for  8/24  hours  and  240/365  days. 
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OSHA  proposed  a  PEL  of  1  p.g/m3 
based  on  the  risk  assessment  using  the 
Takenaka  rat  bioassay.  However,  there 
is  support  for  the  use  of  the  Thun  et  al. 
data  for  establishing  an  exposure  level 
because  no  extrapolation  across  species 
is  required.  Estimates  of  risk  based  on 
the  TTiun  data  are  lower  than  those  from 
the  Takenaka  data,  and  support  a  PEL  of 
5  pg/m3.  OSHA  therefore  proposed 
alternated  PELs  of  1  fig/m3  and  5  pg/m3 
based  in  part  on  the  estimates  of  risk 
from  Takenaka  et  al.  (Ex.  4-67)  and 
Thun  et  al.  (Ex.  4-68)  and  in  part  upon 
the  concerns  for  the  technological 
feasibility  of  achieving  a  PEL  of  1  pg/m3. 

Summary  of  Quantitative  Risk 
Assessment  for  Kidney  Dysfunction 
From  Proposed  Rule 

In  its  proposal,  OSHA  quantified  the 
risk  of  kidney  dysfunction  associated 
with  cadmium  exposure  using  two 
studies  of  cadmium  workers  that 
contained  adequate  data  for  such  an 
assessment.  One  of  the  studies  was  a 
study  of  cadmium  smelter  workers 
conducted  by  Ellis  et  al.  (Ex.  4-27).  The 
other  study  was  of  workers  at  a 
refrigeration  compressor  production 
plant  conducted  by  Falck  et  al.  (Ex.  4- 
28).  Kidney  dysfunction  was  defined  in 
both  studies  as  an  excess  of  urine 
protein,  specifically  02-microglobulin,  a 
low  molecular  weight  protein  that,  when 
found  in  the  urine,  indicates  that 
damage  has  occurred  to  the  proximal 
tubules  and/or  glomerulus.  Because  this 
damage  may  be  irreversible  and  can 
lead  to  more  serious  health  effects, 
OSHA  considers  this  dysfunction  to 
represent  material  impairment  of  health. 

Ellis  et  al.  studied  82  workers  at  the 
same  smelter  that  was  investigated  by 
Thun  et  al.  (Ex.  4-68;  see  discussion 
above  in  summary  of  cancer  QRA).  Air 
concentrations  of  cadmium  in  a  given 
work  area  were  estimated  using 
industrial  hygiene  data  provided  by 
Smith  (Ex.  4-64).  A  cumulative  exposure 
was  estimated  for  each  worker  based  on 
these  air  concentrations  and  duration  of 
work  in  a  given  work  area.  Twenty-four 
hour  urine  samples  were  obtained  from 
each  worker  and  used  to  determine 
whether  a  worker  had  abnormal  kidney 
function.  Kidney  function  was  judged  to 
be  abnormal  if  urinary  levels  of  02- 
microglobulin  exceeded  200  pg/g 
creatinine  or  if  total  urinary  protein 
levels  exceeded  250  mg/g  creatinine. 
Eighteen  out  of  51  active  workers  and  23 
out  of  31  retired  workers  were  classified 
as  having  abnormal  kidney  function. 

The  mean  time-weighted  inhalation 


exposure  estimate  for  active  workers 
with  abnormal  kidney  function  was  1690 
pg/m3-years  and  for  retired  workers 
with  abnormal  kidney  function  was  3143 
pg/m3-years. 

Falck  et  al.  studied  33  male  workers  at 
a  plant  which  produces  refrigeration 
compressors  with  silver  brazed  copper 
fittings.  The  silver  brazing  consisted  of 
18-24%  cadmium.  Estimates  of 
cumulative  exposure  were  made  for 
each  worker  based  on  data  from  air 
monitoring  done  by  the  Michigan 
Department  of  Industrial  Health.  The 
mean  estimated  cadmium  exposures 
were  39  pg/m3  for  11  years  of  operation 
for  the  automated  brazing  line  and  110 
pg/m3  for  21  years  of  operation  for  the 
manual  line.  A  time-weighted  exposure 
was  estimated  for  each  worker  based  on 
the  length  of  time  in  each  brazing  line. 
Twenty-four  hour  urine  samples  were 
obtained  for  eight  of  the  33  workers  who 
were  found  to  have  elevated  protein 
levels  in  spot  urine  samples.  Seven  of 
these  eight  workers  were  found  to  have 
urinary  protein  levels  in  excess  of  the 
95%  tolerance  limit,  based  on  urinary 
protein  levels  in  41  unexposed  workers 
who  served  as  controls.  Based  on  this 
increase  in  urinary  protein  in  exposed 
workers  compared  to  unexposed 
controls,  these  seven  workers  were 
judged  to  have  abnormal  kidney 
function. 

Using  the  logistic  regression  model 
and  data  provided  by  Ellis  et  al.  and 
Falck  et  al.,  OSHA  estimated  the  risk  of 
kidney  dysfunction  from  45  years  of 
exposure  to  a  variety  of  occupational 
doses  of  cadmium.  Estimates  of  kidney 
dysfunction  per  1,000  workers  with  45 
years  of  occupational  exposure  to  5  pg/ 
m3  were  164.6  using  the  Ellis  et  al.  data 
and  9.0  using  the  Falck  et  al.  data.  (See 
Table  VI-5.) 

Table  V 1-5.— OSHA  Preliminary  Esti¬ 
mates  of  Kidney  Dysfunction  per 

1,000  Workers  With  45  Years  of 
Occupational  Exposure  to  Cadmium 


8-Hour 

TWA 

dose 

Cumulative 
dose  (fig/ 
m’-yrs) 

Incidence  of  kidney 
dysfunction 

Ellis  model 

Falck  model 

1 . 

4.5 

26.1 

0.1 

5 . 

22.5 

164.6 

9.0 

10 . 

45.0 

317.7 

58.9 

20 _ 

90.0 

523.7 

300.5 

40 . 

180.0 

722.0 

748.7 

50 . 

225.0 

774.0 

845.7 

100 _ 

450.0 

890.0 

974.1 

Source:  Ex.  18. 


New  Evidence  and  Issues  Arising  Since 
Publication  to  OSHA’s  Proposed  Rule 

Since  the  quantitative  risk  assessment 
was  conducted  for  the  proposed  rule  for 
cadmium,  new  information  has  become 
available  which  prompted  a  re- 
evaluation  of  the  risk  assessment 
conducted  by  OSHA.  Additional  animal 
studies  have  been  conducted  that  - 
demonstrate  an  increased  risk  of  lung 
cancer  in  animals  following  exposure  to 
cadmium  (Exs.  8-694B,  8-694D,  L-140- 
29F).  The  only  animal  study  available 
for  the  risk  assessment  in  the  proposed 
rule  which  provided  quantitative 
information  concerning  the 
carcinogenicity  of  cadmium  was  the 
study  conducted  by  Takenaka  et  al.  (Ex. 
4-67).  This  study  was  conducted  in  male 
rats  only  and  exposure  was  to  cadmium 
chloride.  Preliminary  results  from  a 
study  conducted  by  Oldiges  et  al.  (Exs. 
12-10i,  12-10h,  and  12-35)  were 
available  and  provided  qualitative 
evidence  that  supported  the 
carcinogenicity  of  cadmium.  However, 
because  these  were  preliminary  results, 
they  were  not  evaluated  quantitatively. 
Since  the  proposed  rule,  the  final  results 
of  the  Oldiges  et  al.  study  (Ex.  8-694D) 
have  been  published,  as  well  as  a  later 
report  of  this  same  study  (Glaser  et  al. 
Ex.  8-694B).  In  Oldiges  et  al.  and  Glaser 
et  al.,  groups  of  male  and  female  Wistar 
rats  were  exposed  to  various  cadmium 
compounds.  These  studies  demonstrated 
that  various  cadmium  compounds 
caused  lung  tumors  in  male  and  female 
rats. 

The  followup  of  the  major 
epidemiological  study  available  at  the 
time  of  the  proposed  rule  has  been 
extended  (Ex.  4-68).  The  Thun  et  al. 
cohort  reported  in  the  proposed  rule  was 
followed  up  through  1978.  Since  that 
time  the  cohort  has  been  followed 
through  1984. 

Since  the  proposed  rule  was  issued, 
Stayner  et  al.  (Ex.  L-140-20)  have 
completed  a  risk  assessment  based  on 
the  Thun  cohort  that  differs  in  several 
respects  from  the  one  reported  in  the 
proposed  rule.  The  Stayner  et  al.  risk 
assessment  is  based  on  a  followup  of 
the  Thun  cohort  through  1984,  whereas 
the  risk  assessment  reported  in  the 
proposed  rule  was  based  on  followup 
only  through  1978.  Stayner  et  al.  had 
access  to  the  unprocessed  data  from  the 
Thun  cohort  and  consequently  was  able 
to  conduct  a  wider  range  of  analyses  in 
its  risk  assessment  than  was  possible 
based  on  just  the  data  reported  in  the 
published  Thun  report  (Ex.  4-68).  In 
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addition,  Lamm  et  al.  (Ex.  144-7-b)  have 
conducted  a  case  control  analysis  of 
lung  cancer  cases  from  the  same  cohort 
as  that  studied  by  Thun  et  al. 

Several  studies  concerning  the  kidney 
effects  observed  in  workers  following 
exposure  to  cadmium  were  not 
evaluated  quantitatively  in  the  proposed 
rule,  and  these  studies  provide 
quantitative  information  that  would  be 
useful  in  evaluating  the  risk  of  kidney 
effects  following  exposure  to  cadmium. 

In  its  proposed  rule,  OSHA  quantified 
the  risk  of  kidney  dysfunction  due  to 
cadmium  exposure  using  only  the 
studies  by  Falck  et  al.  (Ex.  4-28)  and 
Ellis  et  al.  (Ex.  4-27).  OSHA  has  since 
identified  four  additional  studies  that 
may  contain  useful  quantitative 
information.  These  include  a  study  by 
Elinder  et  al.  (Ex.  L-140-45)  of  a  cohort 
of  60  workers  who  had  previously  been 
exposed  to  cadmium  through  welder 
fume  and  dust  associated  with  the  use  of 
cadmium  soldiers,  a  study  by  Jarup  et  al. 
(Ex.  8-661)  of  440  workers  exposed  to 
cadmium  at  a  Swedish  battery  plant,  a 
study  by  Mason  et  al.  (Ex.  8-669A)  of  75 
workers  exposed  to  copper-cadmium 
alloy  in  a  factory  in  the  United  Kingdom, 
and  a  study  by  Thun  et  al.,  which  is 
based  on  the  same  population  of  smelter 
workers  studied  earlier  by  Ellis  et  al. 

(Ex.  4-27). 

Several  issues  concerning  the 
quantitative  risk  assessment  for  cancer 
in  the  proposed  rule  have  been  raised 
that  also  prompted  a  reevaluation  of 
OSHA'8  risk  assessment.  Concerns  were 
raised  over  the  appropriateness  of  the 
Takenaka  et  al.  study  for  quantitative 
risk  assessment  by  the  Office  of 
Management  and  Budget  (OMB)  (Ex.  17), 
Dr.  Oberdorster  (Ex.  31),  Richard 
Bidstrup,  Counsel  for  SCM  Chemicals, 
Inc.  (Ex.  19-42A),  as  well  as  others.  The 
main  issue  was  that  in  the  Takenaka  et 
al.  study  the  rats  were  exposed 
continuously  to  cadmium  chloride,  while 
in  the  workplace  exposure  is  not 
continuous  and  is  mostly  to  cadmium 
oxide  (Ex.  19-43).  Therefore,  the 
Takenaka  et  al.  study  was  reevaluated 
to  determine  its  relevance  for  the 
quantitative  risk  assessment  of 
cadmium. 

Mr.  Leonard  Ulicny  (Ex.  144-17)  and 
the  Dry  Color  Manufacturers 
Association  (Ex.  144-20)  have  requested 
that  cadmium  sulfide  should  have  a 
separate  PEL  from  other  cadmium 
compounds.  This  request  is  based  on  the 
view  that  cadmium  sulfide  is  less 
soluble  in  the  human  body,  and 
therefore  less  toxic,  than  other  cadmium 
compounds.  Both  commenters  noted  that 
the  preparation  of  cadmium  sulfide  in 
the  studies  conducted  by  Glaser  et  al. 


(Ex.  8-694B)  and  Oldiges  et  al.  (Ex.  8- 
694D)  consisted  of  cadmium  sulfide 
particles  in  suspension  and  subjected  to 
light.  The  commenters  concluded  that 
this  reaction  could  be  responsible  for 
the  effects  observed  in  animals 
following  exposure  to  cadmium  sulfide 
which  they  believe  should  be  attributed 
to  another  cadmium  compound,  namely 
cadmium  sulfate.  Analyses  have  been 
conducted  and  reported  by  Dr. 
Oberdorster  (Ex.  141)  and  Dr.  Heinrich 
(Ex.  142)  which  need  to  be  evaluated  to 
determine  if  cadmium  sulfide  should 
have  a  separate  PEL. 

OMB  (Ex.  17)  questioned  the  impact  of 
the  Heinrich  et  al.  (Ex.  L-140-29F)  study 
on  the  relevance  of  the  quantitative  risk 
assessment.  The  Heinrich  et  al.  study 
was  conducted  in  mice  and  hamsters. 
OMB  thought  that  this  study  provided 
negative  data  and  could  possibly  show 
that  the  carcinogenic  effect  of  cadmium 
may  be  species-specific,  because  this 
study  provided  the  only  relevant  data  in 
species  other  than  rat.  This  study  was 
reevaluated  to  determine  if  the  study 
could  actually  be  considered  negative 
and  its  impact  on  the  quantitative  risk 
assessment  of  cadmium. 

In  the  quantitative  risk  assessment  for 
cancer  using  animal  bioassay  data, 
OSHA  performed  its  interspecies 
extrapolation  assuming  the  risks  were 
equal  across  species  when  dose  across 
species  was  equal  on  a  body  weight 
basis.  Dr.  Oberdorster  (Ex.  31)  has 
recommended  the  use  of  lung  dosimetry 
instead  of  equivalency  based  on  body 
weight.  The  methodology  recommended 
by  Dr.  Oberdorster  will  be  considered  in 
the  reevaluation  of  OSHA’s  risk 
assessment. 

The  appropriateness  of  the  Thun  et  al. 
cohort  for  quantitative  risk  assessment 
was  questioned  by  many  commenters 
(Exs.  38, 19-43,  L-140(23),  144-8a,  144- 
8b,  144-8c,  144-170).  The  Globe  plant 
from  which  the  cohort  was  taken  was 
formerly  an  arsenic  smelter  and  many 
commenters,  including  George  M. 
Obelodobel,  Vice-President  and  General 
Manager  of  Big  River  Zinc  Corporation 
(Ex.  19-30),  Richard  Bidstrup,  Counsel 
for  SCM  Chemicals,  Inc.  (Ex.  19-42A), 
OMB  (Ex.  17)  and  The  Cadmium  Council 
(Ex.  119),  thought  that  arsenic,  a  known 
human  carcinogen,  may  have  been  a 
contributing  factor  to  the  lung  cancer 
observed  in  this  cohort.  Thun  et  al.  had 
conducted  an  analysis  of  the 
contribution  of  arsenic  to  the  risk  of  lung 
cancer  observed  in  their  study. 

However,  this  analysis  was  questioned 
(Ex.  17).  Cigarette  smoking  was  also 
mentioned  by  several  of  these  reviewers 
as  a  possible  confounding  factor.  These 


issues  were  considered  in  the 
reevaluation  of  the  Thun  et  al.  cohort. 

The  appropriateness  of  the 
mathematical  dose-response  models 
used  in  the  quantitative  risk 
assessments  was  raised  as  an  issue  by 
several  commenters.  In  particular,  the 
use  of  the  linearized  multistage  model  as 
the  most  appropriate  model  for  the 
animal  cancer  quantitative  risk 
assessment  was  raised  by  OMB  (Ex.  17), 
as  well  as  the  use  of  the  absolute  and 
relative  risk  models  for  the  quantitative 
risk  assessment  based  on  human 
epidemiological  data  (Exs.  17,  38).  The 
risks  from  the  animal  and  human 
quantitative  risk  assessments  for  cancer 
were  also  compared  when  these  risk 
assessments  were  reevaluated.  For  the 
quantitative  risk  assessment  of  the 
kidney  effects  of  cadmium,  several 
commentors,  including  The  Cadmium 
Council  (Exs.  119, 19-43)  recommended 
the  use  of  the  probit  model  for 
evaluating  the  kidney  effects  of 
cadmium  rather  than  the  logistic  model 
used  by  OSHA. 

In  view  of  the  new  evidence  that  has 
become  available  since  the  proposed 
rule  and  the  comments  that  have  been 
received  concerning  the  proposed  rule, 
OSHA  has  decided  to  reevaluate  the 
quantitative  risk  assessments  for 
cadmium.  The  reevaluation  of  these 
quantitative  risk  assessments,  as  well  as 
a  discussion  of  the  major  issues  are 
included  below. 

Risk  Assessment  for  Lung  Cancer 

Assessment  of  Lung  Cancer  Risk  Using 
Animal  Data 

The  inhalation  study  conducted  by 
Takenaka  et  al.  (Ex.  4-67)  exposed  male 
rats  to  cadmium  chloride,  while  Oldiges 
et  al.  (Ex.  8-694D)  compared  the  results 
following  exposure  to  cadmium  chloride, 
cadmium  oxide  (dust  or  fume),  cadmium 
sulfate,  and  cadmium  sulfide  in  both 
male  and  female  rats.  In  the  Takenaka 
study,  groups  of  40  (41  in  the  control) 
male  Wistar  rats  were  exposed  to  a 
cadmium  chloride  aerosol  continuously 
(23  hr/d,  7  d/wk)  for  18  months  at 
nominal  concentrations  of  0, 12.5,  25,  or 
50  pg/ms  of  cadmium.  Rats  were 
observed  up  to  31  months;  necropsy  was 
performed  only  on  animals  that  had 
survived  at  least  18  months.  In  the 
Oldiges  et  al.  study  (Ex.  8-694D),  groups 
of  20  male  and  female  Wistar  rats  were 
exposed  to  cadmium  chloride  (30  or  90 
pg/m3),  cadmium  oxide  dust  (30  or  90 
pg/m3),  cadmium  oxide  fumes  (10  or  30 
pg/m3),  cadmium  sulfate  (90  pg/m3),  or 
cadmium  sulfide  (90,  270,  810,  or  2430 
pg/m3)  for  approximately  18  months  and 
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followed  for  up  to  approximately  31 
months. 

In  its  reassessment  of  cancer  risk 
based  on  animal  data  contained  in  the 
Takenaka  et  al.  (Ex.  4-67)  and  Oldiges  et 
al.  (Ex.  4-694D)  studies,  OSHA  has 
utilized  three  dose  response  models,  all 
of  which  are  different  versions  of  the 
multistage  model  of  cancer  The 
Armitage-Doll  multistage  model,  the 
multistage  model,  and  the  multistage- 
Weibull  model.  The  Armitage-Doll 
multistage  model  of  cancer  assumes  that 
individual  cell  lines  go  through  a  series 
of  stages  in  order  to  initiate  a  tumor,  and 
different  cell  lines  compete 
independently  to  be  the  first  to  produce 
a  tumor.  The  rate  at  which  cell  lines  go 
through  a  particular  stage  is  assumed  to 
be  increased  by  exposure  to  the 
carcinogen  by  an  amount  that  is 
proportional  to  the  instantaneous  dose 
of  the  carcinogen.  This  implementation 
of  the  Armitage-Doll  theory  was 
proposed  for  risk  assessment  by  Crump 
and  Howe  (1984).  This  model  is  fit  to 
time-to-tumor  data.  It  does  not  require  a 
TWA  measure  of  dose  as  input,  but 
instead  utilizes  the  full  time-varying 
pattern  of  dose  in  assessing  risk. 

The  multistage  model  (Crump,  1984)  is 
a  generalization  of  the  Aimitage-Doll 
model  that  provides  a  dose-response 
that  is  flexible  enough  to  model  both 
linear  and  non-linear  responses. 
However,  upper  statistical  confidence 
limits  on  risk  computed  using  this  model 
will  vary  linearly  with  dose  (hence,  this 
model  is  sometimes  called  the  linearized 
multistage  model).  This  model  is  applied 
to  quantal  data  on  the  number  of 
animals  with  tumors;  it  does  not  use 
information  on  the  time  required  for 
tumors  to  appear. 

The  multistage-Weibull  model 
(Krewski  et  al.,  1983)  is  an  extension  of 
the  linearized  multistage  model  that  is 
applicable  to  time-to-tumor  data.  This 
model  assumes  that  the  probability  of  a 
tumor  as  a  function  of  dose,  for  a  fixed 
age,  has  the  same  form  as  the 
(linearized)  multistage  model,  and  the 
probability  of  tumor  as  a  function  of  age, 
for  a  fixed  dose,  has  a  Weibull 
distribution. 

Both  the  Armitage-Doll  model  and  the 
multistage-Weibull  model  require 
information  on  the  time  at  which  tumors 
were  discovered  (time-to-tumor  data), 
whereas  the  multistage  model  does  not 
require  this  information.  Since  time-to- 
tumor  data  were  not  available  from 
Takenaka  et  al.,  the  Armitage-Doll  and 
multistage-Weibull  models  were  applied 
only  to  data  from  Oldiges  et  al.  These 
time  to  tumor  data  were  obtained  by 
OSHA  from  an  unpublished  report  from 
the  Oldiges  et  al.  study  (Ex.  73).  Both  of 
the  models  that  utilize  time-to-tumor 


data  require  information  on  whether  or 
not  a  tumor  was  fatal  or  incidental  (i.e., 
observed  incidentally  at  death  from  a 
different  cause).  OSHA  did  not  have 
information  regarding  whether  the  lung 
tumors  in  the  Takenaka  et  al.  or  Oldiges 
et  al.  studies  were  fatal  or  incidental, 
and  consequently  applied  the  models 
using  both  assumptions.  These  two 
approaches  were  found  to  give 
comparable  results,  and  only  results 
based  on  the  assumption  that  all  lung 
tumors  were  incidental  are  reported 
herein.  These  two  approaches  estimate 
different  end  points.  When  all  tumors 
are  assumed  to  be  incidental,  these 
models  estimate  the  probability  of 
having  a  tumor  large  enough  to  be 
observed  in  a  histological  examination 
by  a  given  age;  however,  if  all  tumors 
are  assumed  to  be  fatal,  the  models 
estimate  the  probability  of  dying  from  a 
tumor  by  a  given  age. 

Both  the  Armitage-Doll  and 
multistage-Weibull  require  that  an 
animal’s  age  be  specified  to  estimate 
risk.  (These  models  estimate  the 
probability  of  an  animal  acquiring  a 
tumor  by  a  particular  age.)  The  age  used 
to  estimate  risk  from  each  study  of  a 
particular  cadmium  compound  by 
Oldiges  et  al.  is  the  duration  of  the  study 
(days  on  test  of  the  last  animal  to  die). 

TTie  Oldiges  et  al.  study  involved 
groups  in  which  animals  were  dosed  for 
varying  periods  of  time  and  the  lifespans 
of  the  animals  in  some  of  the  groups 
were  reduced,  apparently  as  a  result  of 
cadmium  toxicity.  Since  the  multistage 
model  does  not  take  into  account 
reduced  lifespans,  this  model  was  only 
fit  to  data  from  groups  in  which 
exposures  lasted  for  at  least  14  months 
(reduced  survival  appeared  to  be  less  of 
a  problem  in  such  groups.)  With  this 
method  of  fitting,  the  multistage  model 
gave  an  acceptable  fit  (based  on  a  chi- 
square  goodness-of-fit  test)  to  all  of  the 
data  sets. 

The  Armitage-Doll  and  multistage- 
Weibull  models  were  fit  to  all  of  the 
data  on  each  cadmium  compound. 
However,  if  these  models  did  not 
adequately  fit  the  data,  data  at  the 
highest  dose  level  was  removed  from  the 
model  fit.  Data  related  to  the  highest 
dose  level  may  be  the  least  relevant  to 
dose  response  modelling  when  there  is  a 
response  at  lower  dose  levels  because  of 
high  or  similar  tumor  responses  at  lower 
dose  levels,  reduced  survival,  or  the 
possibility  of  altered  metabolism 
including  saturation  of  major  or  primary 
metabolic  pathways  at  the  highest  dose 
levels.  Removing  data  from  the  highest 
dose  level  resulted  in  reducing  the 
number  of  dose  groups  for  male  rats 
exposed  to  CdO  dust  and  for  both  male 
and  female  rats  exposed  to  CdS  when 


applying  the  multistage-Weibull  model. 
However,  the  Armitage-Doll  model  gave 
an  adequate  fit  to  all  of  the  data  sets 
without  any  dose  groups  omitted. 

The  Armitage-Doll  model  makes  use 
of  the  exact  time-varying  pattern  of 
exposure.  The  dose  of  cadmium  (in  units 
of  p.g/kg/day)  applied  to  this  model 
during  a  period  in  which  exposure  was 
occurring  was  calculated  as 

DOSE=CC*IR‘FD/W. 

where 

CO  [ug/m*l=airbome  cadmium 
concentration; 

IR  [m3/ day] = volume  of  air  inhaled  per  day 
(assumed  to  be  0.254  m3/day  for  male 
rats  and  0.223  m3/day  for  female  rats); 
FD= fraction  of  day  exposed; 

W  [kg] = average  weight  of  rats  at  18  months 
(assumed  to  be  0.43  kg  for  males  and  0.35 
kg  for  females). 

A  dose  of  zero  was  applied  during  a 
period  in  which  the  animals  were  not 
exposed. 

The  multistage  and  multistage- 
Weibull  models  require  that  a  single 
summary  dose  be  applied  that 
represents  the  average  daily  dose, 
including  periods  in  which  animals  were 
not  exposed.  This  adjusted  dose  was 
calculated  from  the  unadjusted  dose  as 
follows: 

ADJDOSE = DOSE*ME/MO, 
where 

ME = number  of  months  rats  were  exposed; 
MO = number  of  months  rats  were  observed 
(estimated  as  the  number  of  days  on  test 
of  the  last  rat  to  die  in  an  experiment). 

To  estimate  human  risk  from  these 
models,  a  human  exposure  is  calculated 
in  units  of  p.g/kg/day  and  applied  to  the 
dose  response  model  estimated  from  the 
animal  data.  Human  exposures  were 
assumed  to  be  occupational  and  to  last 
from  age  20  to  age  65.  For  the  Armitage- 
Doll  model,  the  corresponding  exposure 
period,  expressed  in  terms  of  the  life  of 
a  rat,  was  from  [20/74*MO]  to  [65/ 

74*  MO]  days,  where  MO  is  defined 
above.  The  average  daily  dose  (in  units 
of  p,g/kg/day)  during  the  exposure 
period  was  calculated  as 
ADD  =  HCC*HIR/HW*[DW/365], 
where 

HCC  [/xg/m3]= assumed  human  airborne 
cadmium  concentration; 

HIR= volume  of  air  inhaled  per  8  hour  shift 
(assumed  to  be  10  m3/day); 

HW  [kg] = human  body  weight  (assumed  to 
be  70  kg); 

DW=days  worker  per  year  (assumed  to  be 
250).  . 

To  calculate  the  corresponding  average 
daily  human  exposure,  averaged  over 
the  entire  lifespan,  which  is  required  to 
estimate  human  risk  from  the  multistage 
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and  multistage-Weibull  models,  ADD 
was  adjusted  as  follows: 

ADJADD= ADD  *45/74, 

where  45  is  the  number  of  years  of  work 
and  74  is  the  assumed  human  lifespan. 

Table  VI-6  contains  the  results  of 
applying  these  three  models  to  ten  data 


sets  from  the  Takenaka  et  al.  and 
Oldiges  et  al.  studies  involving  male  or 
female  rats  exposed  to  five  different 
types  of  cadmium.  This  table  presents 
estimates  of  excess  lung  cancer  deaths 
per  1000  workers  having  45  years  of 
occupational  exposure  to  TWA 
cadmium  exposures  of  1,  5, 10,  or  100 


pg/m*.  Upper  and  lower  95%  confidence 
limits  for  the  expected  number  of  excess 
deaths  are  presented  for  the  multistage 
model,  but  only  upper  95%  confidence 
limits  are  presented  for  the  other  two 
models  because  of  the  lack  of  a 
computer  program  to  calculate  lower 
limits  for  these  models. 


Table  VI-6.— Estimates  Derived  From  Animal  Data  of  Excess  Cancer  Deaths  per  1000  Workers  With  45  Years  of 

Occupational  Exposure  to  Cadmium 


Reference 

Type 

exposure 

Sex 

Multistage  model 

Armitage-Doil  model 

Multistage-Weibull  Model 

MLE* 

95%  upper 
bound 

95%  lower 
bound 

MLE 

95%  upper 
bound 

MLE 

95%  upper 
bound 

1 

Exposui 

1  ■  ■■■': . "l 

■e  to  TWA  of 

i - 

1  pg/m9 

i - 

l - 

I - 

I - 

i - 

Oldiges  et  at. _ 

Takenaka  etaL. _ 

Oldiges  etaL . 

Oldiges  et  al. _ _ 

Oldiges  et  at. . . 

Oldiges  et  at. _ 

Oldiges  et  at. _ 

Oldiges  et  at. _ 

Oldiges  et  at. _ 

Oldiges  etaL _ 


CdCI2 
CdCt2 
CdO-Dust 
CdO-Fume 
CdS 
CdS04 
CdCI2 
CdO-Dust 
CdS 
CdS04 


Male 

Male.... 

Male... 

Male... 

Male.. 

Male . 

Female 

Female 

Female 

Female 


5.7 
3.0 
5.0 

0.0025 

1.1 

1.5 

3.7 
4.9 
1.4 
2.0 


8.9 

5.1 
7.0 
0.66 

1.5 

2.6 

6.2 
7.7 

1.9 
3.1 


3.4 
0.78 

3.5 

0.00079 

0.74 

0.83 

2.0 

2.9 

0.95 

1.2 


7.3 

12  ~ 
0.068 
4.0 
0.50 
4.7 
13 
4.9 
11 


10 

17 
0.16 

5.3 
0.90 

7.4 

18 

6.5 
19 


0.046 

4.4 

0.0037 

1.1 

5.3 

5.7 

4.9 

1.5 
7.2 


16 

6.2~ 

1.2 

1.5 

11 

10 

7.3 

2.2 

20 


CdCt2 

CdCI2 

CdO-Dust 

CdO-Fume 

CdS 

CdS04 

CdQ2 

CdO-Dust 

CdS 

CdS04 


CdC12 

CdCt2 

CdO-Dust 

CdO-Fume 

CdS 

CdS04 

CdCt2 

CdO-Dust 

CdS 

CdS04 


CdCI2 

CdCl2 

CdO-Dust 

CdO-Fume 

CdS 

CdS04 

CdCI2 

CdO-Dust 

CdS 

CdS04 


Exposure  to  TWA  of  5  pg/m9 


Male . . 

28 

44 

17 

36 

51 

1.2 

76 

15 

25 

4.3 

Male . 

25 

35 

17 

61 

22 

31 

Male . 

0.061 

3.3 

0.020 

0.34 

0.095 

6.0 

Male . 

5.5 

7.6 

3.7 

20 

5.5 

7.6 

Male . 

7.6 

13 

4.2 

25 

26 

54 

Female . 

18 

31 

10 

23 

28 

49 

24 

38 

14 

63 

24 

36 

Female . 

6.8 

9.5 

4.7 

24 

7.4 

11 

10 

16 

6.1 

55 

35 

94 

Exposure  to  TWA  of  10  pg/m9 


Male . 

55 

85 

33 

71 

100 

4.7 

146 

Male . 

30 

49 

93 

Male . 

49 

68 

34 

117 

155 

43 

61 

Male . 

0.25 

6.8 

0.079 

0.68 

1.6 

0.38 

12 

Male . 

11 

15 

7.4 

40 

52 

11 

15 

Male . 

15 

25 

8.3 

5.0 

9.0 

51 

-  105 

Female . 

36 

60 

20 

46 

71 

56 

96 

Female . 

48 

75 

29 

121 

166 

48 

71 

Female . . 

14 

19 

9.5 

48 

63 

15 

22 

Female . 

20 

31 

12 

108 

171 

69 

179 

Exposure  to  TWA  of  100  pg/m9 


Male . 

433 

589 

289 

521 

650 

374 

793 

302 

398 

211 

Male . 

396 

607 

293 

713 

813 

357 

465 

Male . 

24 

64 

7.9 

6.8 

15 

37 

113 

Male . 

104 

142 

72 

333 

412 

104 

141 

Male . _ . 

142 

226 

80 

49 

87 

409 

669 

310 

463 

182 

376 

523 

436 

634 

Female . 

388 

541 

251 

726 

838 

386 

521 

Female . 

128 

173 

91 

386 

478 

138 

197 

Female- . 

183 

269 

116 

681 

847 

512 

862 

*  MLE  =  Maximum  likelihood  estimate. 


The  maximum  likelihood  estimates 
(MLE8)  based  on  the  Takenaka  et  al. 

(Ex.  4-67)  from  OSHA’s  reassessment 
are  slightly  different  than  the  estimates 
reported  in  the  proposed  rule.  The 
estimates  of  excess  cancer  risk  based  on 
the  Takenaka  et  al.  data  were  10.6  per 
1.000  workers  following  45  years  of 


occupational  exposure  to  5  pg/m’in  the 
proposed  rule,  but  in  the  new 
assessment,  this  risk  has  changed 
slightly  to  15  per  1,000  workers.  This 
difference  is  due  to  a  change  in  the 
method  used  to  convert  the  animal  dose 
in  pg/ms  to  pg/kg/day  in  the  Takenaka 
et  al.  rat  bioassay.  In  the  proposed  rule. 


it  was  assumed  that  the  average 
survival  for  the  animals  in  the  study  was 
two  years;  therefore,  rats  were  exposed 
23  hours/day  for  75%  of  their  lifespan 
(18  months).  To  adjust  the  experimental 
dose  for  less  than  lifetime  exposure,  the 
experimental  dose  was  multiplied  by 
0.75  to  produce  an  equivalent  lifetime 
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dose.  However,  in  the  Takenaka  et  al. 
study,  animals  were  observed  for  up  to 
31  months,  with  50%  of  the  animals  in 
the  control  group  surviving  30  months. 
Normally,  to  adjust  for  less  than  lifetime 
exposure,  the  average  daily  exposure  is 
prorated  over  the  lifetime  of  the  animal 
(51  FR  33992;  Sept.  24, 1986).  This  is 
done  by  taking  a  ratio  of  the  number  of 
months  an  animal  is  exposed  to  the 
number  of  months  in  the  lifespan  of  the 
animal.  For  the  Takenaka  et  al.  study 
the  lifespan  is  assumed  to  be  31  months. 
Therefore,  in  the  reassessment  based  on 
this  study  a  factor  of  18  months/31 
months  (58%)  rather  than  18  months/24 
months  (75%)  was  used,  resulting  in 
slightly  different  estimates  of  dose  and 
of  risk. 

The  multistage  model  and  Armitage- 
Doll  models  gave  an  acceptable  fit  to  all 
of  the  data  sets  (e.g.,  p  >  0.05,  based  on 
a  chi-square  goodness-of-fit  test). 
(However,  recall  that  the  multistage 
model  was  only  fit  to  data  in  which 
exposures  lasted  14  months  or  longer, 
whereas  the  other  two  models  were  fit 
to  all  of  the  data.)  The  multistage- 
Weibull  model  also  gave  an  acceptable 
fit  to  all  of  the  data  sets;  however,  to 
achieve  an  acceptable  fit  with  this 
model,  the  data  from  the  highest  dose 
was  deleted  in  the  analyses  involving 
exposure  of  males  and  females  to  CdS 
and  exposure  of  males  to  CdO  dust, 
(Also,  in  the  multistage  model  to  the 
data  on  exposure  of  male  rats  to  CdO 
dust,  the  average  exposures  in  the  two 
experimental  groups  differed  by  only 
about  5%,  and  these  two  groups  were 
therefore  combined  into  a  single 
exposure  group  for  model  fitting.) 

The  estimates  of  excess  risk  obtained 
from  these  models  were  consistently 
lower  based  on  exposure  to  CdO  fume 
than  to  other  forms  of  cadmium.  Dr. 
Oberdorster  also  noted  the  lower 
response  of  lung  tumors  in  the  Oldiges  et 
al.  study  after  exposure  to  CdO  fume 
and  concluded  that  this  observation 
could  most  likely  be  explained  by  a 
lower  lung  burden  of  cadmium  that 
resulted  from  a  lower  deposition 
fraction  of  the  inhaled  fume  particles 
(Ex.  31).  Estimates  of  risk  resulting  from 
other  types  of  exposure  agree  much 
more  closely.  With  the  exception  of  CdO 
fume  exposures,  the  ranges  of  estimates 
for  the  excess  lung  cancer  risk  from  45 
years  of  occupational  exposure  to  5  pg/ 
mJ  lifetime  are  as  follows:  multistage 
model,  5.5-28  excess  deaths  per  1000 
workers;  Armitage-Doll  model.  2.5-63 
excess  deaths  per  1000  workers; 
multi8tage-Weibull  model,  1.2-35  excess 
deaths  per  1000  workers.  If  exposure  is 
to  a  TWA  of  100  pg/m3,  the 
corresponding  ranges  are:  Multistage 


model,  104-433  excess  deaths  per  1000 
workers;  Armitage-Doll  model,  49-728 
excess  deaths  per  1000  workers; 
multistage-Weibull  model,  104-512 
excess  deaths  per  1000  workers. 

Discussion  of  Issues  Related  to  the  Risk 
Assessment  for  Lung  Cancer  Using 
Animal  Data 

Weigh t-of-Evidence  Provided  by  the 
Takenaka  Study 

A  weight-of-evidence  evaluation  is  the 
first  step  in  determining  the  likelihood 
that  a  chemical  is  a  human  carcinogen. 
According  to  EPA’s  methodology,  the 
evidence  is  characterized  separately  for 
human  studies  and  animal  studies  as 
sufficient,  limited,  inadequate,  no  data, 
or  evidence  of  no  effect.  The 
characterizations  of  the  animal  and 
human  data  are  combined,  and  based  on 
the  extent  to  which  the  chemical  has 
been  shown  to  be  a  carcinogen,  the 
chemical  is  given  a  provisional  weight- 
of-evidence  classification.  This 
classification  can  then  be  adjusted  up  or 
down  based  on  other  supporting 
evidence  such  as  mutagenicity  data 
(USEPA,  1989). 

In  EPA’s  Guidelines  for  Carcinogen 
Risk  Assessment  (51  FR  33992;  Sept.  24, 
1986),  it  is  stated; 

The  weight  of  evidence  that  an  agent  is 
potentially  carcinogenic  for  humans  increases 
(1)  with  the  increase  in  number  of  tissue  sites 
affected  by  the  agent;  (2)  with  the  increase  in 
number  of  animal  species,  strains,  sexes,  and 
number  of  experiments  and  doses  showing  a 
carcinogenic  response;  (3)  with  the 
occurrence  of  clear-cut  dose-response 
relationships  as  well  as  a  high  level  of 
statistical  significance  of  the  increased  tumor 
incidence  in  treated  compared  to  control 
groups;  (4)  when  there  is  a  dose-related 
shortening  of  the  time-to-tumor  occurrence  or 
time  to  death  from  tumor;  and  (5)  when  there 
is  a  dose-related  increase  in  the  proportion  of 
tumors  that  are  malignant 

OSHA  believes  that  these  guidelines  for 
a  weight-of-evidence  are  not  meant  to 
be  used  in  a  pass-fail  approach,  since 
EPA  refers  to  increases  in  the  weight  of 
evidence.  Thus,  all  five  conditions  or  a 
majority  of  conditions  need  not  be 
satisfied  for  a  chemical  to  be  considered 
carcinogenic.  Most  especially  all  five  do 
not  have  to  be  satisfied  in  any  single 
study.  Rather,  these  guidelines,  and 
other  sets  of  evaluation  criteria,  such  as 
the  EPA  or  IARC  classification  schemes, 
are  meant  to  apply  in  a  weight-of- 
evidence  evaluation  using  the  overall 
experimental  and  epidemiological  data. 

When  the  data  base  for  cadmium  is 
evaluated,  the  overall  weight-of- 
evidence  for  the  carcinogenicity  in 
animals  is  strong,  based  on  the  above 
mentioned  conditions.  Statistically 
significant  increases  in  the  incidence  of 


lung  tumors  were  noted  in  male  rats  (Ex. 
4-67,  8-694D)  and  female  rats  (Ex.  8- 
694D),  exposed  to  cadmium  compounds 
by  the  inhalation  route,  and  when  an 
adjustment  for  survival  was  made  by 
life-table  analysis  a  significant  increase 
in  lung  tumors  was  also  observed  in 
female  mice  (Ex.  L-140-29F)  (see 
discussion  below).  Significant  increases 
were  noted  in  mammary  fibroadenomas 
in  rats  given  cadmium  intratracheal 
instillation  (Sanders  and  Mahaffey,  Ex. 
4-61)  and  in  sarcomas  (injection  site)  in 
rats  injected  with  cadmium  (Levy  et  al., 
Ex.  8-194;  Kazantis,  Ex.  8-576;  Haddow 
et  al.,  Ex.  4-34;  Health  et  al.,  Ex.  8-117). 

In  the  Takenaka  et  al.  and  Oldiges  et  al. 
studies,  statistically  significant  dose- 
response  relationships  were  evident, 
and  the  proportion  of  malignant  tumors 
increased  and  the  latency  time 
decreased  with  increased  dose.  (The 
controls  did  not  have  any  lung  tumors  in 
either  the  Takenaka  et  al.  or  Oldiges  et 
al.  studies.) 

The  National  Toxicology  Program 
(NTP)  (1984)  in  its  Guidelines  on 
Chemical  Carcinogenesis  Testing  and 
Evaluation,  has  reported: 

Clear  Evidence  of  Carcinogenicity  is 
demonstrated  in  studies  that  are  interpreted 
as  showing  a  chemically  related  increased 
incidence  of  malignant  neoplasms,  studies 
that  exhibit  a  substantially  increased 
incidence  of  benign  neoplasms,  or  studies 
that  exhibit  an  increased  incidence  of  a 
combination  of  malignant  and  benign 
neoplasms  where  each  increases  with  dose. 

Based  on  NTP’s  definition  of  clear 
evidence  of  carcinogenicity,  the 
Takenaka  et  al.  and  Oldiges  et  al. 
studies  provide  clear  evidence  of  the 
carcinogenicity  of  cadmium  in  animals. 

Evidence  of  Carcinogenicity  of 
Cadmium  in  Other  Species 

Cadmium,  when  administered  by 
intratracheal  instillation  or  injection, 
produced  statistically  significant 
increases  in  certain  tumors  but  not  lung 
tumors  (Exs.  4-34,  8-576,  and  8-117). 
Cadmium  when  given  by  the  oral  route, 
either  in  drinking  water  (Exs.  8-308,  8- 
121,  8-196),  by  gastric  instillation  (Levy 
et  al.,  Exs.  8-034,  8-117),  or  in  the  diet 
(Loser,  Ex.  8-643)  did  not  produce  an 
increase  in  either  the  total  number  of 
tumors  or  an  increase  in  any  specific 
type  of  tumor.  The  data  show  that 
cadmium,  which  is  carcinogenic  by  the 
inhalation  route  in  rats,  has  not  been 
demonstrated  to  be  carcinogenic  by  the 
oral  route.  This  is  consistent  with  the 
route-specific  patterns  for  other  heavy 
metals,  such  as  chromium  or  nickel,  that 
are  established  human  carcinogens  by 
the  inhalation  route  but  not  by  the  oral 
route.  However,  lung  tumors  in  workers 
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occupationally  exposed  by  the 
inhalation  route  is  the  major  concern. 
Therefore,  for  the  proposed  rule,  the 
inhalation  studies  are  the  most  relevant 
when  assessing  the  risk  due  to  cadmium 
exposure. 

According  to  the  Risk  Assessment 
Guidelines  published  by  the  Office  of 
Science  and  Technology  Policy  (OSTP, 
1985),  negative  data  as  well  as  positive 
data  should  be  considered  in  a  weight  of 
evidence  determination  of  the 
carcinogenicity  of  a  compound.  As 
importantly,  the  selection  of  data  for 
analysis  should  maximize  any 
correlations  between  animals  and 
humans  with  regard  to  pharmacokinetic 
considerations  and  mechanism  of 
action.  Inhalation  studies  have  been 
conducted  in  male  and  female  rats, 
mice,  and  hamsters.  The  studies  in  rats 
have  convincingly  demonstrated 
inhalation  exposure  to  cadmium  results 
in  the  production  of  lung  tumors.  The 
study  in  mice  was  less  convincing,  while 
that  conducted  in  hamsters  was  labelled 
as  negative  by  some.  However,  the 
mouse  and  hamster  studies  conducted 
by  Heinrich  et  al.  (Ex.  L-140-29F)  had 
several  limitations. 

In  the  mouse  study,  many  of  the 
animals  were  treated  for  a  short 
duration  of  time  with  treatment  duration 
ranging  from  6  to  69  weeks.  Survival 
problems  were  also  reported  in  treated 
animals  versus  controls.  Nine  out  of 
fourteen  of  the  cadmium  oxide  exposed 
groups  had  significant  shortening  of 
mean  survival  time,  based  on  life-table 
analysis.  This  shortening  of  lifespan  was 
attributed  to  toxic  effects  in  the 
respiratory  tract.  Of  the  remaining  five 
treatment  groups,  three  had  significantly 
increased  incidences  of  lung  tumors. 

Due  to  the  shortened  survival  of  many  of 
the  treated  mice,  animals  may  not  have 
survived  long  enough  for  some  tumors  to 
be  observed.  When  a  life-table  analysis 
was  conducted,  which  adjusts  for 
survival,  the  probability  of  an  animal 
dying  with  a  lung  tumor  was  statistically 
significantly  greater  in  treated  groups 
versus  controls  in  most  of  the  CdO 
treated  groups  and  one  of  the  CdS 
groups  (90  pg/m3).  No  information  was 
reported  concerning  the  time  to  first 
tumor  or  the  type  of  lung  tumors 
observed.  Therefore,  the  latency  period 
for  tumor  development  in  mice  following 
exposure  to  cadmium  cannot  be 
determined. 

As  in  the  mouse  study,  exposure  of 
hamsters  to  cadmium  compounds  were 
for  short  durations,  ranging  from  13  to  65 
weeks.  Shortened  survival  was  also 
observed  in  some  treated  groups 


resulting  from  toxic  effects  to  the 
respiratory  tract.  Survival  problems  may 
have  precluded  the  development  of  lung 
tumors.  However,  dose-dependent 
statistically  significant  increases  in  the 
incidence  of  bronchiolaralveolar 
hyperplasia  and  proliferation  of 
connective  tissue,  which  are  considered 
preneoplastic  lesions  and  may  indicate 
progression  to  cancer,  were  found  with 
all  cadmium  compounds  tested.  Heinrich 
et  al.  reported  that  a  few  of  the  animals 
developed  respiratory  tract  tumors; 
however,  no  tumor  incidence  data  were 
reported.  Although  the  results  appear  to 
indicate  a  progression  to 
carcinogenicity,  no  definitive 
conclusions  can  be  drawn  as  to  the 
carcinogenicity  of  cadmium  in  hamsters. 

These  studies  conducted  by  Heinrich 
et  al.  (Ex.  L-140-29F)  should  not  be 
considered  as  negative. 

Histopathological  changes  in  the 
respiratory  tract  of  hamsters,  as  well  as 
the  observation  of  some  lung  tumors, 
indicate  the  progression  to  possible 
carcinogenic  effects.  In  mice,  cadmium 
compounds  appeared  to  be  carcinogenic 
when  adjustments  were  made  for 
decreased  survival.  Despite  the  flaws  in 
the  Heinrich  et  al.  study,  this  study 
provides  some  evidence  of  the 
carcinogenic  potential  of  cadmium  in 
species  other  than  rats.  Therefore,  when 
all  of  the  data  are  considered  in  a 
weight-of-evidence  evaluation,  the 
conclusions  remain  unchanged  as  to  the 
relevance  of  the  Takenaka  data  for  use 
in  risk  assessment,  and  the  potential 
carcinogenicity  of  cadmium  in  the 
occupational  setting. 

Continuous  Exposure  in  Animal  Studies 
Versus  Intermittent  in  Occupational 
Settings 

When  actual  exposure  situations  of 
concern  differ  from  continuous,  constant 
lifetime  exposure,  the  EPA’s  Guidelines 
for  Carcinogen  Risk  Assessment  (51  FR 
33992;  Sept.  24, 1986)  recommend  that 
unless  there  is  evidence  to  the  contrary, 
the  appropriate  measure  of  exposure  is 
the  total  or  cumulative  dose  of  the 
chemical  of  concern  averaged  or 
prorated  over  a  lifetime,  resulting  in  an 
average  lifetime  daily  exposure.  This 
assumes  that  a  high  dose  of  a 
carcinogen  received  over  a  short  period 
of  time  is  equivalent  to  a  corresponding 
low  dose  averaged  over  a  lifetime  in 
terms  of  extra  cancer  risk.  The 
supporting  rationale  for  this  relies  on  the 
underlying  assumptions  of  the 
carcinogenic  process:  Risk  is  linearly 
related  to  dose,  particularly  in  the  low- 
dose  region  (51  FR  33992,  Sept.  24, 1988; 


50  FR  10372,  Mar.  14, 1985;  NAS,  1983). 
Currently  when  conducting  a  risk 
assessment,  the  total  amount  of 
chemical  exposure  (intake  or  dose) 
resulting  from  less-than-lifetime  or 
intermittent  exposure  patterns  is 
adjusted  (prorated)  over  the  expected 
lifetime  of  the  individual.  The  result  is 
an  average  lifetime  daily  exposure  that 
corresponds  to  the  same  cumulative  or 
total  amount  of  chemical. 

The  Guidelines  state  that  as  the 
exposures  in  question  become  more 
intense  but  less  frequent,  this  approach 
becomes  problematic,  especially  when 
the  agent  has  demonstrated  dose-rate 
effects.  Dose-rate  effects  are  defined  as 
a  different  degree  or  type  of  response 
that  may  occur  with  different  dose 
patterns  even  when  the  total  dose  is  the 
same  for  these  dosing  patterns. 

Criticisms  have  arisen  that  the 
continuous  exposures  of  animals  to 
cadmium  in  Takenaka  et  al.  (Ex.  4-67) 

(23  hours/day;  7  days/week)  do  not 
reflect  occupational  exposures  of 
humans  to  cadmium  (8  hours/day;  5 
days/week).  However,  the  available 
pharmacokinetic  information  for 
cadmium  does  not  provide  supporting 
evidence  that  dose-rate  effects  would  be 
observed  following  intermittent  versus 
continuous  exposure  to  cadmium. 
Cadmium  has  a  long  retention  time  in 
the  rat  lung  of  60-80  days  and  it  is  ten 
times  longer  in  the  human  lung; 
therefore,  although  exposure  in  the 
workplace  may  be  intermittent, 
cadmium  remains  in  the  lung  during 
periods  when  exposure  is  discontinued, 
such  as  at  the  end  of  an  8-hour  shift  or 
over  a  two  day  weekend  (Ex.  31). 

Animal  studies  conducted  by  Glaser 
et  al.  (Ex.  8-894B)  also  provide  evidence 
that  dose-rate  effects  may  not  be  an 
issue  with  cadmium.  To  evaluate  this, 
the  cancer  potency  estimated  from 
results  in  rats  exposed  continuously  was 
compared  to  that  estimated  from  rats 
exposed  using  an  intermittent  pattern  to 
simulate  a  work  week.  In  this  study,  one 
group  of  male  rats  was  exposed  to  30 
pg/m3  CdO  dust  for  22  hours/day,  7 
days/week  for  18  months,  followed  by 
13  months  of  observation;  another  group 
was  exposed  to  90  pg/m3  CdO  dust  for 
40  hours/week  for  6  months,  followed 
by  24  months  of  observation.  The  doses, 
expressed  as  an  average  daily  intake, 
were  approximately  9.9  pg/kg/day  for 
the  male  rats  exposed  to  30  pg/m3  for  18 
months  and  2.7  pg/kg/day  for  male  rats 
exposed  to  90  pg/m3  for  6  months. 

The  doses  were  prorated  using  the 
following  equation: 
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pg/m3  x 


0.254  ms/day  number  of  hours  per  week  exposed 

—  x  — 


0.43  kg  body  weight 


160  hours/week 


number  of  months 
exposed 


total  months  on  study 


The  incidence  of  lung  tumors  in  these 
two  groups  was  28/39  for  the  30  pg/m* 
group  and  4/20  for  the  90  pg/m3  group. 
No  lung  tumors  were  reported  in 
controls. 

When  these  two  data  sets  were 
evaluated  using  the  multistage  model, 
the  potency  factors  obtained  for  these 
Iwo  data  sets  were  similar,  with  0.176 
(pg/kg/day) 1  obtained  for  the  30  pg/m3 
data  set  and  0.170  (pg/kg/day)1 
obtained  for  the  90  pg/ms  data  set.  If  a 
dose-rate  effect  existed,  i.e.,  if  longer, 
continuous  exposure  resulted  in  higher 
estimates  of  risk,  then  the  potency 
factors  for  these  two  data  sets  would  be 
different  rather  than  comparable. 
Therefore,  the  empirical  data  reported 
by  Glaser  et  al.  (Ex.  8-694B)  do  not  show 
evidence  of  a  dose  rate  effect  for  the 
lung  carcinogenicity  of  cadmium. 

Extrapolation  From  the  Animals  to 
Humans 

Dr.  Oberdorster  has  recommended 
that  for  the  extrapolation  of  results  of 
animal  studies  to  humans,  OSHA  should 
use  a  lung  dosimetric  approach,  rather 
than  equivalency  based  on  body  weight. 
A  lung  dosimetric  approach  assumes 
that  equal  accumulated  doses  of 
cadmium  per  gram  of  lung  tissues  have 
the  same  carcinogenic  potential  in  the 
peripheral  lung  of  the  rat  and  the 
human.  Using  a  lung  dosimetry 
methodology’,  the  dose  delivered  to  the 
lung  can  be  expressed  based  on  lung 
specific  parameters,  such  as  lung  weight 
or  lung  airway  surface  area,  rather  than 
on  body  weight  or  body  surface  area. 

Because  the  histopathology  is  not 
available  to  identify  a  specific  cell  line 
or  area  of  the  lung  from  which  the 
tumors  resulting  from  cadmium 
exposure  arise  in  humans,  if  lung 
dosimetry  is  to  be  used,  with  surface 
area  of  the  lung  as  a  lung  specific 
parameter,  the  total  surface  area  of  the 
lung  must  be  used.  If  the  histopathology 
were  available  to  identify  these  areas, 
ideally  the  surface  area  of  a  specific 
region  of  the  lung  would  be  used. 

Dr.  Oberdorster  compared  the  body 
weight  equivalency  approach  used  by 
OSHA  and  other  regulatory  agencies 
and  the  lung  dosimetric  approach  and  it 
appears  that  these  two  approaches  give 
very  similar  risk  estimates  for  cadmium. 
He  concluded  that  the  similarity  in  risk 
assessment  in  the  case  of  cadmium  is 
coincidental  and  does  not  mean  that  the 


choice  of  a  dosimetric  method  is 
unimportant.  However,  it  has  recently 
been  determined  that  total  lung  surface 
area,  which  would  have  to  be  used  in 
this  case,  scales  allometrically  as  body 
weight  raised  to  the  0.96  power  (BWa86) 
(USEPA,  1991).  Therefore,  the  body 
weight  equivalency  method  used  by 
OSHA  would  be  a  close  approximation 
of  the  lung  dosimetric  method,  based  on 
total  surface  area  of  the  lung,  and  the 
similarity  in  the  risk  estimates  derived 
by  Dr.  Oberdorster  may  not  be  a 
coincidence. 

Regulation  of  Cadmium  Sulfide 

Several  commenters  (Exs.  31;  144-20; 
19-42b)  recommended  that  a  higher 
occupational  standard  should  be 
developed  for  cadmium  sulfide  (CdS) 
than  OSHA’8  proposed  standards  of  1  or 
5  pg/m3  based  primarily  on  the 
difference  in  solubility  between  CdS  and 
CdCb  or  CdO.  To  consider  the  validity 
of  distinguishing  CdS  from  other 
cadmium  compounds  several  factors 
must  be  considered.  There  is  sufficient 
evidence  in  animals  for  the 
carcinogenicity  of  cadmium.  Studies 
conducted  by  Glaser  et  al.  (Ex.  8-694B) 
and  Oldiges  et  al.  (Ex.  8-694D)  appear  to 
provide  evidence  that  CdS  is 
carcinogenic  to  animals  exposed  by  the 
inhalation  route.  However,  SCM 
Chemicals  (Ex.  19-42b)  suggested  that 
the  carcinogenic  response  observed  in 
Glaser  et  al.  (Ex.  8-694B)  may  be  a  result 
of  exposure  to  CdSO«  formed  during  the 
preparation  of  CdS.  Two  studies 
investigated  the  aerosol  preparation 
technique  of  CdS  used  in  the  Glaser  et 
al.  (Ex.  694B)  inhalation  study  (Glaser  et 
al.,  1991;  Konig  et  al.  1991,  refs,  in  Ex. 
141).  Both  studies  demonstrated  that 
under  the  preparation  technique  used 
CdS  may  be  solubilized  under  the 
influence  of  light  and  that,  at  low 
aerosol  concentrations  equivalent  to  90 
pg/m3,  50%  to  63%  of  the  CdS 
solubilized.  This  indicates  that  the 
aerosol  to  which  the  rats  were  exposed 
contained  both  CdS  and  the  more 
soluble  CdSCh.  If  it  is  assumed  that  only 
the  more  soluble  CdSO«  contributed  to 
the  carcinogenicity  observed,  then  in  the 
study  by  Glaser  et  al.  (Ex.  8-694B),  it 
would  be  expected  that  the  tumor 
incidence  of  the  CdS/CdSO«  exposed 
rats  to  be  approximately  half  that  for  the 
rats  exposed  to  CdSO«  since 
approximately  50%  of  the  inhaled  Cd 


was  in  the  form  of  CdSO«  (Ex.  142). 
However  the  tumor  response  in  animals 
exposed  to  90  pg/m3  CdS  was  greater 
than  50%  of  that  in  animals  exposed  to 
90  pg/m*  CdSCh,  and  in  fact,  the 
response  was  comparable  in  animals 
exposed  to  the  two  compounds.  In  males 
the  lung  tumor  incidence  among  CdS 
exposed  rats  was  17/20  and  only  11/20 
among  CdSCh  exposed  rats  (although 
the  CdS  group  was  exposed  for  18 
months  versus  14  months  for  the  CdS04 
group).  In  females  the  incidence  was  15/ 
20  in  the  CdS  group  and  18/20  in  the 
CdSO«  group.  Thus,  even  if  it  is  assumed 
that  the  50%  of  the  CdS  had  been 
converted  to  CdSO«,  these  data  suggest 
that  the  carcinogenic  response  was  not 
due  to  the  CdSO«  alone  and  the  data 
are,  in  fact,  consistent  with  the  CdS 
being  just  as  potent  a  carcinogen  as 
CdSCh. 

Intratracheal  instillation  studies 
provide  further  support  that  CdS  is 
carcinogenic.  Intratracheal  instillation 
studies  conducted  by  Pott  et  al.  (Ex.  6- 
757)  were  aimed  at  investigating  the 
pulmonary  carcinogenicity  of  different 
cadmium  compounds,  including  CdS.  A 
statistically  significant  increase  in  the 
incidence  of  lung  tumors  was  observed 
in  rats  exposed  to  10  weekly 
instillations  of  250  pg  cadmium  via  CdS. 
Although  it  is  possible  that  a  small 
portion  of  the  CdS  could  have 
dissociated,  based  on  information  from 
Konig  et  al.  (Ex.  L-140  27b),  this  could 
only  have  resulted  in  the  formation  of 
approximately  3%  CdSO*  from  CdS  in 
the  group  administered  250  pg  cadmium. 
Therefore,  the  formation  of  CdSCh 
cannot  account  for  the  excess  tumors 
observed  following  exposure  to  CdS. 
According  to  Oberdorster  (Ex.  141)  and 
Heinrich  (Ex.  142)  the  results  of  the 
instillation  study  along  with  the 
inhalation  study  indicate  that  CdS  is  a 
pulmonary  carcinogen;  however,  inhaled 
CdS  may  have  a  lower  potency  than 
other  cadmium  compounds. 

If,  as  is  generally  assumed,  only  the 
solubilized  Cd  ion  is  responsible  for  the 
observed  carcinogenicity,  the  potential 
carcinogenicity  of  any  cadmium 
compound  theoretically  should  be 
related  to  the  cumulative  amount  of 
cadmium  ion  released  in  close  proximity 
to  target  lung  cells,  averaged  over  a 
specific  period  of  time.  The  release  of 
cadmium  is  governed  by  the  rate  of 
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dissolution  of  the  cadmium  ion  from  the 
cadmium  compound,  the  biological 
halftime  in  the  lung,  and  the  mechanism 
of  clearance  from  the  lung.  These  are 
interdependent  and  each  contributes  to 
the  estimate  of  lung  burden.  Since  lung 
dosimetry  is  extremely  complex,  the 
relative  solubility  of  CdS  compared  to 
that  of  CdO  or  CdCl2  is  only  one  of  the 
determining  factors.  While  the 
dissolution  rate  of  the  Cd  ion  from  CdS 
or  other  cadmium  compound  may  be  a 
function  of  that  specific  compound  in  a 
physiological  environment,  biological 
half-time  and  mechanism  of  clearance 
are  dependent  on  a  number  of  factors 
that  include  the  nature  of  the  inhaled 
material,  i.e.,  gas,  vapor,  aerosol, 
particle;  the  characteristics  of  the 
respiratory  tract;  and  breathing  pattern. 
The  mechanism  of  clearance  is  directly 
related  to  the  deposition  within  the 
respiratory  tract,  which  is  a  function  of 
the  particle  size.  In  the  upper  respiratory 
tract,  clearance  by  the  mucociliary 
escalator  is  operative,  while  in  the  lower 
part  of  the  respiratory  tract  or  in  the 
alveoli,  clearance  can  occur  by 
dissolution  and  direct  uptake  by 
macrophages,  which  are  also  cleared  by 
the  mucociliary  escalator.  Biological 
half-time  is  influenced  by  the 
competence  and  efficiency  of  these 
clearance  processes.  Removal  of 
particles  from  the  lung  by  mucociliary 
action,  rather  than  by  dissolution  and 
diffusion,  may  allow  for  a  longer 
retention  time.  However,  any 
cytotoxicity  that  slows  ciliary  movement 
or  creates  an  overburden  on 
macrophage  capability  would  increase 
that  retention  time,  thus  allowing  for 
more  dissolution  and  formation  of  the 


free  cadmium  ion,  resulting  in  a  higher 
carcinogenic  potency  than  may  be 
expected  based  on  solubility  alone.  This 
would  also  be  of  concern  because  the 
biological  halftime  of  particles  with  low 
solubility  is  about  ten  time  longer  in  the 
human  lung  than  in  the  rat  lung  (Ex. 

142). 

To  differentiate  risk  associated  with 
CdS  from  that  for  other  cadmium 
compounds  is  not  feasible  at  this  time. 

In  the  workplace,  exposure  typically 
does  not  occur  to  CdS  alone,  but  rather 
to  a  mixture  of  cadmium  compounds. 
CdS  appears  to  have  carcinogen 
potential,  and  the  contribution  to  risk 
from  CdS  would  be  additive  to  that  of 
the  other  cadmium  compounds  (Ex.  142). 
Factors  other  than  the  solubility  of  CdS 
affect  the  retention  in  the  lung,  and 
hence  the  availability  of  cadmium  ions. 
Factors  in  the  work  place  that  influence 
lung  dosimetry,  such  as  the  size  of 
cadmium  particles  or  the  total  lung 
burden  from  all  particulates,  may  also 
be  important.  A  better  understanding  of 
the  molecular  and  cellular  mechanisms 
of  cadmium  carcinogenicity  is  required 
to  determine  if  the  carcinogenic 
potential  of  CdS  is  different  from  that  of 
other  cadmium  compounds  (Ex.  142). 

Assessment  of  Lung  Cancer  Risk  Using 
Human  Data 

The  Risk  Assessment  by  NIOSH 
(Stayner  et  al.,  Ex.  L-140-20) 

Since  the  publication  of  OSHA’s 
proposed  rule,  Stayner  et  al.  have 
completed  a  risk  assessment  based  on 
the  Thun  cohort.  There  are  several 
differences  between  this  risk 
assessment  and  the  one  reported  in  the 


proposed  rule  (Ex.  18).  The  Stayner  et  al. 
risk  assessment  is  based  on  recent 
additional  followup  of  the  Thun  cohort 
through  1984,  whereas  the  risk 
assessment  reported  in  the  proposed 
rule  was  based  on  followup  only 
through  1978.  Stayner  et  al.  had  access 
to  the  unprocessed  data  from  the  Thun 
cohort  and,  consequently,  was  able  to 
conduct  a  wider  range  of  analyses  in 
their  risk  assessment  than  was  possible 
based  on  just  the  data  reported  in  the 
published  Thun  report  (Ex.  4-88). 

The  cohort  studied  by  Stayner  et  al. 
contained  606  white  males  and  was 
defined  the  same  way  as  in  the  earlier 
study  of  Thun  et  al.  (Ex.  4-68).  As  in  the 
earlier  study,  workers  with  employment 
prior  to  January  1, 1926  were  excluded 
from  the  analysis  in  order  to  minimize 
the  potential  for  confounding  by  arsenic 
exposure. 

A  life-table  analysis  was  used  to 
study  the  lung  cancer  mortality  of  the 
cohort.  Person-years  were  accumulated 
beginning  with  the  time  an  individual 
had  been  employed  for  six  months  at  the 
facility  or  with  January  1, 1940, 
whichever  came  later.  Because 
Hispanics  are  reported  to  have  lower 
lung  cancer  rates  than  non-Hispanics, 
the  cohort  was  separated  into  Hispanic 
and  non-Hispanic  based  on  surname, 
and  results  were  reported  separately  for 
these  two  groups;  however,  U.S.  white 
males  were  still  used  as  the  comparison 
population  for  each  group.  Stayner  et  al. 
categorized  the  person-years  in  four 
ways:  Cumulative  exposure,  latency 
(elapsed  years  since  first  exposure), 
year  of  observation,  and  age.  Results 
from  this  analysis  are  reported  in  Table 
VI-7. 


Table  Vk-7— Results  of  Life  Table  Analysis  of  Data  from  NIOSH  Update  Through  1984  of  Cadmium  Smelter  Cohort 

Nor- Hispanic  Hispanic  *  j  Combined 

Ca‘e9°'y  OBS  I  EXP  i  SMR  OSS  I  EXP  I  SMR  I  CBS  |  EXP  |  SMR 


Exposure: b 

<684 . 

586-1460 . 

1461-2920 _ 

>2921 _ 

Latency « (Years): 

<10 - 

10-19  . . 

>20.... _ _ 

Year. 

1940-1959 _ 

1960-1969 . 

1970-1979 _ 

>1980 _ 

Age  (Years): 

<50 . . 

50-54. . . 

55-59 . . . 

60-64 _ 

65-69 _ 


6  1.55 

7  2.41 


1  028 

0  1.00 


0  0.38 

1  1.27 


24  16.0 

7 


6  2.75 

9  3.30 


21  12.9 

7 

2  1.26 

6  3.51 

12  7.30 

4  3.98 

1  1.28 

2  1.68 
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Table  VI-7.— Results  of  Life  Table  Analysis  of  Data  from  NIOSH  Update  Through  1984  of  Cadmium  Smelter  Cohort 

Category 

Non-Hlspanic 

Hispanic1 

Combined  ] 

OBS 

EXP 

SMR 

OBS 

EXP 

SMR 

OBS 

EXP 

SMR 

70-74 . 

>75 . 

5 

4 

1.37 

0.87 

*366 

*547 

y  1 

0.84 

0.79 

■ 

5 

4 

2.20 

1.66 

227 

241 

*  U  S.  rates  for  white  males  were  used  as  the  referent  group  for  hispantc  and  non-hispanic  males  in  this  analysis. 
b  Milligrams  cadmium  per  cubic  meter  Of  air-days. 

*  Time  since  first  exposure. 

*  p  <0.05  (two-tails). 

**  p  <0.01  (two-tails). 


Overall,  there  was  an  excess  of  lung 
cancer  (OBS =24;  EXP =16.07; 

SMR=149)  that  is  statistically 
significant  [p =0.035)  by  a  one-tailed  test 
for  higher  lung  cancer  rates  in  the 
cohort  Moreover,  there  is  a  clear  dose- 
response  trend  of  higher  SMRs  for  lung 
cancer  in  groups  with  higher  cumulative 
cadmium  exposures.  Lung  cancer  was 
significantly  elevated  among  non- 
Hispanics  [SMR=221,  95%  Confidence 
Intervals  (Cl) =131,  323),  but  reduced 
among  Hispanics  (SMR=49,  95%  Cl =10, 
143).  This  latter  finding  is  consistent 
with  the  fact  that  Hispanics  are  reported 
to  have  lower  lung  cancer  rates  in 
general  than  non-Hispanics  (Ex.  33)  and 
that  reference  rates  used  were  for  U.S. 
white  males. 

There  is  a  deficit  in  lung  cancer 
deaths  in  the  lowest  exposure  group  (584 
mg-days/m*)  relative  to  the  control 
population,  among  both  non-Hispanics 
(OBS=l,  EXP =3.35)  and  Hispanics 
(OBS=l,  EXP=2.38).  However,  neither 
of  these  deficits  is  statistically 
significant  (p=0.15  among  non- 
Hispanics  and  p=0.31  among  Hispanics, 
one-tailed  tests).  Neither  is  the  deficit 
statistically  significant  in  the  combined 
cohort  (OBS=2,  EXP =5.73,  p= 0.075) 
despite  the  fact  that  a  deficit  among 
Hispanics  is  expected  because  control 
rates  were  for  white  males.  Thus,  these 
deficits  are  not  inconsistent  with 
ordinary  random  fluctuation. 

Excesses  of  lung  cancer  are  observed 
in  the  remaining  three  exposure  groups 
for  both  non-Hispanic  and  combined 
Hispanic  and  non-Hispanic.  These 
excesses  are  statistically  significant 
(using  U.S.  white  males  as  the  referent 
population)  in  all  three  groups  for  non- 
Hispanics  and  in  the  highest  exposure 
group  for  combined  Hispanics  and  non- 
Hispanics. 

When  person-years  are  categorized 
according  to  latency,  significant 
responses  occur  only  in  the  group  with  a 
latency  of  ±20  years,  which  is 
consistent  with  the  latency  of  other 
agents  that  cause  lung  cancer.  Table  VI- 
7  also  indicates  that  the  excess  of  lung 
cancer  was  greatest  among  older 
members  of  the  cohort  (>70  years  of 
age). 


Stayner  et  al.  used  both  Poisson 
regression  and  Cox  regression  to  model 
the  relationship  between  cumulative 
cadmium  exposure  and  risk.  Both 
Poisson  regression  and  Cox  regression 
involve  a  regression  model  that 
expresses  the  lung  cancer  rate  per 
person-year  (i.e.,  per  person  per  year)  in 
the  cohort  in  terms  of  various  potential 
explanatory  variables  for  lung  cancer 
such  as  age,  calendar  year,  and 
cadmium  exposure. 

In  Poisson  regression,  the  person- 
years  of  observation  are  categorized 
according  to  values  of  the  explanatory 
variables.  The  model  is  fit  to  the  data 
using  the  assumption  that  the  number  of 
observed  cases  in  each  cell  determined 
by  the  categorization  has  approximately 
a  Poisson  distribution  with  expected 
value  equal  to  the  number  of  cases 
predicted  by  the  regression  model. 
Poisson  regression  can  either  utilize 
background  lung  cancer  rates  from  an 
external  control  population  in  defining 
the  regression  model,  or  else  can 
estimate  all  of  the  parameters  necessary 
to  define  the  lung  cancer  rate  directly 
from  the  cohort  data  without  resort  to  an 
external  control  population.  OSHA  used 
Poisson  regression  of  the  former  type  in 
its  risk  assessment  that  was  presented 
in  the  proposed  rule  (Ex.  18),  whereas 
Stayner  et  al.  utilized  Poisson  regression 
of  the  latter  type.  In  addition  to  a 
measure  of  prior  cadmium  exposure, 
Stayner  et  al.  included  age,  calendar 
year,  and  Hispanic  ethnicity  as 
covariates  (explanatory  variables)  in  the 
Poisson  regression  analyses. 

Stayner  et  al.  utilized  the  following 
functional  forms  for  the  lung  cancer 
mortality  rate  per  person-year  in 
Poisson  regression  analyses; 

Exponential  (log-linear): 

h = exp(a + E^WJ  +  rX + 8Y + /3X) 

Linear: 

h=a+EJ(eiWJ)  +  rX+8Y+l8 
Power 

h=exp(a+Ef(eJWJ)  +  rX+8Y)  *  (!X+1)0) 
Additive  relative  rate: 

h=exp(a  +  E,(e,WJ  +  r*+6Y)  *  (1+/3X) 
where 

h  is  the  lung  cancer  mortality  rate  per  person- 
year  hazard  rate, 
a  is  the  intercept. 


Wj  represents  the  calendar-year  groups 
(Wj  is  a  category  variable  that  equals 
1  if  the  observation  is  from  the  j-th 
calendar  year  group  and  equals  0 
otherwise) 

Oj  is  the  regression  coefficient  for  the  j-th 
calendar-year  group, 

E(0jWj)  represents  the  effect  of  the  calendar- 
year  group 

[EJ(0JW,)=0i.  where  j  is  the  particular 

calendar  year  group  associated  with  the 
observation) 

X  represents  Hispanic  ethnicity  (lx=l  if 
the  observation  is  from  a  person  of 
Hispanic  ethnicity  and  zero  otherwise) 

T  is  the  regression  coefficient  for  Hispanic 
ethnicity, 

Y  is  age, 

8  is  the  regression  coefficient  for  age, 

X  is  a  measure  of  prior  cadmium  exposure, 

/3  is  the  regression  coefficient  for  cadmium 
exposure. 

Each  of  these  functional  forms,  except 
the  linear  form,  was  also  fit  using  Cox 
regression.  Both  cumulative  exposure 
and  cumulative  exposure  lagged  5  years 
were  used  as  the  measure  of  exposure  in 
the  Poisson  regression  analyses. 

Stayner  et  al.  utilized  the  following 
functional  forms  for  the  lung  cancer 
mortality  rate  per  person-year  in  Cox 
regression  analyses: 

Exponential  (log-linear): 

h=hjt)  *  exp(E)(e)W1)  +  r*+/3X) 

Power: 

h=iUt)  *  expfE.fe.WJ  +  rx)  *  ([X+l]0) 
Additive  relative  rate: 

h=ho(t)  *  exp^GMl  +  rx)  *  (1+/?X) 
where 
t  is  age, 

ho(t)  is  a  base-line  mortality  rate. 

Otherwise,  the  variables  have  the  same 
meanings  as  in  the  Poisson  regression 
models. 

In  Cox  regression  the  baseline 
mortality  rate,  h<>(t),  is  not  estimated,  but 
is  left  unspecified.  Consequently,  the 
method  can  only  estimate  the  mortality 
rate  relative  to  this  baseline  rate.  Since 
the  linear  model  applied  in  Poisson 
regression  cannot  be  represented  as  the 
product  of  a  baseline  mortality  rate  and 
a  function  of  the  explanatory  variables 
(as  is  required  in  Cox  regression)  no 
counterpart  to  this  model  could  be 
applied  in  Cox  regression.  Cox 
regression  does  not  involve 
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categorization  and  grouping  of  data  into 
cells,  as  is  required  in  Poisson 
regression.  Stayner  et  al.  applied  several 
measures  of  prior  cadmium  exposure  in 
the  Poisson  regression  analyses: 
cumulative  cadmium  exposure  (i.e.,  the 
integral  of  cadmium  exposure  over  time, 
expressed  in  units  of  mg-days/m3)  and 
measures  formed  by  “lagging” 
cumulative  exposures  by  5, 10, 15,  or  20 
years.  In  the  lagged  analyses,  the 
exposure  variable  was  cumulative 
exposure  achieved  up  to  5, 10, 15,  or  20 
years  prior  to  the  observation  time.  This 
technique  was  used  to  discount  the  most 
recent  exposures  that  may  be 
etiologically  irrelevant  to  cancer  risk 
because  of  an  apparent  minimum  delay 
between  exposure  and  the  effect  of  that 
exposure  upon  cancer  risk  for  many 
chemical  carcinogens.  Stayner  et  al. 
found  that  lagging  exposures  5  years 
slightly  increased  the  magnitude  of  the 


cadmium  parameter  exposure  estimates 
in  the  Poisson  regression  analyses, 
which  is  to  be  expected  since  the  lagged 
exposure  variables  are  smaller  than  the 
unlagged  variables.  However,  lagging 
the  exposures  for  10, 15,  or  20  years 
reduced  the  magnitude  of  the  exposure 
parameters.  This  means  that  the 
association  between  lung  cancer  and 
cadmium  exposure  was  reduced  if 
exposures  were  lagged  more  than  5 
years.  Stayner  et  al.  consequently 
concluded  that  5  years  was  the  most 
appropriate  lag  period.  Only  results 
derived  from  analyses  involving  a  5-year 
lag  will  be  discussed  further. 

The  results  of  the  Poisson  regression 
analyses  involving  cumulative  cadmium 
exposures  lagged  5  years  are 
summarized  in  Table  VI-8.  Table  VI-8 
indicates  that  the  deviance  associated 
with  the  linear  model  was  much  larger 
than  that  associated  with  the  remaining 


three  models  fit  by  Poisson  regression. 
This  means  that  the  linear  model  fit  the 
data  much  more  poorly  than  the  other 
models  that  were  applied  to  the  data 
using  Poisson  regression.  (The  deviance 
differs  by  a  constant  from  the  negative 
of  twice  the  log-likelihood,  and  thus,  like 
the  log-likelihood,  can  be  used  to  assess 
the  significance  of  parameters  and 
assess  improvements  in  fit  (BEIR IV, 
1988).  The  power  model  produced  the 
smallest  deviance:  however,  it  predicted 
unrealistically  low  background  lung 
cancer  rates  (e.g.,  about  a  factor  of  100 
lower  than  that  observed  for  U.S.  white 
males  aged  70  during  1970-1979)  and  for 
this  reason  was  considered  to  be 
inappropriate  for  assessing  risk  from 
cadmium  exposure.1  Of  the  remaining 
two  models,  the  additive  relative  rate 
(Additive  RR)  model  yielded  a  better  fit 
(i.e.,  lower  deviance)  than  the 
exponential  model. 


Table  VI-8.— Results  from  Poisson  Regression  Models  and  Cox  Regression  Model  Fitted  to  5-Year  Lagged  Data  by 

Stayner  et  al.  (Ex.  L-1 40-20) 


•  All  models  include  categorical  variables  to  control  for  calendar  year  and  Hispanic  ethnicity,  and  a  continuous  variable  to  control  for  age. 

“Model  included  categorical  variables  to  control  for  calendar  year  and  Hispanic  ethnicity.  Age  was  controlled  by  matching  on  survival  to  the  same  age. 
'  p<0.05. 

*  p<0.01. 


The  same  qualitative  results  were 
obtained  by  Stayner  et  al.  using  Cox 
regression.  The  additive  relative  rate 
model  fit  the  data  better  than  the 
exponential  model,  but  not  as  well  as 
the  power  model;  however,  the  power 
model  predicted  unrealistically  low 
background  lung  cancer  rates. 

Based  on  these  results,  Stayner  et  al. 
selected  the  additive  relative  rate  model 
as  the  best  model  to  represent  the  dose 
response  for  cadmium  and  lung  cancer. 
Table  VI-8  also  contains  the  results  of 
applying  this  model  using  Cox 
regression. 

As  indicated  in  Table  VI-8,  except  for 
the  linear  model  (which  fit  the  data  very 
poorly),  all  of  the  models  fit  using 
Poisson  regression  indicated  a 
statistically  significant  effect  of 
cadmium  exposure  upon  lung  cancer 
(i.e.,  the  estimate  of  /§,  the  cadmium 
exposure  parameter,  was  statistically 
significantly  greater  than  zero  in  each  of 
the  three  analyses.)  Similarly,  the 
additive  relative  rate  model  fit  using 
Cox  regression  also  indicated  a 
statistically  significant  effect  of 
cadmium  exposure  upon  lung  cancer. 

Stayner  et  al.  used  the  results  from  the 
relative  rate  model  to  estimate  the 


excess  lifetime  risk  of  lung  cancer  based 
on  the  method  described  by  Gail  (Ex.  8- 
561),  which  was  also  used  by  OSHA  in 
the  proposed  rule  (Ex.  18).  The  formula 
for  the  excess  lung  cancer  risk  is 

Where: 

100 

52  (RRX  -  1)  <7 1  (i)  exp 

1-20 

1 

-  52  HXXj  -  *  7,0')} 

J-20 

RRt  is  the  risk  ratio  for  lung  cancer 

predicted  by  the  model  based  on  the 
exposure  scenario  assumed, 
q(  is  the  background  age-specific  lung 
cancer  mortality  rate  at  age  i, 
qa(i)  is  the  background  age-specific 

mortality  rate  for  all  causes  of  death 
at  age  i, 

and  I  is  the  oldest  age  through  which 
excess  risk  is  accumulated. 

For  this  calculation  it  was  assumed  that 
persons  were  exposed  occupationally  to 
a  constant  cadmium  concentration  for  45 
years  beginning  at  age  20.  The  qj(i)  and 
qa(i)  were  based  on  mortality  rates  for 
lung  cancer  and  all  causes,  respectively, 
from  1984  for  U.S.  males  (all  races).  The 
risk  ratio  used  in  the  calculation  is 


RR^l-F/SXj,  where  is  the  lung  cancer 
potency  derived  from  the  additive 
relative  rate  model  obtained  either  by 
Poisson  regression  or  Cox  regression, 
and  X|  is  the  measure  of  exposure 
associated  with  age  i.  For  each  year,  the 
cadmium  exposure  is  calculated  for  the 
midpoint  of  the  year.  For  example,  if 
cadmium  exposure  is  lagged  5  years  and 
risk  is  estimated  from  exposure  to  an  8- 
hour  time  weighted  exposure  level,  Z, 
beginning  at  age  20,  then  Xt=0  for  i<25, 
X2s=0.5*Z,  X29=4.5*Z,  and  for  i>70 
(i.e.,  after  age  70)  Xt=45*X. 

In  their  original  work,  Stayner  et  al. 
(Ex.  L140-20)  accumulated  risk  through 
age  74  (i.e.,  set  1=74),  which  is  the  same 
as  the  approach  used  by  OSHA  in  the 
proposed  rule.  However,  in  an 

•If  the  power  model  had  been  used  for  ri9k 
assessment  It  would  have  predicted  a  much  higher 
risk  than  the  other  models.  Since  this  model  predicts 
a  very  low  background,  it  predicts  a  very  large 
differential  in  lung  cancer  mortality  between 
unexposed  and  exposed.  However,  when  estimating 
lifetime  risk  the  background  lung  cancer  is 
estimated  from  general  mortality  rates  and  is  hence 
the  same  no  matter  which  model  is  applied. 
Consequently,  the  very  large  differential  predicted 
by  the  power  model  would  result  in  a  very  large  risk 
if  used  to  estimate  lifetime  risk. 
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addendum  (Ex.  L-163),  Dr.  Stayner  noted 
that  accumulating  excess  risk  only 
through  age  74  will  result  in  an 
underestimate  of  the  cadmium-induced 
risk  of  lung  cancer  because  any 
increased  risk  that  occurs  after  75  years 
of  age  is  not  included.  Dr.  Stayner 
corrected  this  oversight  in  the 
addendum  by  accumulating  the  excess 
risk  up  through  age  100  (i.e.,  set  1=100), 
an  age  that  exceeds  the  vast  majority  of 
human  lifespans.  OSHA  believes  that 
this  approach  provides  a  better  estimate 
of  the  total  risk  from  cadmium  than 
truncating  the  risk  calculation  at  age  74. 
This  approach  has  been  followed  in  all 
calculations  of  risk  derived  from  human 
data  presented  herein.2 

Dr.  Stayner  also  noted  that  their 
original  estimates  (Ex.  L-140-20)  had 
been  based  on  respiratory  cancer  rates 
rather  than  rates  for  lung  cancer,  and 
rates  for  lung  cancer  only  were  used  in 
calculations  reported  in  the  addendum. 

Dr.  Stayner  also  reported  in  the 
addendum  on  the  results  of  extending 
their  analyses  to  include  applying  the 
multistage  model  of  cancer  to  the  data 
on  the  Thun  et  al.  cohort  with  follow  up 
through  1984.  The  multistage  model  was 
proposed  for  risk  assessment  by  Crump 
and  Howe  (1984)  and  is  based  on  a 
multistage  theory  of  carcinogenesis  that 
assumes  that  a  single  cell  line  has  to  go 
through  a  number  of  discrete  stages  in 
order  to  produce  a  tumor.  Dr.  Stayner 
assumed  a  five-stage  model  for  lung 
cancer,  explaining  that  “this  is  the 
number  of  stages  that  has  generally 
been  observed  in  other  multistage 
analyses  of  lung  cancer.”  He  also 
assumed  that  cadmium  affected  one  of 
the  five  stages.  He  fit  the  multistage 
model  to  the  Thun  et  al.  data  varying  the 
stage  affected  by  cadmium  and  found 
that  the  model  fit  best  when  it  was 
assumed  that  cadmium  affected  the 
third  stage.  Dr.  Stayner  fit  the  model  to 
the  data  using  a  Cox  regression 
approach.  He  then  calculated  estimates 


'Each  term  in  the  sum  used  to  calculate  the 
excess  risk  is  the  product  of  the  probability  that  a 
person  lives  to  the  given  age.  times  the  excess  risk 
of  dying  of  cadmium-induced  cancer  given  that  he 
lived  to  that  age.  Thus,  the  method  adjusts  for  risk 
of  death  from  non-cadmium  causes  and  does  not 
assume  that  a  person  will  live  to  be  100  years  old. 
However,  truncating  the  sum  at  100  is  equivalent  to 
assuming  that  a  person  will  not  live  past  100  years 
of  age.  Although  there  is  a  small  probability  that  a 
person  will  live  past  100  years  of  age,  there  is  a 
much  larger  probability  (on  the  order  of  0.5)  that  a 
person  will  live  past  age  74.  Consequently, 
accumulating  excess  risk  through  100  years  of  age 
provides  a  much  better  approximation  to  the  total 
excess  risk  than  accumulating  risk  only  through  age 
74.  which  is  equivalent  to  assuming  that  no  one 
lives  past  age  75.  A  similar  accounting  for  total 
excess  risk  was  made  in  the  risk  assessments  used 
by  OSHA  to  support  its  standards  for  arsenic  and 
for  benzene. 


of  excess  using  the  same  approach 
based  on  Gail's  formula  that  he  applied 
to  the  results  from  the  additive  relative 
rate  model.  These  estimates  were  based 
on  a  multistage  model  with  five  stages 
with  cadmium  exposure  affecting  the 
third  stage. 

Table  VI-9  presents  estimates  of  the 
excess  risk  of  lung  cancer  from  45  years 
of  occupational  exposure  at  various 
TWA  exposures  that  were  reported  by 
Stayner  in  his  addendum.  The  relative 
rate  model  obtained  from  Cox 
regression  provides  estimates  of  risk 
that  are  about  twice  as  large  as  those 
obtained  from  the  same  model  using 
Poisson  regression.  The  estimates 
obtained  from  the  multistage  model  fall 
in  between  the  estimates  derived  from 
the  other  two  approaches.  The  expected 
number  of  excess  lung  cancer  deaths 
from  45  years  of  occupational  exposure 
at  a  TWA  of  5  fig/ms  cadmium  is 
estimated  as  being  between  3.9  and  9.0 
per  1000  workers.  If  the  TWA  is  100  fig/ 
m3  cadmium,  the  corresponding  number 
of  excess  lung  cancer  deaths  is 
estimated  as  being  between  73  and  157 
per  1000  workers. 

Table  Vl-9.— Estimates  of  Excess 
Lung  Cancer  Deaths  per  1000 
Workers  From  45  Years  of  Occupa¬ 
tional  Exposure  to  Cadmium  Ob¬ 
tained  by  Stayner  et  al  Based  on 
the  Additive  Relative  Rate  Model 
Applied  Using  Both  Poisson  Re¬ 
gression  and  Cox  Regression  With 
a  5-Year  Lag  for  Cadmium  Expo¬ 
sure,  AND  ON  THE  MULTISTAGE  MODEL 


Expo- 

Excess  deaths  (per  1000  workers) 

Oigm3) 

Relative  Rate  Model 

TWA 

Poisson 
regression  . 

Cox 

regression  „ 

Multistage 
model  e 

1 . 

1.8 

08 

1.1 

3 . 

5.4 

2.3 

3.3 

5 . 

9.0 

3.9 

5.5 

7 . 

12.5 

5.4 

7.7 

10 . 

17.8 

7.7 

11.0 

20 . 

35.1 

15.3 

21.8 

40 . 

68.2 

30.3 

42.9 

50 . 

84.1 

37.7 

53.2 

100 . 

157.0 

73.0 

102.2 

200 . 

275.7 

137.6 

189.1 

,.=0.00061  Utg-vears/m*)1. 
b. =0.00026  (i^g-years/m3)'. 

'The  multistage  mooel  was  fitted  assuming  five 
stages.  Results  presented  assume  the  third  stage 
affected  by  cadmium  exposure,  which  maximized  tne 
likelihood.  _  -J 


Update  of  OSHA’s  Risk  Assessment 
Based  on  the  Thun  Cohort 

OSHA  has  also  updated  its  risk 
estimates  presented  in  the  Proposed 
Rule  (Ex.  18),  based  on  the  additional 
followup  presented  in  the  Stayner  et  al. 


risk  assessment.  OSHA’s  earlier  risk 
assessment  was  based  on  the  result  of 
the  life-table  analysis  conducted  by 
Thun  et  al.  (Ex.  4-68)  on  the  followup  of 
the  cohort  through  1978.  The  data  set 
studied  by  Stayner  et  al.  contained  the  ‘ 
results  of  additional  followup  through 
1984. 

The  results  of  the  life-table  analysis 
conducted  by  Stayner  et  al.  are 
contained  in  Table  VI-7.  The 
information  from  this  table  that  will  be 
used  to  update  the  risk  assessment  is 
contained  in  the  section  of  the  table 
labeled  “EXPOSURE."  This  information 
consists  of  observed  and  expected 
numbers  of  lung  cancer  deaths  in  the 
cohort  categorized  by  cumulative 
cadmium  exposure  and  by  Hispanic 
versus  non-Hispanic.  Expected  numbers 
of  deaths  were  calculated  based  on  the 
mortality  experience  of  U.S.  white 
males. 

In  its  earlier  risk  assessment  OSHA 
applied  both  an  absolute  risk  model  and 
a  relative  risk  model  to  the  data  from 
the  Thun  et  al.  study.  However,  the 
number  of  person-years  in  each  category 
in  Table  VI-7,  which  is  needed  for  the 
application  of  the  absolute  risk  model, 
was  not  reported  by  Stayner  et  al. 
Consequently,  only  the  relative  risk 
model  will  be  applied  to  the  update.  (It 
should  also  be  noted  that  the  linear 
model  used  by  Stayner  et  al.  (Ex.  L-140- 
20),  which  is  similar  in  functional  form 
to  the  absolute  risk  model,  provided  a 
poor  fit  to  the  data.) 

The  relative  risk  model  assumes  that 
the  lung  cancer  mortality  (hazard)  rate 
at  age  t  is  given  by 

h(t)=ho(t)  *  (1  +  £  *  X)=ho(t)+[ho(t)  *  /3  * 

X). 

where  ho(t)  represents  the  hazard  rate  in 
the  absence  of  cadmium  exposure,  X  is  a 
measure  of  cadmium  exposure,  and  (3  is 
the  slope  of  the  dose  response  (i.e.,  /3  is 
the  carcinogenic  potency  of  cadmium). 
The  measure  of  cadmium  exposure 
available  from  the  Stayner  et  al.  paper 
was  cumulative  exposure,  which  was 
the  same  measure  used  by  OSHA 
earlier.  The  specific  measure  used  in  the 
fitting  was  the  median  exposures  in 
units  of  mg/ms-day8  derived  from  the 
life-table  analyses  and  converted  into 
units  of  /i.g/m3-years  by  Stayner  et  al.  by 
multiplying  by  1000  and  dividing  by  365; 
the  resulting  exposures  as  reported  by 
Stayner  et  al.  are  795,  2466,  5699  and 
10,836  jig/m^-days  corresponding  to  the 
four  cumulative  exposure  groups 
displayed  in  Table  VI-7.  (It  was 
necessary  for  Stayner  et  al.  to  divide  by 
365  instead  of  240,  the  number  of  work 
days  in  a  year,  because  in  calculating 
the  exposures  used  to  obtain  the 
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categorization  shown  in  Table  VI-7  it 
was  assumed  that  one-month  exposure 
in  a  work  category  meant  30  days  of 
exposure.) 

The  background  rates  used  in  the  life- 
table  analysis  in  Table  VI-7  were  for 
U.S.  white  males  (which  includes 
Hispanics).  Since  the  cohort  involves  a 
sizable  fraction  of  Hispanics  (a  larger 
fraction  than  in  the  U.S.  in  general), 
additional  parameters  were  included  in 
the  model  to  control  for  the  possibility 
that  the  background  rates  in  the 
population  differed  between  Hispanics 
and  non-Hispanics  and  between  either 
of  these  groups  and  U.S.  white  males  in 
general.  Since  Thun  et  al.  did  not  report 
their  data  separately  for  Hispanic  and 
non-Hispanic,  it  was  not  possible  for 
OSHA  to  conduct  analyses  similar  to 
those  in  the  risk  assessment  reported  in 
the  Proposed  Rule. 

The  resulting  model  for  the  expected 
number  of  lung  cancer  deaths  in  a  group 
with  a  cumulative  cadmium  dose  of  X  is 
Eo  *  exp(a,)  *  (1  +  £  *  X). 
where 

Eo  is  the  expected  number  of  cancers 

(obtained  from  Table  VI-7)  in  the  group 
based  on  rates  for  U.S.  white  males, 
at  is  a  category  variable  with  i=H  applying 
to  Hispanics  and  i=NH  applying  to  non- 
Hispanics. 

The  model  was  fit  both  with  the 
restriction  a^  0  (corresponding  to 


applying  the  U.S.  white  male  rates  to  the 
non-Hispanic  cohort)  and  without  this 
restriction.  The  observed  deaths  in  a 
group  were  assumed  to  have  a  Poisson 
distribution  whose  expectation  is  given 
by  the  above  expression.  Thus,  this 
analysis  is  a  form  of  Poisson  regression, 
with  the  principal  difference  between 
this  analysis  and  the  Poisson  regression 
conducted  by  Stayner  being  that  this 
analysis  utilizes  mortality  rates  from  an 
external  population  to  define 
background  mortality  rates,  whereas 
Stayner  et  al.  did  not  utilize  an  external 
population  in  their  Poisson  regression 
model.  The  parameters  of  the  model 
were  estimated  by  maximizing  the 
likelihood  (e.g.,  by  Poisson  regression), 
utilizing  the  computer  program  AMFTT 
(BEIR  V,  1990). 

A  summary  of  the  results  of  fitting  this 
model  to  two  different  cases  is 
presented  in  Table  VI-10.  In  Case  I,  lung 
cancer  mortality  rates  for  U.S.  white 
males  are  used  as  background  rates  for 
non-Hispanic  white  males  in  the  cohort. 
In  Case  II,  background  rates  for  non- 
Hispanic  white  males  in  the  cohort  are 
assumed  to  differ  from  rates  for  U.S. 
white  males  by  the  multiplicative 
constant  exp  (am,),  which  is  estimated 
from  the  data.  In  both  analyses, 
background  rates  for  non-Hispanic 
white  males  in  the  cohort  are  assumed 
to  differ  from  rates  for  U.S.  white  males 
by  the  multiplicative  constant  exp  (aH). 


Table  VI-10.— Results  of  Applying 
OSHA’s  Modified  Relative  Risk 
Model  to  the  1 984  Followup  of  the 
Thun  Cohort 


Case  I* 
(aNH=0) 

Case  II  •  (a*" 
estimated) 

a„  (s.e.) - 

-1.4 

(0.60) 

-1.8 

(0.91) 

®NH  -  - - 

0 

-0.48 

(0.77) 

& . 

0.00027 

(0.000098) 

0.00054 

(0.00057) 

Deviance . 

10.29 

9.88 

*  Case  I  assumes  lung  cancer  mortality  rates  for 
U.S.  white  mates  are  aptxopnate  background  rates 
for  non-Hsoantc  white  mates  m  this  cohort  Case  II 
permits  background  rates  for  non- Hispanic  wrote 
males  to  differ  from  rates  for  U.S.  wrote  males  by 
the  multiplicative  constant  exp  (am). 

b  Units  are  (pig-years/mj)-,. 

This  analysis  does  not  indicate  that 
mortality  rates  for  U.S.  white  males  are 
inappropriate  for  the  non-Hispanics  in 
this  cohort.  The  reduction  in  the 
deviance  when  a^  is  estimated  is  only 
10.29-9.88=0.41,  which  is  not  significant 
(p=0.52)  based  on  the  chi-square 
distribution  with  one  degree  of  freedom. 
On  the  other  hand,  aH  is  significantly 
less  than  zero  in  both  cases,  implying 
that  the  Hispanics  in  this  cohort  had  a 
lower  background  mortality  rate  from 
lung  cancer  than  U.S.  white  males. 


Table  VI— 1 1  .—Observed  and  Predicted  Lung  Cancer  Deaths  from  the  Relative  Risk  Model  Applied  to  the  1 984  Update  to  the 

Thun  Cohort 


Number  of  lung  cancers 

Exposure  (jig-yeare/ms) 

Number  of 

prediaed 

lung  cancers 
observed 

Case  1, 

Case  II.  (am 

<a*„=0) 

estimated) 

Non-Hispanics 


795 

'  MW 

\  m 

3.0 

2466 

j  HJH 

3.8 

5699 

3.9 

10836 

.■■j 

■a 

10.3 

wmm 

Hispanic* 


795 . . . . . . . . 

i 

0.71 

0.50 

0 

0.67 

0.63 

5699 

0 

0.75 

0.80 

10836 

2 

0.87 

1.0 

X,=8.5 

(NS) 

6  df 

X,=8.8 

(NS) 

5  df 

NS = nonsignificant  lack  of  fit 
df= degrees  of  freedom. 

■Case  I  assumes  lung  cancer  mortality  rates  for  U.S.  white  males  are  appropriate  background  rates  for  non-Hispanic  white  males  in  this  cohort  Case  It  permits 
background  rates  for  non-Hispanic  white  males  to  differ  from  rates  for  U.S.  white  mates  by  the  multiplicative  constant  exp  (am). 


Table  VI-11  indicates  that  both  of 
these  cases  provide  an  adequate  fit  to 
the  data  from  the  1984  update  of  the 


Thun  cohort.  For  Case  I(ara  =0),  the  chi- 
square  is  8.56  (6  degrees  of  freedom 
(d.f.),p=0.20),  and  for  Case  II  (a,™ 


estimated)  the  chi-square  is  8.82  (5  d.f., 
p=0.12).  The  lung  cancer  potency 
estimates  obtained  from  these  analyses 
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were  0=0.00027  [pg-years/m3]-1  (Case 

I)  and  0=0.00054  [pg-years /m3]-1  (Case 

II) .  Both  of  these  estimates  are  within 
the  range  of  the  corresponding  estimates 
obtained  by  Stayner  et  al.  when  fitting 
the  additive  relative  rate  model,  which 
was  their  preferred  model,  by  Cox 
regression  (0=0.00026  [pg-years/m3]"1) 
or  Poisson  regression  (0=0.00061  [pg- 
years/m3)-1).  (See  Table  VI-8.) 

Thus,  both  Case  I  and  Case  II  provide 
adequate  descriptions  of  the  data  and 
both  provide  estimates  of  the 
carcinogenic  potency  of  cadmium  that 
are  similar  to  estimates  obtained  by 
Stayner  et  al.  using  different  modelling 
approaches.  Case  I  is  somewhat  simpler 
than  Case  II  since  it  requires  one  fewer 
parameters  to  be  estimated. 

Table  VI-12  contains  estimates,  based 
upon  Case  I,  of  the  number  of  excess 
lung  deaths  per  1000  workers  exposed 
for  45  years  to  different  TWA 
concentrations  of  cadmium.  This  table 
contains  both  MLEs  and  upper  and 
lower  statistical  confidence  limits.  The 
MLEs  were  calculated  in  exactly  the 
same  way  as  the  corresponding 
estimates  in  Table  VI-0,  which  were 
made  by  Dr.  Stayner,  except  that  the 
potency  estimate,  0=0.00027  [pg-years/ 
m3]-1,  corresponding  to  Case  I  was  used 
in  the  calculation.  The  95%  lower  and 
upper  confidence  limits  in  Table  VI-12 
were  calculated  in  this  way  also,  except 
that  the  lower  and  upper  confidence 
limits  for  0  were  used  instead  of  the 
MLE.  The  95%  lower  limit  was 
0=0.00013  [pg-years/m3]'1  and  the  95% 
upper  limit  was  0=0.00046  [pg-years/ 
m3]"1,  both  of  which  correspond  to  Case 
I.  These  confidence  limits  were 
calculated  using  the  likelihood  ratio 
approach.3  MLEs  based  on  Case  II  (with 
Buh  estimated)  are  about  twice  as  large 
as  those  in  Table  VI-12  and  the 
corresponding  lower  limits  on  risk 
calculated  using  the  likelihood  approach 
are  zero. 


*  With  this  approach,  a  95%  lower  (upper)  limit  is 
calculated  as  the  value  of  0  smaller  (larger)  than  the 
maximum  likelihood  estimate  that  satisfies  the 
equation  (2‘(LMAr—L(i3)))a‘=  1.645  where  L***  is  the 
maximum  value  of  the  log-likelihood  and  Ufi)  is  the 
log-likelihood  expressed  as  a  function  of  0  (Cox  and 
Hinkley,  1974). 


Table  VI-12.— OSH  A  Final  Estimates 
of  Excess  Lung  Cancer  Deaths  per 
1000  Workers  With  45  Years  of 
Occupational  Exposure  to  Cadmium 
Based  on  the  Relative  Risk  Model 
Assuming  U.S.  Lung  Cancer  Rates 
Are  Appropriate  for  Non-Hispanic 
.  White  Males  in  Cohort  [aNH=0]*b 


Exposure  0*g/rM  TWA 

Risk  per  1000 

1 . 

0.6  (0.3, 10) 

1.8  (0.9,  3.0) 

3.0  (1.5,  5.1) 

4.2  (2.1,  7.1) 

6.1  (2.9,  10.1) 

12.1  (5.9,  20.1) 

23.9  (11.7,  39.6) 
29.8  (14.5,  49.1) 
58.3  (28.8,  95.0) 
112.1  (56.5, 177.9) 

3 . 

5 . 

7 . „ . 

10 . 

20 . 

40 . 

50 . 

100 . 

200 . . . 

•Estimates  derived  using  data  from  the  1984 
update  by  Stayner  et  at.  (Ex.  L-1 40-20)  of  cadmium 
smelter  workers. 

"Numbers  in  parentheses  are  95%  upper  and 
lower  confidence  limits. 

As  indicated  by  Tables  VI-9  and  VI- 
12,  all  of  the  estimates  of  excess  risk  of 
lung  cancer  obtained  from  the  Thun 
cohort  are  similar  despite  the  fact  that 
the  underlying  analytic  methods  differed 
in  several  respects.  Estimates  of  excess 
risk  from  45  years  of  occupational 
exposure  computed  using  the  various 
approaches  range  from  three  excess 
deaths  per  1000  workers  to  nine  excess 
deaths  per  1000  workers  exposed  to  a 
TWA  5  pg/m3  and  from  58  to  157  excess 
deaths  per  1000  workers  exposed  to  a 
TWA  of  100  pg/m3.  As  Table  VI-3 
indicates,  these  estimates  are  somewhat 
higher  than  those  obtained  by  OSHA  in 
the  proposed  rule.  OSHA  believes  that 
the  differences  between  the  new 
estimates  and  those  in  the  proposed  rule 
are  most  likely  attributable  to  three 
factors:  (1)  The  new  estimates  are  based 
on  additional  followup  of  the  Thun 
cohort;  (2)  the  estimates  appearing  in  the 
proposed  rule  were  not  adjusted  for 
ethnicity  (Hispanic  versus  non- 
Hispanic);  4  (3)  the  estimates  were 
adjusted  with  the  assumption  that  a 
person  could  live  beyond  age  74  years. 
Because  the  new  estimates  are  based 
upon  more  complete  data  and  more 
reliable  quantitative  methods,  OSHA 
believes  that  the  new  estimates  are 
more  reliable  than  those  that  appeared 
in  the  proposed  rule. 


*  The  data  necessary  for  such  an  adjustment  were 
not  published  in  Thun  et  al.  (Ex.  4-66}  and 
consequently  were  not  available  to  OSHA  when 
preparing  the  proposed  rule. 


Discussion  of  Issues  Related  to  Risk 
Assessment  for  Lung  Cancer  Based 
Upon  Human  Data 

Potential  for  Confounding  by  Arsenic 
Exposure  in  Thun  Cohort 

Several  commenters  questioned 
whether  there  was  an  excess  of  lung 
cancers  among  workers  hired  in  or  after 
1940,  and  whether  an  excess  of  lung 
cancer  in  persons  hired  prior  to  1940 
could  have  been  due  to  arsenic  rather 
than  cadmium  (Exs.  144-8B,  38).  Dr. 
Schulte  (Ex.  144-8c)  addressed  the  lung 
cancer  response  among  workers  hired  in 
1940  or  later  as  follows: 

We  have  never  felt  that  an  analysis  of  the 
subcohort  hired  between  1940  and  1969  was 
scientifically  justified.  The  analysis  was  only 
done  because  ASARCO  desired  it  on  the 
basis  of  their  arsenic  assumptions.  We  do  not 
feel  this  analysis  is  justified  for  several 
reasons:  (1)  We  do  not  see  an  important 
change  in  the  arsenic  content  of  the  feedstock 
in  1940,  (2)  the  subgroup  hired  after  1940  is 
too  small  to  provide  sufficient  statistical 
power  for  a  scientifically  definitive  analysis, 
and  (3)  the  latency  period  for  workers  hired 
after  1940  was  not  long  enough  to 
scientifically  justify  analyzing  this  subcohort, 
said,  we  can  interpret  the  post-1940  data  with 
the  aforementioned  caveats.  Clearly,  there 
was  an  excess  of  lung  cancer  in  the  medium 
and  high  exposure  groups  combined 
(OBS=13,  EXP =5.71,  SMR=228, 95% 

Cl =121-389)  and  no  excess  in  the  low  group; 
these  data  are  supportive  of  a  dose-response 
pattern.  The  fact  that  the  risk  estimate  for  the 
high  exposure  group  was  lower  than  that  for 
the  medium  group  can  be  explained  by  the 
low  number  of  workers  in  this  group,  and 
thus,  the  low  statistical  power  to  describe  the 
effect*  *  *. 

Thus,  an  analysis  by  NIOSH  of  workers 
first  employed  after  1940  did 
demonstrate  an  excess  of  cancer  in  the 
medium  and  high  exposure  groups  and 
was  supportive  of  a  dose-response 
pattern. 

Stayner  et  al.  also  addressed  the  issue 
of  whether  there  was  a  lung  cancer 
effect  in  workers  first  hired  in  1940  or 
later  by  adding  a  category  variable  to 
their  analysis  representing  whether  or 
not  year  of  first  hire  was  in  1940  or  later 
(Ex.  L-140-20).  When  this  variable  was 
added,  it  was  not  significant,  which 
indicates  that  there  was  no  statistically 
significant  difference  between  the  lung 
cancer  mortality  rates  among  persons 
first  hired  before  1940  and  those  hired 
later  that  was  not  already  being 
explained  by  the  model.  Moreover,  if 
arsenic  exposure  was  higher  prior  to 
1940  and  if  this  exposure  was  wholly  or 
partially  responsible  for  the  excess  in 
lung  cancers  observed  in  this  cohort, 
then  inclusion  of  the  category  variable 
for  year  of  hire  should  reduce  the 
magnitude  of  the  coefficient  for 
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cadmium  exposure.  However,  when  the 
category  variable  representing  year  of 
hire  was  added,  the  magnitude  of  the 
cadmium  coefficient  increased,  which  is 
not  consistent  with  the  hypothesis  that 
arsenic  exposure  prior  to  1940  was 
largely  responsible  for  the  increased 
lung  mortality  seen  in  this  cohort 

This  analysis  by  Stayner  et  al.  was 
commented  on  by  Mr.  Leonard  Ulicny  of 
SCM  Chemicals  as  follows: 

This  analysis  is  significantly  flawed,  as  the 
year  of  hire  variable  and  the  cumulative 
exposure  variable  are  not  truly 
independent  *  *  *  For  nearly  any  composite 
of  work  departments,  the  estimates  of 
cadmium  inhalation  in  workers  hired  before 
1940  will  be  higher  than  estimates  for  those 
hired  after  1940.  Since  the  “independent” 
variables  are  in  fact  related,  regression 
analysis  cannot  distinguish  between  them 
(Ex.  144-17). 

OSHA  agrees  that  cadmium  exposure  is 
very  likely  to  be  correlated  with  the 
year  of  hire  variable  used  by  Stayner  et 
al.  However,  OSHA  also  believes  that 
there  were  significant  cadmium 
exposures  after  1940  and  there  were 
considerable  differences  in  cadmium 
exposures,  both  among  men  first  hired 
prior  to  1940  and  among  those  first  hired 
subsequently.  Consequently,  OSHA 
believes  that  the  correlation  between 
the  two  variables  is  far  from  perfect. 
Indeed,  if  it  were  perfect  or  nearly  so, 
inclusion  of  the  year  of  hire  variable 
would  have  resulted  in  a  decrease  in  the 
magnitude  of  the  cadmium  exposure 
variable.  However,  when  the  year  of 
hire  variable  was  included,  the  cadmium 
exposure  variable  actually  increased  in 
magnitude. 

If  there  was  a  perfect  correlation 
between  cadmium  exposure  and  arsenic 
exposure  (or  a  surrogate  for  arsenic 
exposure  such  as  year  of  hire),  which 
OSHA  does  not  believe  is  the  case,  then 
an  internal  analysis  of  the  Thun  cohort 
would  be  incapable  of  separating  the 
effects  of  arsenic  and  cadmium. 
However,  it  would  still  be  possible  to 
address  the  potential  magnitude  of  an 
effect  of  arsenic  using  the  carcinogenic 
potency  of  arsenic  estimated  from  other 
studies.  Such  an  analysis  has  been 
conducted  by  Thun  et  al.  (Ex.  4-68)  and 
will  be  reviewed  below.  Thun  et  al.  (Ex. 
4-68)  addressed  the  question  of  whether 
arsenic  exposure  may  have  been  largely 
responsible  for  the  excess  lung  cancer 
incidence  observed  in  this  cohort.  This 
was  done  by  estimating  the  potential 
number  of  arsenic-related  cancers  in 
their  cohort  using  the  carcinogenic 
potency  of  arsenic  estimated  by  OSHA 
in  its  final  rule  on  its  most  recent  arsenic 
standard  (48  FR  1864;  Jan.  14, 1983). 

Thun  et  al.  estimated  that  the  average 
exposure  to  arsenic  was  500  Mg/m3  in 


the  areas  of  highest  arsenic  exposure 
(near  the  roasting  and  calcine  furnaces), 
based  on  exposure  measurements  taken 
in  1950.  After  reducing  this  exposure  by 
75%  to  account  for  respirator  use, 
exposure  in  the  high  arsenic  areas  was 
estimated  as  125  tig/m3.  They  further 
took  into  account  that  an  estimated  20% 
of  person-years  were  spent  in  high 
arsenic  work  areas,  resulting  in  an 
average  arsenic  exposure  of  25  Mg/m3 
during  work  hours  for  the  576  workers 
hired  in  or  after  1926.  Thun  et  al. 
estimated  that  these  workers  worked  an 
average  of  3  years  and  consequently 
accumulated  1728  person-years  of 
arsenic  exposure.  Thun  et  al.  estimated, 
based  on  the  OSHA  risk  assessment 
model  for  arsenic  (48  FR  1864;  Jan.  14, 
1983),  these  arsenic  exposures  would 
account  for  only  0.77  lung  cancers  and 
consequently  would  not  account  for  the 
excess  lung  cancer  mortality  in  this 
cohort. 

Thun  et  al.  apparently  based  this 
estimate  on  OSHA’s  preferred  estimate 
of  lifetime  risk  of  40/1000  from  a  45-year 
working  lifetime  of  exposure  to  50  Mg/m3 
arsenic  (48  FR  1890;  Jan.  14, 1983),  as 
follows: 

[(1728  PY)  *  (500  iig/m3)  *  (0.25)  *  (0.2)]  /  [(45 
PY)  *  (50  Mg/m3)]  *  [40/1000]=0.77  lung 
cancers. 

OSHA  has  updated  this  calculation  to 
reflect  the  additional  followup  of  the 
cohort  through  1984.  OSHA  has  also 
adjusted  the  estimate  of  the  average 
person-years  work,  and  has  made  some 
additional  analyses  to  account  for  the 
fact  that  the  Thun  et  al.  estimate  of  the 
number  of  lung  cancers  attributable  to 
arsenic  exposure  represents  the  ultimate 
number  after  complete  followup  rather 
than  after  the  partial  followup  currently 
available,  and  to  incorporate  additional 
information  on  arsenic  exposures  in  the 
cohort. 

Addressing  first  the  estimate  of  the 
average  person-years  of  work,  Lamm 
(Ex,  144-8)  calculated  an  average  of  6.94 
years  of  work  at  the  plant  per  cohort 
member  which  is  more  than  double  the 
value  of  3  years  estimated  by  Thun  et  al. 
To  resolve  this  discrepancy,  OSHA 
asked  Dr.  Stayner  to  calculate  the 
average  duration  of  work  for  the  cohort 
of  men  first  exposed  in  or  after  1926 
based  on  followup  through  1984.  Dr. 
Stayner  obtained  an  arithmetic  mean  of 
7.15  years  and  a  geometric  mean  of  3.04 
years  (Stayner,  personal 
communication).  Since  the  former  figure 
is  very  close  to  the  figure  reported  by 
Lamm  and  the  latter  figure  is  very  close 
to  the  value  reported  by  Thun  et  al., 
OSHA  concludes  that  Thun  et  al.  must 
have  used  the  geometric  average, 
whereas  Lamm  reported  the  arithmetic 


average.  Since  the  average  is  used  to 
calculate  the  total  person-years  of 
exposure  reported,  OSHA  concludes 
that  the  arithmetic  average  is 
appropriate  for  this  application  and  the 
geometric  average  is  inappropriate.  (The 
total  person-years  is  equal  to  the 
product  of  the  number  of  persons  in  the 
cohort  times  the  arithmetic  average  of 
person-years  of  exposure,  not  the 
geometric  average  of  person-years  of 
exposure.)  The  arithmetic  average  of 
7.15  years  of  exposure  corresponds  to  a 
total  person-years  of  exposure  of  7.15  * 
606=4333  person-years  in  the  cohort 
reported  on  by  Stayner  et  al.  (Ex.  L-140- 
20),  where  606  is  the  number  of  persons 
in  Stayner  et  al.’s  cohort. 

We  now  consider  the  adjustments  to 
Thun  et  al.’s  methodology  needed  to 
account  for  the  fact  that  followup  of  the 
cohort  currently  is  only  through  1984 
and  consequently  is  incomplete.  Since 
Thun  et  al.  used  OSHA’s  lifetime  risk 
estimate  for  arsenic  in  their  calculation, 
the  0.77  cancers  represent  the  ultimate 
number  of  cancers  in  the  cohort  after 
complete  followup,  rather  than  the 
number  of  cancers  through  1984.  Stayner 
et  al.  (Ex.  L-140-20)  reported  that  only 
27%  of  the  cohort  of  workers  hired  in  or 
after  1926  had  died  after  followup 
through  1984  (162  out  of  606). 
Consequently,  the  estimate  of  the 
ultimate  number  of  lung  cancers 
attributable  to  arsenic  exposure  should 
be  multiplied  by  0.27  to  estimate  the 
number  of  lung  cancers  attributable  to 
arsenic  exposure  after  followup  through 
1984. 

Considering  next  the  estimates  of 
arsenic  exposures,  the  average  arsenic 
exposure  of  500  Mg/m3  in  high  arsenic 
exposure  areas  that  was  used  by  Thun 
et  al.  in  their  calculation  was  based  on 
arsenic  measurements  made  in  1950. 

Two  additional  sources  of  data  on 
arsenic  exposures  are  also  available:  a 
1945  report  by  the  University  of 
Colorado,  Division  of  Industrial  Hygiene 
on  plant  dust  and  fumes,  including 
arsenic  measurements  (cited  in  Ex.  L- 
140(23)  and  Ex.  144-8c),  and  urinary 
arsenic  level  measured  in  the  high 
arsenic  areas  from  1960  to  1980  (Ex.  4~ 
68).  OSHA  has  reviewed  the  data  from 
each  of  these  sources  and  used  these 
data  to  quantify  arsenic  exposures  in 
the  cohort. 

In  1991  Dr.  Schulte  of  NIOSH  (Ex.  144- 
8c)  used  the  1945  exposure  data  to 
•  estimate  average  arsenic  exposures  in 
high  arsenic  exposure  areas.  Data  tables 
contained  in  the  1945  report  provide 
estimated  8-hour  arsenic  exposure 
values  for  18  sample  groups  that  were 
collected  in  the  high  arsenic  exposure 
operations  of  sampling,  mixing,  roasting 
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and  calcine.  Estimates  of  work  shift 
exposure  were  calculated  by  combining 
the  arsenic  concentrations  obtained 
from  short-term  samples  that  were 
collected  while  various  tasks  were  being 
performed,  or  in  the  general  areas  where 
the  worker  was  during  the  work  shift 
Based  on  these  data,  Or.  Schulte 
presented  several  summary  measures  of 
arsenic  exposure,  including  both 
arithmetic  and  geometric  averages.  Both 
types  of  averages  were  calculated  both 
unweighted  and  weighted  by  the  number 
of  workers  in  each  operation.  OSHA  has 
substantially  verified  the  NIOSH  results 
for  the  weighted  averages,  which  were 
936  pg/m3  for  the  weighted  arithmetic 
mean  and  157  for  the  weighted 
geometric  mean.  OSHA  also  concludes 
that  the  weighted  means  are  more 
appropriate  than  the  unweighted  means 
since  estimates  of  overall  exposure 
should  take  into  account  the  number  of 
workers  exposed  to  each  level  (e.g.,  if 
100  workers  are  exposed  to  100  pg/m3 
and  one  worker  to  1000  pg/m3,  it  is  not 
reasonable  to  assume  an  average 
exposure  of  [100 + 1000] /2= 550  pg/m3 
for  the  entire  cohort).  OSHA  also 
concludes  that  the  arithmetic  weighted 
average  is  a  more  appropriate  summary 
measure  for  assessing  risk  than  the 
geometric  average  because  the 
arithmetic  average  is  more  likely  to  be 
closely  correlated  with  lung  cancer  risk 
than  the  geometric  average.  (To  cite  an 
extreme  example  of  the 
unreasonableness  of  the  geometric 
average  in  this  context  if  a  single 
sample  value  is  zero,  then  regardless  of 
the  values  of  the  remaining  samples,  the 
overall  geometric  average  is  zero.)  In 
summary,  based  on  Schulte’s  data, 

OSHA  concludes  that  the  weighted 
average  of  936  pg/m3  is  the  most 
reasonable  summary  measure  of  arsenic 
exposure  in  the  high  arsenic  exposure 
areas  from  the  1945  data  for  purposes  of 
risk  assessment.  Using  the  respirator 
adjustment  factor  of  0.25  introduced  by 
Thun  et  al.  results  in  a  average  exposure 
of  0.25  *  936  pg/ir.3=234  pg/m3. 

Turning  now  to  the  urinary  arsenic 
data,  Thun  et  al.  (Ex.  4-68)  noted  that 
the  average  urinary  arsenic  level 
measured  in  the  high  arsenic  areas  from 
1960-1980  were  consistent  with  an 
average  inhaled  arsenic  concentration  of 
14  pg/m3.  If  one  assumes  that  the 
reduction  in  airborne  arsenic  levels 
paralleled  the  reduction  in  airborne 
cadmium  levels  over  time  in  these  areas 
(this  does  not  require  assuming  that 
individual  exposures  to  cadmium  and 
arsenic  were  proportional  since  workers 
generally  moved  among  several  areas), 
then  the  urinary  arsenic  data  can  be 
used  in  conjunction  with  the  cadmium 


exposure  estimates  (Ex.  4-08,  Table  1)  to 
estimate  the  arsenic  exposures  prior  to 
196a  Since  the  (respirator-adjusted) 
cadmium  exposures  at  the  calcine 
furnace  are  estimated  to  be  0.15  pg/m3 
after  1965, 0.4  pg/m*  between  1960  and 
1964,  and  1.5  pg/m*  in  earlier  years,  the 
estimate  of  arsenic  exposure  previous  to 
1960  at  the  calcine  furnace  is  estimated 
to  be  between  14  *  15/0.4=52.5  pg/m* 
and  14  *  1.5/0.15=140  pg/m*.  Similarly, 
since  the  estimated  cadmium  exposures 
in  the  roaster  area  were  0.6  pg/m3  after 
1950  and  1.0  pg/m3  before  1950,  arsenic 
exposures  in  the  roaster  area  are 
estimated  as  14  pg/m*  between  1950  and 
1960,  and  14  *  1.0/0.6=23.3  pg/m3  prior 
to  1950.  Since  these  estimates  are  based 
on  urinary  levels,  they  reflect  what  was 
actually  inhaled  and  require  no 
additional  adjustment  for  respirator  use. 

In  summary,  OSHA  has  developed 
three  sets  of  estimates  of  arsenic 
exposure  in  high  arsenic  exposure  areas 
for  the  period  prior  to  1960.  After 
adjusting  for  respirator  use,  these 
estimates  are:  125  pg/m3  based  on  1950 
monitoring  data,  which  was  used  by 
Thun  et  al.  to  quantify  arsenic  exposure; 
234  pg/m3  based  on  1945  monitoring 
data;  and  between  14  pg/m*  and  140  pg/ 
m3  based  on  changes  over  time  in 
cadmium  exposures  and  urinary  arsenic 
levels  measured  between  1960  and  1980. 

We  note  that  the  original  respirator- 
adjusted  estimate  of  arsenic  exposure  of 
125  pg/m3  made  by  Thun  et  al.  is  within 
the  range  of  the  other  estimates 
summarized  in  the  previous  paragraph. 

If  this  estimate  of  arsenic  exposure  is 
retained  and  the  person-years  of  arsenic 
exposure  are  adjusted  as  explained 
earlier  and  the  factor  of  0.27  is  added  to 
account  for  the  fact  that  most  of  the 
cohort  members  were  still  alive  at  the 
end  of  the  most  recent  followup,  die 
resulting  estimate  of  the  number  of 
cancer  deaths  in  the  cohort  by  1964 
attributable  to  arsenic  exposure 
becomes 

[(4333  PY)  *  (125  pg/m3)  *  a2]  /  [(45  PY)  *  (50 
pg/m3)]  *  140/1000]  *  0.27  =  0.52  lung 
cancer  deaths. 

Even  if  the  highest  OSHA  estimate  of 
average  arsenic  exposure  (234  pg/m3)  is 
used,  instead  of  125  pg/m3,  the 
estimated  number  of  lung  cancer  deaths 
attributable  to  arsenic  exposure  is  0.97. 
On  the  other  hand,  Stayner  et  al. 
observed  24  lung  cancer  deaths  and  an 
overall  excess  of  eight  (including  an 
excess  of  11  among  non-Hispanics  only). 
Therefore,  even  though  OSHA's  analysis 
differs  from  that  of  Thun  et  aL  in  several 
respects,  the  overall  conclusion  is  the 
same:  It  is  unlikely  that  arsenic  accounts 
for  the  excess  lung  cancer  deaths 


observed  in  this  cohort  or  even  for  a 
substantial  proportion  of  that  excess. 

Any  error  in  the  estimate  of  respirator 
use  will  result  in  uncertainty  in  the 
estimate  of  arsenic  exposure  for  those 
members  of  the  cohort  who  were 
employed  in  high  arsenic  exposure  . 
areas.  If  the  arsenic  exposure  is 
underestimated  the  contribution  of 
arsenic  to  the  excess  lung  cancer  risk 
would  be  underestimated.  If.  on  the 
other  hand,  the  arsenic  exposure  was 
overestimated,  the  contribution  of 
arsenic  to  the  excess  lung  cancer  risk 
would  be  overestimated.  As  discussed 
in  Section  V  on  health  effects,  OSHA  is 
of  the  opinion  that  Drs.  Thun  and  Smith 
made  reasonable  estimates  of  both 
arsenic  and  cadmium  exposures,  but 
realizes  that  the  actual  certainty  of  the 
estimates  will  never  be  known. 

Dr.  Schulte  of  NIOSH  (Ex.  144-8C) 
pointed  out  three  factors  that  indicate 
that  the  average  concentrations  derived 
from  the  1945  monitoring  data  above 
may  be  substantial  overestimates  of 
actual  arsenic  exposure. 

First,  the  1945  report  states  that  three  of  the 
departments  with  the  highest  arsenic 
concentrations  (crusher,  including  unloading; 
Godfrey  Roasters;  and  baghouse)  "in  recent 
years  have  operated  about  one  month  in 
every  two  or  three.”  The  TWA  should  be 
multiplied  by  0.5  or  033  to  estimate  the  actual 
average  arsenic  exposure  to  take  this  work 
pattern  into  account.  Second,  loading  and 
unloading  railroad  cars  are  among  the  jobs 
with  the  highest  exposure,  but  not  only  are 
these  jobs  done  intermittently,  they  should 
not  be  equated  with  departmental  averages 
throughout  the  departments  where  arsenic 
exposure  potentially  occurs.  Third,  particle 
size  sampling  was  not  done  during  the  1944 
and  1945  surveys.  Many  of  the  samples  taken 
were  of  dust  and  thus  a  portion  of  the  sample 
was  of  non-respirable  size.  This  is  especially 
true  in  the  jobs  involving  loading  and 
unloading,  which  included  some  of  the 
highest  arsenic  values. 

Dr.  Thun  (Ex.  L-l 40-23)  cites  two 
additional  reasons  why  the  estimated 
average  arsenic  exposure  of  500  pg/m* 
may  be  a  substantial  overestimate.  One 
is  that  an  estimate  of  the  average 
exposure  derived  from  the  urinary 
arsenic  data  is  so  much  lower.  The  other 
is  the  fact  that  high  arsenic  exposure 
jobs  were  frequently  staffed  with  short¬ 
term  employees  who  were  not  included 
in  the  study  and  whose  arsenic 
exposures  therefore  did  not  affect  its 
results. 

Dr.  Lamm  (Ex.  144-8)  disputed  each  of 
the  factors  used  by  Thun  et  al.  to 
estimate  arsenic  exposures  in  this 
cohort.  Lamm  posits  a  mid-range  value 
of  8,700  jig/ m*  (representing  simply  one- 
half  of  the  highest  recorded 
measurement),  or  2,650  pg/m*  (obtained 
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by  “exclusion  of  the  highest  level  and 
taking  a  mid-range  of  other  high  levels”). 
OSHA  considers  the  weighted 
arithmetic  average  used  in  its  analysis 
to  estimate  exposures  from  the  1945 
data  to  be  a  more  appropriate  scientific 
approach  than  Lamm’s  use  of  a  mid¬ 
range  of  certain  selected  “high  levels.” 
Since  other  data  are  available  which 
indicate  lower  levels  of  arsenic  and 
because  of  the  potential  for 
overestimation  of  arsenic  exposure  as 
described  by  Dr.  Schulte  and  Dr.  Thun, 
OSHA  considers  that,  to  the  extent  that 
its  estimate  of  936  pg/m3  based  on  the 
1945  data  is  in  error,  it  is  more  likely  to 
overestimate  rather  than  underestimate 
arsenic  exposures. 

Dr.  Lamm  also  questioned  the 
estimate  by  Thun  et  al.  that  20%  of  the 
person-years  of  exposure  were  spent  in 
high  arsenic  exposure  areas,  citing  that 
the  controls  in  his  case  control  study 
spent  “more  than  two-thirds  of  their 
time  (68%)  in  the  high  cadmium  areas.” 
However,  Thun  (Ex.  L-140-23)  explains 
that  he  and  his  co-investigators  used 
several  sources  of  information  in  making 
this  estimate. 

The  primary  source  of  information  was 
biomonitoring  data  which  gave  department 
numbers,  and  thus  could  be  used  to  estimate 
the  percent  of  time  spent  in  high  arsenic 
areas.  We  also  used  information  provided  in 
the  doctoral  thesis  of  Jeffrey  Lee  which 
included  information  on  shift  assignments. 
The  20%  estimate  was  discussed  with  Dr. 
Lowell  White  of  ASARCO  and  with  Mr.  Ernie 
Lovato,  president  of  United  Steelworkers 
Local  557,  who  confirmed  the  20%  estimate. 
Finally,  personnel  records  showing  two-week 
shift  assignments  were  reviewed  to  see  if 
they  confirmed  the  20%  estimate. 

Dr.  Thun  also  points  out  that  Lamm’s 
68%  figure  does  not  contradict  this 
estimate  because,  first,  Lamm's  figure  is 
for  high  cadmium  areas,  not  high  arsenic 
areas  and,  second,  Lamm's  figure  is 
derived  from  a  small  sample  of  workers 
from  his  case  control  study  (comprising 
only  12%  of  the  cohort). 

The  Dry  Color  Manufacturers’ 
Association  (DCMA)  commented  that 
Thun  et  al.  underestimated  the 
percentage  of  the  workforce  exposed  to 
"high  arsenic”  work  areas  by  assuming 
only  20%  were  so  exposed  when  in 
reality  everyone  was  exposed  because 
entry-level  positions  were  in  these  high- 
exposure  areas  (Ex.  120).  This  comment 
appears  to  be  based  on  a  misconception 
regarding  what  the  20%  figure  is 
supposed  to  represent.  It  represents  the 
percent  of  person-years  spent  in  high- 
arsenic  exposure  areas,  not  the  percent 
of  workers  that  ever  worked  in  these 
areas.  Even  if  DCMA  were  to  be  correct 
in  its  claim  that  100%  of  workers  were 
exposed  in  high  arsenic  areas,  this 


would  in  no  way  contradict  the  20% 
estimate  made  by  Thun  et  al. 

Dr.  Lamm  contends  that  the  "arsenic 
content  of  the  fines  used  as  feedstock 
prior  to  1940  were  considerably  higher 
than  those  used  after  1940”  (Ex.  144-7B). 
Lamm  presents  a  graph  of  mean  arsenic 
in  the  feedstock  from  1926  through  1958 
(Ex.  144-7,  Figure  5)  that  indicates  levels 
were  two  to  three  times  as  high  between 
1926  and  1940  as  between  1940  and  1958. 
However,  Thun  (Ex.  33)  presents  a  graph 
of  total  pounds  of  arsenic  processed  by 
year  from  1924  through  1958  that 
indicates  no  particular  trend  after  1926. 

In  fact,  the  highest  amount  of  arsenic 
processed  between  1927  and  1958 
appears  to  have  occurred  in  1953.  The 
lack  of  a  difference  in  amount  of  arsenic 
processed  during  the  two  time  periods  is 
corroborated  by  Table  8  in  Lamm  et  al. 
(Ex.  144-7)  that  indicates  the  average 
arsenic  produced  was  5,150  kg/yr 
between  1928  and  1940  and  4,356  kg/yr 
between  1941  and  1958.  OSHA  believes 
that  it  is  questionable  as  to  whether  the 
amount  of  arsenic  processed  or  the 
arsenic  concentration  of  the  ore  is  a 
better  indicator  of  worker  exposures.  It 
seems  reasonable  that  the  amount  of 
fugitive  dust  present  would  be  likely  to 
be  related  to  the  total  amount  of  ore 
processed  and  not  to  the  arsenic 
content.  If  so,  then  the  total  amount  of 
arsenic  processed  is  likely  to  be  a  better 
predictor  of  the  total  amount  of  arsenic 
released  into  the  air.  At  the  outside, 
these  data  do  not  suggest  a  large 
difference  between  the  arsenic  air 
concentrations  between  1926-1940  and 
post-1940.  Thus,  OSHA  finds  Dr.  Lamm’s 
argument  to  be  less  than  compelling  and 
concurs  with  Dr.  Thun’s  conclusion  that 
“[tjhese  data  [on  amount  of  arsenic 
processed  by  year]  do  not  support  the 
hypothesis  that  arsenic  contamination 
was  markedly  higher  from  1926-1940 
than  thereafter”  (Ex.  33). 

Dr.  Lamm  indicates  that  he  calculated, 
based  on  computerized  work  histories 
supplied  by  NIOSH,  an  average 
employment  of  members  of  the  Thun 
cohort  of  6.94  years  as  opposed  to  the  3 
years  used  by  Thun  et  al.  in  their  arsenic 
calculation.  As  explained  earlier,  based 
on  the  followup  through  1984,  Dr. 

Stayner  of  NIOSH  recently  calculated 
an  arithmetic  average  employment 
duration  of  7.15  years  which  agrees 
substantially  with  the  value  calculated 
by  Dr.  Lamm.  This  figure  of  7.15  years 
was  incorporated  by  OSHA  into  its 
calculations  as  described  earlier. 

Finally,  Dr.  Lamm  contends  that  Thun 
et  al.  were  in  error  in  reducing 
exposures  by  75%  to  account  for 
respirator  use.  Lamm  argues  that 
respirator  use  was  not  considered  in 
OSHA’8  risk  assessment  of  arsenic  and 


therefore  not  using  a  respirator 
reduction  factor  would  be  equivalent  to 
assuming  that  respirator  protection  in 
this  cohort  was  comparable  with  that  in 
the  cohorts  upon  which  OSHA’s  risk 
assessment  for  arsenic  was  based. 

But  OSHA  relied  mainly  on  data  from 
the  Anaconda,  Montana  and  the 
Tacoma,  Washington  copper  smelters  in 
its  risk  assessment  for  arsenic.  Arsenic 
exposures  at  the  Tacoma  smelter  were 
estimated  from  urinary  arsenic 
measurements  and  based  on 
correlations  of  air  measurements  and 
urinary  arsenic  levels  collected  from 
workers  who  did  not  wear  respirators 
during  the  time  the  data  were  being 
collected  (48  FR 1878,  )an.  14, 1983.)  Air 
levels  estimated  from  such 
measurements  thus  would  reflect  actual 
inhaled  doses  and  further  correction  for 
respirator  use  would  not  be  appropriate. 
As  stated  by  OSHA  in  connection  with 
the  final  arsenic  rule,  “they  [estimates  of 
exposure  in  the  Tacoma  smelter  based 
on  urinary  arsenic  data]  take  into 
account  the  protection  afforded  by  the 
respirators  that  were  sometimes  worn.” 
(48  FR  1887,  Jan.  14, 1983). 

Respirator  use  was  also  accounted  for 
in  some  analyses  of  data  from  the 
Anaconda  smelter  "Because  respirators 
generally  were  wom  in  the  heavy 
exposure  areas,  Lubin  et  al.  reduced  the 
assigned  exposure  level  to  1.13  mg/mJ  in 
the  heavy  exposure  category  for  some  of 
their  multivariate  analyses"  (48  FR  1870, 
jan.  14, 1983).  Moreover,  some  of  the  risk 
assessments  of  data  from  the  Anaconda 
smelter  upon  which  OSHA  relied 
omitted  data  from  the  heavy  exposure 
category  (Ex.  206  ref.  in  48  FR  1864,  Jan. 
14, 1983).  This  constitutes  a  de  facto 
correction  for  respirator  use,  because 
the  group  most  likely  to  have  used 
respirators  were  not  included  in  the 
analysis. 

On  the  other  hand,  the  exposure 
estimates  in  the  epidemiological  study 
of  the  Anaconda  smelter  by  Higgins  et 
al.  did  not  include  adjustments  for 
respirator  use  because  the  authors  did 
not  believe  such  adjustments  were 
appropriate.  Thus,  some  of  the  risk 
assessments  cited  by  OSHA  included 
adjustments  for  respirator  use  and  at 
least  one  did  not.  The  estimates  of 
lifetime  risk  from  arsenic  exposure 
preferred  by  OSHA  were  consistent 
with  estimates  made  from  studies  cited 
above  in  which  adjustments  for 
respiratory  use  were  either  made  or 
judged  not  to  be  appropriate. 

It  should  also  be  noted  that,  like  the 
estimates  of  arsenic  exposure  made  in 
the  Tacoma  arsenic  smelter  based  on 
urinary  data,  estimates  of  arsenic 
exposure  at  the  Colorado  cadmium 


42186  Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations 


smelter  based  on  the  urinary  arsenic 
data  (discussed  earlier  in  this  section} 
did  not  require  nor  employ  any 
adjustment  for  respirator  use. 
Nevertheless,  estimates  of  arsenic 
exposure  derived  from  these  data  were 
generally  lower  than  estimates  made 
from  other  types  of  data  for  which 
adjustment  for  respirator  use  was 
deemed  necessary  and  therefore 
employed. 

After  review  and  modification  of  the 
Thun  et  al.  analysis  of  the  potential 
effect  of  arsenic  and  consideration  of 
the  above  points,  OSHA  concludes  that 
Dr.  Lamm’s  contention  that  Thun  et  al. 
seriously  underestimated  the  potential 
impact  of  arsenic  upon  lung  cancer  in 
this  cohort  is  not  convincing.  OSHA’s 


preferred  estimate  of  the  expected 
number  of  deaths  from  lung  cancer  due 
to  arsenic  in  the  cohort  studies  by 
Stayner  et  al.,  which  were  first  exposed 
in  1926  or  later,  is  0.52  out  of  a  total  of  24 
that  have  been  observed.  Further,  based 
on  its  analysis  described  above,  OSHA 
believes  that  it  is  unlikely  that  the 
number  could  be  substantially  larger 
than  this  preferred  value. 

Potential  for  Confounding  by  Smoking  in 
the  Thun  Cohort 

In  addition  to  arsenic  exposure, 
tobacco  smoking  is  also  a  risk  factor  for 
lung  cancer  in  the  Thun  cohort.  As 
explained  by  Dr.  Thun  in  his  testimony 
on  the  proposed  rule  (Ex.  33),  smoking 
information  was  available  for  43%  of  the 


workers  in  the  study.  This  information 
was  collected  by  the  company  in  1982 
using  a  questionnaire  mailed  to 
surviving  workers  or  next  of  kin  of 
deceased  workers  and  using  medical 
records.  The  questionnaire  inquired 
about  the  ages  of  starting  and  stopping 
smoking  and  the  usual  amount  smoked. 
Dr.  Thun  compared  the  smoking  habits 
of  the  cadmium  workers  as  of  July  1, 

1965  to  smoking  habits  for  U.S.  white 
males  in  1965  as  determined  by  a  Health 
Interview  Survey  (HIS)  of  the  National 
Center  for  Health  Statistics,  Table  VI-13 
was  used  by  Dr.  Thun  to  summarize 
these  data.  This  table  compares  smoking 
habits  of  Hispanic  and  non-Hispanic 
workers  separately  to  smoking  habits  of 
U.S.  white  males. 


Table  Sfl-1 3.— Smoking  Habits  Among  Hispanic  and  Non-Hispanic  Workers  and  Among  White  Males  in  U.S.  General 

Population 

tin  percent]  , 


Group 

Non-  and 
former 
smokers 

Current  smokers 

<15 

15-24 

>25 

U.S.  Mates . . . 

48.5 

13.3 

24.1  1 

14.1 

Cadmium  Workers 

Hispanic 

43.7 

31.0 

20.7 

4.6 

Nnn-Hispanir 

50.9  1 

13.5  I 

21.5  1 

14.1 

1 

Source;  Thun  (Ex.  33). 


Although  Dr.  Thun  cautioned  that 
smoking  information  was  collected 
differently  from  the  cadmium  workers 
than  in  the  1965  HIS  and  therefore  may 
not  be  comparable,  the  smoking  pattern 
for  non-Hispanics  is  very  similar  to  the 
smoking  habits  for  U.S.  white  males  in 
general.  These  data  do  not  suggest  that 
differences  in  smoking  habits  could 
have  accounted  for  the  11  excess  lung 
cancers  (SMR=211,  p<0.01)  observed 
by  Stayner  et  al.  (Ex.  L-140-20)  among 
non-Hispanics.  If  anything,  they  suggest 
that  smoking  rates  may  have  been 
slightly  lower  among  non-Hispanics 
than  in  the  referent  group  of  U.S.  white 
males  used  by  Stayner  et  al.  which 
could  cause  the  effect  of  cadmium  to  be 
underestimated  in  the  life-table 
analysis. 

The  smoking  data  on  Hispanics  in 
Table  VI-13  indicate  that  the  Hispanic 
workers  were  more  likely  to  be  current 
smokers,  but  smoked  fewer  cigarettes 
per  day.  Dr.  Thun  pointed  out  that  this 
pattern  is  typical  of  Mexican-American 
men.  Dr.  Thun  also  pointed  out  that 
“(sjeveral  studies  have  shown  low  rates 
of  lung  cancer  among  Hispanics  in  the 
Southwest",  and  “(i]n  Denver  between 
1969-1971,  Hispanic  males  had  less  than 
half  (0.41)  the  incidence  of  lung  cancer 
compared  to  other  whites."  Thus  the 
lower  mortality  from  lung  cancer  among 


Hispanics  found  in  this  study  is 
consistent  with  generally  lower  rates 
among  Mexican-American  men.  These 
findings  support  the  use  of  U.S.  white 
males  as  the  referent  population  for  non- 
Hispanics  in  this  study,  as  was  used  by 
Stayner  et  al.  in  their  life-table  analysis, 
but  suggests  that  this  referent 
population  has  a  higher  background  rate 
of  lung  cancer  than  the  population  of 
Hispanics  in  this  study.  This  could  have 
caused  Stayner  et  aL  to  underestimate 
the  effect  of  cadmium  among  Hispanics 
in  their  life-table  analysis. 

As  noted  by  Stayner  et  aL  (Ex.  L-140- 
20),  the  modelling  procedures  they  used 
based  on  Poisson  regression  and  Cox 
regression  gready  reduced  the  potential 
for  confounding  by  cigarette  smoking. 
This  is  because  these  modelling 
procedures  rely  on  internal  comparisons 
within  the  cohort  rather  than  upon 
comparisons  with  an  external  control 
population.  Consequently,  “(ijn  order  for 
smoking  to  confound  this  analysis,  one 
would  have  to  propose  that  smoking 
habits  varied  between  the  exposure 
categories  used  in  the  analysis,  which 
seems  unlikely.”  Moreover,  Dr.  Thun 
showed  (Ex.  33)  that  the  percent  of 
Hispanics,  which  may  be  acting  as  a 
partial  surrogate  for  cigarette  smoke, 
was  evenly  represented  in  the  low, 


medium  and  high  cadmium  exposure 
groups. 

In  summary,  the  smoking  data  that  are 
available  indicate  that  smoking  patterns 
among  non-Hispanics  in  this  cohort 
were  comparable  with  those  of  U.S. 
white  males  in  general  and  therefore 
cannot  explain  the  significant  excess  of 
lung  cancers  among  non-Hispanics  in 
this  cohort  The  smoking  pattern  among 
Hispanics  in  the  cohort  indicated  that 
the  Hispanic  smokers  tended  to  smoke 
less  than  U.S.  white  males.  This  pattern 
is  consistent  with  generally  lower 
smoking  rates  among  Mexican- 
American  men  and  may  explain  at  least 
partially  the  lower  lung  cancer  rates 
observed  among  Hispanics  in  this  study. 
In  neither  Hispanics  nor  non-Hispanics 
did  the  smoking  data  indicate  a  higher 
than  normal  prevalence  of  smoking  that 
could  account  for  the  observed 
increased  lung  cancer  mortality  rate  in 
this  cohort  Moreover,  even  if  the  rate  of 
smoking  in  this  population  had  been 
different  from  that  expected  among  any 
comparable  mixture  of  Hispanics  and 
non-Hispanics,  such  differences  would 
be  unlikely  to  affect  the  statistical 
analysis  conducted  by  Stayner  et  al.  that 
did  not  make  use  of  an  external  control 
population. 
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Summary  of  OSHA’s  Review  of 
Potential  Confounders  in  the  Thun 
Cohort 

OSHA  has  carefully  considered  the 
evidence  regarding  whether  the  excess 
lung  cancers  in  the  Thun  cohort  can  be 
attributed  to  arsenic  exposure,  and 
particularly  to  arsenic  exposure  prior  to 
1940.  The  analysis  presented  by  Dr. 
Schulte  of  NIOSH  demonstrates  that  the 
increased  lung  cancer  mortality  in  this 
cohort  is  not  confined  to  workers  first 
employed  prior  to  1940.  Similarly,  results 
obtained  by  Stayner  et  al.  were  not 
consistent  with  the  increased  lung 
cancer  in  the  cohort  being  a  result  of 
arsenic  exposure  that  occurred  prior  to 
1940.  Finally,  even  though  there  are 
several  reasons  stated  by  Dr.  Schulte 
and  Dr.  Thun  as  to  why  the  analyses 
conducted  by  Thun  et  al.  and  modified 
by  OSHA  could  overestimate  the  effect 
of  arsenic  exposure,  these  estimates 
indicate  that  arsenic  exposure  does  not 
explain  the  increased  lung  canceT 
mortality  observed  in  this  cohort.  OSHA 
also  finds  no  evidence  of  excess 
smoking  in  the  population  that  could 
explain  the  excess  of  lung  cancers.  Thus, 
OSHA  concludes  that  the  excess  in  lung 
cancer  among  workers  in  the  Thun 
cohort  who  were  first  employed  in  or 
after  1926  is  unlikely  to  be  due  to 
arsenic  exposure  or  to  cigarette  smoking 


and  is  more  likely  to  be  attributable  to 
cadmium  exposure.  This  conclusion  is 
strengthened  by  the  knowledge  that  lung 
cancer  has  unequivocally  been  related 
to  inhalation  of  cadmium  in  animals. 

Review  of  Other  Issues 

The  Low  SMR  in  the  Low  Exposure 
Group  in  the  Thun  Cohort 

Several  commenters  (Exs.  38, 19-30), 
noted  the  low  SMR  (SMR =53,  based  on 
two  lung  cancer  deaths)  in  the  low 
exposure  group  (584  mg-days/m3)  of  the 
Thun  et  al.  study  (Ex.  4-68)  and 
suggested  that  this  was  evidence  of  a 
threshold  for  the  carcinogenic  effect  of 
cadmium.  Dr.  Thun  addressed  this  issue 
in  his  testimony  at  the  OSHA  hearing 
(Ex.  33)  by  presenting  results  for 
followup  through  1984  and  by 
calculating  the  expected  number  of  lung 
cancers  using  both  U.S.  and  Colorado 
rates.  His  findings  with  respect  to  the 
low  exposure  group  (<584  mg-days/m3) 
are  summarized  in  Table  VI-14.  In  none 
of  the  four  cases  is  the  deficit  in  lung 
cancers  statistically  significant 
Moreover,  the  life-table  analysis  of  this 
cohort  by  Stayner  et  al.  (Ex.  L-14020) 
demonstrates  that  the  deficit  is  also  not 
statistically  significant  when 
considering  only  non-Hispanics  (1  case 
observed  and  3.35  expected.  p=0.15,  see 
Table  VI-7).  Further,  the  deficit  in  the 


lung  cancer  rate  in  the  low  exposure 
group  is  smaller  when  Colorado 
mortality  rates  are  used  (Table  VI-14). 
Moreover,  as  noted  by  Dr.  Thun  (Ex.  33). 
several  studies  have  shown  low  rates  of 
lung  cancer  among  Hispanics  in  the 
Southwest  (possibly  as  a  result  of 
reduced  smoking  among  Hispanics)  and 
40%  of  the  cohort  are  Hispanics  whereas 
in  1980  only  6.5%  of  Colorado  males 
were  Hispanic  (USDOC,  1980).  OSHA 
also  suggested  that  this  could  be  due  to 
a  healthy  worker  effect  The  healthy 
worker  effect  is  seen  in  worker  cohorts 
because  the  health  status  of  people  who 
are  accepted  for  employment  is  better 
than  the  health  status  of  the  general 
population  used  for  comparison  (Ex.  50). 
Thus,  OSHA  concludes  that  the  deficit 
in  lung  cancers  in  the  low  exposure 
group  may  be  attributed  to:  (1)  Random 
fluctuation,  (2)  the  healthy  worker  effect 
(3)  differences  between  U.S.  and 
Colorado  lung  cancer  rates,  and  (4)  an 
excess  of  Hispanics  in  the  cohort,  and 
does  not  indicate  a  threshold  for  the 
carcinogenic  effect  of  cadmium. 
Similarly,  Dr.  Thun  (Ex.  33)  expressed 
the  opinion  that  the  apparent  deficit  of 
lung  cancers  among  workers  exposed  to 
less  than  584  mg-days/m3  (the  low 
exposure  group)  “is  an  artifact  of  the 
lower  smoking  habits  of  the  cadmium 
workers  and  should  not  be  interpreted 
as  showing  a  ‘safe’  level  of  cadmium." 


Table  VI-14.— Expected  and  Observed  Numbers  of  Lung  Cancers  »n  the  Lowest  Exposure  Group  ($584  mg-days/m5) 

of  the  Thun  Cohort  (Ex.  33)  Hired  In  or  After  1926 


Followup  period 

Based  on  rates  of  U.S.  white 
males 

Based  on  rates  of  Colorado 
white  males 

O/E* 

SMR 

O/E* 

SMR 

Through  1978 . . . 

*2/3.76  (p=0.28) 

*  2/6.06  <p=0.06) 

0.53 

0.33 

_ : 

*  2/2.64  (p =0.51) 
*2/4.37  (p=0.19) 

0.76 

0.46 

Through  1984 . . . . . . . _ . 

“  Observed/ expected. 

b  Probability  of  observing  two  or  fewer  lung  cancers  assuming  lung  cancers  are  Poisson  distributed  with  mean  given  by  the  respective  expected  number. 


Lamm  et  al.’s  Case  Control  Analysis 

Lamm  et  al.  (Ex.l44-7B)  conducted  a 
case  control  analysis  of  25  lung  cancer 
cases  in  the  Thun  cohort.  Three  controls 
per  case  were  selected  from  this  cohort. 
Controls  were  matched  to  cases  by  date 
of  hire  and  age  at  hire.  Explanatory 
variables  were  cumulative  cadmium 
exposure,  cigarette  smoking  history,  and 
“plant  arsenic  exposure  status  at  time  of 
hire." 

Lamm  et  al.  stratified  hi6  cadmium 
exposures  by  period  of  hire  (pre-1928, 
1926-1939,  and  1940-1969).  Within  each 
period  mean  cumulative  cadmium 
exposure  was  nearly  equal  among  cases 
and  controls  (ratio  of  exposure — cases/ 
controls — was  0.99, 1.05,  and  0.91,  for  the 
three  periods  of  hire,  respectively). 


Among  those  for  whom  smoking 
histories  were  available  (72%  of  the 
cases  and  57%  of  the  controls),  the  odds 
ratio  for  smoking  was  8.2  (p =0.046). 
Lamm  et  al.  interpreted  these  findings  as 
suggesting  “that  the  cumulative 
cadmium  exposure  *  *  *  is  not  a  major 
determinant  of  lung  cancer  within  the 
study  group." 

Lamm  et  al.  matched  for  both  age  and 
date  of  first  hire  in  their  case  control 
study.  It  seems  likely  that  date  of  hire 
could  be  significantly  correlated  with 
cadmium  exposure  in  this  analysis 
because  higher  cadmium  exposures 
would  be  expected  to  occur  in  persons 
with  earlier  periods  of  employment,  both 
because  estimated  airborne  cadmium 
levels  were  higher  in  earlier  years  and 


because  persons  employed  earlier  had 
longer  to  accumulate  exposure.  Such  a 
correlation  could  mask  any  effect  of 
cadmium  exposure  in  Lamm  et  al.’s 
analysis  because  they  only  compared 
the  exposures  of  cases  and  controls  for 
those  that  had  similar  dates  of  hire. 
Lamm  et  al.  raised  the  possibility  that 
such  "overmatching"  may  have  been  the 
reason  there  was  no  difference  in 
cadmium  exposures  between  cases  and 
controls.  They  point  out  that  a 
considerable  range  of  exposures  exist 
“in  this  study,  ranging  from  about  1  to  30 
mg/m*  for  those  hired  prior  to  1940  and 
from  about  0.3  to  17  mg/m3  for  those 
hired  subsequently."  However,  since 
each  of  the  ranges  are  determined  by  the 
exposures  of  only  two  members  of  the 
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cohort  (the  most  highly  exposed  and  the 
least  exposed  in  each  group), 
presentation  of  these  ranges  does  not 
adequately  address  the  issue  of  whether 
or  not  the  cadmium  exposure  and  age  at 
first  hire  are  highly  correlated. 

Because  of  the  potential  flaw  due  to 
“overmatching”  in  the  methodology  used 
by  Lamm  et  al.,  OSHA  does  not  accept 
the  conclusion  from  this  study  that 
“exposure  to  arsenic  and  cigarette 
particulates,  rather  than  cadmium 
exposure,  may  have  caused  the  lung 
cancer  increase  of  these  workers.” 

NIOSH  demonstrated  a  significant 
excess  of  lung  cancer  in  medium  and 
high  cadmium  exposure  groups  among 
workers  first  hired  in  1940  and  later, 
when  Lamm  et  al.  contend  arsenic 
exposures  were  lower  (Ex.  144-8c). 
Similarly,  in  Stayner  et  al.’s  analysis 
(Ex.  L-140-20)  the  magnitude  of  the 
cadmium  variable  increased  rather  than 
decreased  when  they  controlled  for  first 
employment  prior  or  subsequent  to  1940. 
Finally,  the  Thun  et  al.  analysis  of  the 
potential  impact  of  arsenic,  as  reviewed 
and  modified  by  OSHA  earlier  in  this 
section,  indicates  that  arsenic  exposures 
would  account  only  for  a  very  small 
fraction  of  the  total  lung  cancers 
observed  in  this  cohort. 

Disaggregation  of  Data  and  Use  of 
Multistage  Model 

Dr.  Thomas  Starr  commented  that 
“OSHA  should  redo  its  analysis  with  the 
individual  person-year  information 
collected  by  Thun  et  al.,”  noting  that  the 
latter  data  provided  just  three  data 
points,  and  they  are  only  very  crudely 
characterized  by  the  median  cumulative 
exposure  for  each  category”  (Ex.  38).  He 
also  recommended  that  “OSHA  should 
reanalyze  the  Thun  et  al.  (Ex.  4-68)  data 
with  the  multistage  dose-response 
approach  model  utilizing  an  approach 
similar  to  that  described  by  Crump  and 
Howe  (1984)."  The  risk  assessment  by 
Dr.  Stayner  and  his  associates  at  NIOSH 
(Exs.  L-140-20,  L-163)  incorporates  both 
of  these  recommendations.  The  Poisson 
regression  conducted  by  Stayner  et  al. 
divided  the  person-years  into  about  200 
cells,  defined  by  categorizations  on  age, 
calendar  year,  ethnicity  (Hispanic 
versus  non-Hispanic),  and  cumulative 
cadmium  dose.  The  Cox  regression 
conducted  by  Stayner  et  al.  did  not 
involve  any  grouping  of  person-years. 
Finally,  Dr.  Stayner  et  al.  did  reanalyze 
the  Thun  et  al.  data,  using  the  followup 
through  1984  rather  than  that  through 
1978  that  was  reported  in  Thun  et  al. 

(Ex.  4-68),  based  upon  the  multistage 
dose  response  approach  described  by 
Crump  and  Howe  (1984).  These  methods 
all  gave  very  similar  estimates  of  excess 
risk  (Table  VI-9),  and  are  very  similar  to 


OSHA’8  estimates  (Table  VI-12)  in  its 
final  risk  assessment  that  were  derived 
from  more  aggregated  forms  of  the  data. 

Summary  of  Cancer  Risk  Assessment 
Based  on  Both  Animal  and  Human  Data 

In  its  proposed  rule,  OSHA  assessed 
cancer  risk  from  occupational  exposure 
to  cadmium  by  applying  several 
different  risk  assessment  models  to  the 
animal  data  of  Takenaka  (Ex.  4-67) 
(results  shown  in  Tables  VI-1  and  Vl-2) 
and  by  applying  relative  and  absolute 
risk  models  to  the  data  on  followup 
through  1978  of  the  Thun  cohort  (results 
shown  in  Tables  VI-3  and  VI-4). 

Since  writing  the  proposed  rule, 
significant  new  data  have  become 
available  that  prompted  OSHA  to 
conduct  additional  risk  calculations. 
Oldiges  et  al.  (Ex.  8-694-D)  showed  that 
inhalation  exposure  to  several  types  of 
cadmium  caused  lung  tumors  in  male 
and  female  rats.  Stayner  et  al.  (Ex.  L~ 
140-20)  reported  on  additional  followup 
of  the  Thun  cohort  through  1984  and 
developed  new  estimates  of  risk  from 
this  update. 

OSHA  maintains  that  the  animal 
carcinogenicity  data  on  cadmium  is 
relatively  extensive  and  of  high  quality. 

It  shows  unequivocally  that  several 
different  forms  of  cadmium  induce  lung 
tumors  when  inhaled  by  male  or  female 
rats.  These  data  are  satisfactory  for 
establishing  estimates  of  human  risk 
according  to  toxicological  methods 
generally  employed  by  federal 
regulatory  agencies,  including  OSHA. 

OSHA  has  carefully  evaluated  the 
human  data  from  the  Thun  cohort  and 
the  likelihood  that  the  excess  lung 
tumors  were  caused  by  either  smoking 
or  arsenic.  It  concludes  that  these 
tumors  are  unlikely  to  be  explained  by 
either  of  these  factors,  but  are  more 
likely  attributable  to  cadmium.  OSHA 
also  determines  that  the  data  from  this 
study  satisfy  the  necessary  requirements 
for  obtaining  quantitative  estimates  of 
excess  risk.  OSHA  further  concludes 
that  the  human  data  on  cadmium  from 
the  Thun  cohort  are  substantially 
strengthened  and  corroborated  by  the 
animal  data.  First,  the  animal  data  show 
unequivocally  that  inhalation  of 
cadmium  can  induce  lung  tumors,  the 
same  type  of  tumors  that  are  seen  in 
excess  in  the  Thun  cohort.  Second, 
estimates  of  excess  risk  of  lung  cancer 
obtained  from  the  animal  data  and  from 
the  Thun  cohort  are  in  essential 
agreement. 

In  its  new  risk  estimates  based  on  the 
recently  developed  animal  data  (Table 
VI-6),  OSHA  utilized  three  dose- 
response  models,  all  of  which  are 
different  versions  of  the  multistage 
model  of  cancer  the  multistage  model, 


the  Armitage-Doll  multistage  model  and 
the  multistage-Weibull  model.  The 
Armitage  Doll  model  makes  more 
detailed  biological  assumptions 
regarding  the  effect  of  exposure  and  will 
always  predict  a  linear  response.  The 
multistage  and  multistage-Weibull 
models  are  flexible  dose  response 
models  that  can  assume  a  variety  of 
curve  shapes,  both  linear  and  non¬ 
linear.  However,  upper  confidence  limits 
calculated  from  these  models  will  be 
linear.  Furthermore,  when  applied  to 
data  with  only  two  dose  groups  (a 
treated  group  and  a  group  of  control 
animals),  the  multistage  and  multistage- 
Weibull  models  become  linear  by 
default,  because  there  is  not  enough 
information  from  only  two  doses  to 
estimate  the  shape  of  the  dose  response. 
The  multistage  model  is  applied  to  the 
quantal  data  specifying  whether  an 
animal  had  a  lung  tumor  response,  and 
the  Armitage-Doll  and  multistage- 
Weibull  model  also  utilized  the  time  at 
which  the  response  was  observed. 

Regarding  the  cancer  risk  assessment 
models  applied  to  epidemiological  data, 
OSHA  has  reviewed  the  new  risk 
assessment  by  Stayner  et  al.  based  on 
the  updated  followup  through  1984  of  the 
Thun  cohort,  and  has  also  updated  its 
own  risk  assessment  utilizing  this  new 
information.  Stayner  et  al.  employed 
three  dose  response  models:  the  power 
model,  the  exponential  model,  and  the 
additive  relative  rate  model.  Although 
all  three  of  these  models  are  linear  at 
the  very  lowest  cadmium  exposures, 
they  have  different  amounts  of  non¬ 
linearity  at  higher  doses,  with  the  power 
model  being  the  most  nonlinear  and  the 
additive  relative  rate  model  being 
essentially  linear.  Although  the  power 
model  gave  the  best  fit  to  the  data,  this 
model  predicted  unrealistically  low 
rates  of  lung  cancer  in  unexposed 
subjects  and  consequently  was 
discounted  by  Stayner  et  al.  [This  model 
would  also  predict  much  higher  lung 
cancer  risks  than  the  other  two  models 
at  exposures  in  the  range  OSHA  is 
considering  regulating  (1  p.g/m3-100  p,g/ 
m3).]  Between  the  two  remaining 
models,  the  additive  relative  rate  model 
fit  the  data  slightly  better  than  the 
exponential  model  and  was  selected  by 
Stayner  et  al.  as  the  best  model  of  the 
three  for  risk  assessment.  OSHA 
believes  that  this  is  a  reasonable 
scientific  conclusion  from  the  results  of 
the  Stayner  et  al.  analysis. 

Dr.  Stayner  (Ex.  L-163)  also  reported 
on  results  from  applying  the  multistage 
model  to  the  updated  Thun  cohort. 
Application  of  this  model  to  the  Thun 
cohort  had  been  recommended  by  Dr. 
Starr  (Ex.  38).  This  model  assumes  that 
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lung  carcinogenesis  is  a  five-stage 
process.  Dr.  Stayner  estimated  that 
cadmium  affects  the  third  stage  in  this 
process. 

Dr.  Starr  also  criticized  OSHA’s  use  of 
“purely  linear  models  of  absolute  and 
relative  risk."  He  stated  that  ‘Today,  it 
is  nearly  universally  accepted  that  the 
process  of  carcinogenesis,  and  chemical 
carcinogenesis  in  particular,  is 
multistage  in  character  with  numerous 
distinct  events  required  for  the 
conversion  of  normal  cells  to  malignant 
ones.  Thus,  the  use  of  the  one-hit  model 
(or  linear  models  derivable  from  it)  for 
low-dose  purposes  are  wholly 
inadequate.” 

OSHA  agrees  that  there  is  good 
scientific  evidence  that  carcinogenesis  is 
generally  a  multistage  process. 

However,  OSHA  disagrees  with  Dr. 
Starr's  conclusion  that  a  multistage 
process  is  incompatible  with  a  linear 
dose  response.  It  is  plausible  that  a 
carcinogen  affects  a  multistage  process 
by  increasing  the  rates  at  which  the 
different  stages  occur  by  an  amount  that 
is  proportional  to  the  amount  of  the 
ultimate  carcinogen  present.  If  this  is  the 
case,  then  the  dose  response  shape  is  ^ 
determined  mainly  by  two  factors:  the 
number  of  stages  affected  by  the 
carcinogen  (not  the  total  number  of 
stages  as  implied  by  Dr.  Starr),  and  the 
interaction  of  the  carcinogen  wiih 
background  carcinogenesis,  if  the 
carcinogen  acts  on  a  single  stage,  then 
the  dose  response  will  be  linear.  Even  if 
the  carcinogen  affects  multiple  stages,  if 
its  effect  is  to  increase  the  background 
rate  at  which  these  stages  occur,  then 
the  process  can  still  generate  essentially 
a  linear  dose  response  (Crump,  1985). 

Dr.  Stayner’s  application  of  the 
multistage  model  to  the  data  from  the 
Tnun  cohort  provides  direct  evidence 
that  the  multistage  model  is  compatible 
with  a  linear  dose  response.  He  applied 
a  multistage  model  assuming  five  stages 
and  one  of  the  stages  was  affected  by 
cadmium.  The  excess  risks  he  estimated 
from  this  model  were  intermediate 
between  those  he  obtained  with  two 
versions  of  the  relative  rate  model, 
which  is  a  linear  model  (Table  VI-9). 

In  its  updated  risk  assessment  based 
on  followup  through  1984  of  the  Thun 
cohort,  OSHA  applied  a  linear  version 
of  the  relative  risk  model.  OSHA 
determined  using  a  goodness-Df-fit  test 
(Table  VI-11)  that  this  lineaT  model  was 
completely  compatible  with  the  dose 
response  data  from  this  cohort. 

Three  of  the  ten  animal  data  sets 
analyzed  by  OSHA  using  the  multistage 
model  (Table  VI-6),  and  seven  of  the 
nine  animal  data  sets  analyzed  using  the 
multistage-Weibull  model  involved 
three  or  more  treatment  groups  and 


therefore  provided  information  on  the 
shape  of  the  dose  response  curve.  In 
none  of  these  ten  model  fits  did  a  non¬ 
linear  version  of  the  model  fit 
significantly  better  than  a  linear  model. 
(Most  significant  of  the  ten  p-values  for 
a  test  of  departure  from  linearity  was 
p=0.17.)  In  all  but  two  of  these  ten 
cases,  the  best-fitting  model  was  linear. 
[Even  if  the  true  dose  response  is  linear, 
the  probability  is  only  one-half  that  the 
best  fitting  model  to  a  data  set  will  be 
linear  (Crump  et  al.,  1977).]  Moreover, 
the  Armitage-Doll  model,  which  is  a 
linear  model,  provided  an  adequate  fit 
to  all  seven  data  sets  in  which  there 
were  three  or  more  treatment  groups, 
based  on  a  standard  chi-square 
goodness  of  fit  test. 

OSHA  concludes  that  a  linear  dose 
response  model  is  compatible  with  both 
the  animal  and  human  data  on  lung 
cancer  m  cadmium-exposed  cohorts, 
and  that  it  is  also  compatible  with 
multistage  mechanisms  of 
carcinogenesis. 

OSHA  believes  that  the  theoretical 
understanding  of  cancer  is  not  sufficient 
to  unequivocally  establish  a  single  dose 
response  function  for  cadmium-induced 
lung  cancer.  In  view  of  this  uncertainty, 
the  fact  that  linear  models  are 
compatible  with  both  the  current 
theoretical  understanding  of  cancer  and 
the  animal  and  human  data  on 
cadmium,  and  the  fact  that 
inappropriate  application  cf  a  non-linear 
model  could  seriously  underestimate 
human  risk,  OSHA  maintains  that  in 
order  to  be  compatible  with  current 
scientific  understanding  of 
carcinogenesis  and  cadmium  dose 
response  data,  and  to  satisfy  its 
mandate  to  protect  worker  health, 

OSHA  should  give  particular 
consideration  to  estimates  of  cancer  risk 
obtained  from  linear  models. 

Among  the  various  linear  models 
applied  to  either  the  animal  and  human 
data,  OSHA  is  unable  to  select  a  single 
one  as  being  most  appropriate. 

However,  OSHA  does  not  believe  that 
this  is  a  serious  problem  because  the 
different  linear  models  generally 
provided  similar  estimates  of  risk  when 
applied  to  the  same  data. 

All  of  the  risk  estimates  derived  from 
the  Thun  cohort  (Tables  VI-9  and  VI-12) 
are  based  upon  linear  models.  All  of  the 
risk  estimates  derived  from  animal  data 
(Table  VI-6)  are  based  upon  linear  dose 
responses  except  the  fits  of  the 
multistage-Weibull  model  to  the  Oldiges 
et  al.  data  on  male  rats  exposed  to 
CdCl2  or  to  CdO  fume. 

Comparing  the  estimates  of  excess 
risk  of  lung  cancer  made  from  animal 
data  (Table  VI-6)  with  those  made  from 
human  data,  OSHA  finds  that  they  are 


in  essential  agreement  Estimates  based 
upon  human  data  of  the  excess  risk  from 
lung  cancer  from  45  years  of  exposure  at 
a  TWA  of  5  pg/m*  range  from  three 
excess  deaths  per  1000  workers  to  nine 
excess  deaths  per  1000  workers  (Tables 
VI-9  and  Vl-12).  The  corresponding 
ranges  in  excess  risk  made  from  the 
three  models  applied  to  animal  data  are 
as  follows:  multistage  model.  0.061-28 
excess  deaths:  Armitage-Doll  model, 
3.3-38  excess  deaths:  multistage-Weibull 
model,  0.095-35  excess  deaths.  The 
corresponding  ranges  for  numbers  of 
excess  deaths  estimated  per  1000 
workers  from  45  years  of  exposure  to  a 
TWA  of  100  pg/m3  are  as  follows: 

Human  data,  Thun  cohort.  58-157  excess 
deaths:  animal  data,  multistage  model, 
24-433  excess  deaths,  animal  data. 
Armitage-doll  model,  6.8-726  excess 
deaths,  animal  data,  multistage  Weibull 
model,  37-512  excess  deaths.  Although 
estimates  made  from  animal  data  tend 
to  be  somewhat  higher  than  those  made 
from  human  data,  the  ranges  of  risk 
obtained  from  each  of  the  three  models 
applied  to  animal  data  overlap  the  range 
obtained  from  the  human  data.  The 
excess  risks  from  exposure  to  CdO-fume 
estimated  using  animal  data  are 
somewhat  smaller  than  the  risks 
estimated  from  the  other  forms  of 
cadmium;  Dr.  Oberdbrster  hypothesized 
that  this  could  be  attributed  to  a  lower 
uptake  by  the  lung  of  the  inhaled  fume 
(ELx.  141).  The  ranges  of  risks  from  the 
animal  data  are  much  narrower  if  the 
CdO  data  are  omitted.  However,  the 
resulting  ranges  still  overlap  the 
estimates  obtained  from  the  human 
data. 

It  may  be  that  the  estimates  obtained 
from  human  data  are  somewhat  more 
reliable  than  those  obtained  from  the 
animal  data  because  the  former  do  not 
involve  the  uncertainty  of  cross-species 
extrapolation.  However,  the  similarity  of 
results  from  animal  and  human  studies 
serves  to  strengthen  OSHA  confidence 
in  estimates  obtained  from  both  types  of 
data. 

Based  on  human  data,  OSHA's 
preferred  estimates  of  the  excess  lung 
cancer  risk  from  45  years  of 
occupational  exposure  to  cadmium  are 
58  to  157  excess  deaths  per  1000  workers 
from  exposure  to  a  TWA  of  100  pg/ms 
and  three  to  nine  excess  deaths  per  1000 
workers  from  exposure  to  a  TWA  of  5 
pg/ms.  OHSA  notes  that  estimates  of 
excess  deaths  exceed  one  death  per 
thousand  workers  even  at  a  TWA 
exposure  of  5  pg/m*. 
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Risk  Assessment  for  Kidney 
Dysfunction 

In  its  proposed  rule,  OSHA  quantified 
the  risk  of  kidney  dysfunction  due  to 
cadmium  exposure  using  the  study  by 
Falck  et  al.  (Ex.  4-28)  of  workers  at  a 
refrigeration  compressor  production 
plant  and  the  study  by  Ellis  et  al.  (Ex.  4- 
27)  of  workers  at  the  cadmium  smelter  in 
Colorado.  OSHA  has  since  identified 
four  additional  studies  that  contain 
useful  quantitative  information  on 
kidney  effects  from  cadmium  exposure. 
These  are:  (1)  the  study  by  Elinder  et  al. 


(Ex.  L-140-45)  of  a  cohort  of  60  workers 
who  had  previously  been  exposed  to 
cadmium  through  welder  fume  and  dust 
associated  with  the  use  of  cadmium 
soldiers;  (2)  the  study  by  Jarup  et  al.  (Ex. 
8-661)  of  440  workers  exposed  to 
cadmium  at  a  Swedish  battery  plant;  (3) 
the  study  by  Mason  et  al.  (Ex.  8-669)  of 
75  workers  exposed  to  copper-cadmium 
alloy  in  a  factory  in  the  United  Kingdom; 
(4)  the  study  by  Thun  et  al.  (Ex.  19-43B), 
which  is  based  on  the  same  population 
of  smelter  workers  studied  earlier  by 
Ellis  et  al.  However,  the  data  reported 
by  Thun  et  al.  (Ex.  19-43B)  are  not  in  a 


form  that  is  suitable  for  quantitative 
modelling  and  consequently  data  from 
this  study  were  not  modelled  by  OSHA. 

Table  VI-15  summarizes  some 
essential  features  of  these  studies.  Many 
differences  are  noted  in  these  studies, 
including  size  of  study;  type  of  cadmium; 
type,  extent  and  quality  of  exposure 
data;  type  of  urine  sample;  control  of 
samples  for  pH;  and  definition  of  kidney 
dysfunction.  Each  of  these  differences 
could  result  in  differences  in 
quantitative  estimates  obtained  from 
these  studies. 


Table  VI-15.— Features  of  Cadmium  Studies  of  Kidney  Effect 


Exposure  site . 


Type  o<  exposure. 

Number  exposed.. 
Non-cadmium 
controls 

Matching . . 

Sample  type . 

pH . 


Freezing  of  samples.. 
Effect  definition . 


Exposure 


Falck  (Ex.  4-28) 

Ellis  (Ex.  4-27) 

Elinder  (Ex.  L-140- 
45) 

Mason  (Ex.  8-669A) 

Jarup  (Ex.  8-661) 

(Michigan)  Silver 

Smetter  in  Colorado.... 

Swedish  factory . 

U.K.  copper- 

Swedish  battery 

hazing  wire  in 

cadmium  alloy 

factory. 

refrigerator 

factory. 

compressors. 

dust 

33 . 

8? 

60 

75 . 

440 . 

41 . 

75 . 

No . 

3-hr..".....“ . 

Recorded . 

No  control . 

bicarbonate). 

Yes . 

02 >  629  ng/ creatinin.. 

02>2OG  ng/g  c.  or 

02  >  300  jxg/g 

RBP  >89.9  fxg/g 

02>31O  fig/g 

total  protein  >250 

creatinin. 

creatinin. 

creatinin. 

mg/g  creatinin. 

data  not  stated 

1983;  858  samples 

1978;  6  area  and 

1983;  482  samples 

collected  since 

(possibly  1961); 

for  years  1955- 

27  personal 

(one-half  area 

1947. 

automatic  line 

1976;  187  samples 

measurements  in 

samples)  for  years 

opened  in  1968; 

for  years  1943- 

1976;  17  more  in 

1964-1983;  area 

air  sampled  since 

1954  not  used 

1976-1977  after 

samples  adjusted 

1961  by  Michigan 

(different 

improvements; 

upward  by  20%; 

D.I.H.;  81  total 

measurement 

individual  exposure 

exposures 

samples,  no  time 

techniques);  area 

assigned  by  a 

estimated  for  years 

trends  for  either 

sampling  data 

group  of  four. 

1926-1963. 

line;  arithmetic 

adjusted  to 

average  of  all 

represent  personal 

samples  from  each 

exposures  using 

line  used  to 

ratio  (2:6)  based 

calculate  time- 

on  1973-1976 

weighted 

data. 

exposures. 

Thun  et  al.  (Ex.  19- 
43B) 


Smelter  in  Colorado. 


Dust,  fume. 

45. 

32. 

No. 

Spot. 

No  control. 

No  mention. 

02  >486  ng/g 
creatinin. 

Same  as  used  by 
Ellis  et  at.  except 
updated  to  cover 
1979-1985. 


In  each  of  these  studies,  data  were 
obtained  on  the  cumulative  cadmium 
exposure  of  each  subject  and  on  the 
concentration  of  a  small  molecular 
weight  protein  in  urine  [/32- 
microglobulin  or  retinol  binding  protein 
(RBP)],  an  excess  of  which  is  considered 
evidence  of  kidney  dysfunction.  Data  on 
the  protein  levels  in  urine  were 
available  in  two  distinct  forms.  First,  in 
each  of  the  published  reports  of  these 
studies,  a  cutoff  level  was  specified  that 
defined  the  boundary  between  normal 
individuals  and  those  with  proteinuria. 
The  information  available  in  these 
published  reports  was  in  terms  of  the 
“zero-one”  variable  that  specified 


whether  or  not  measured  protein  levels 
in  a  subject  exceeded  (coded  as  "one”) 
or  did  not  exceed  (coded  as  "zero”)  the 
cutoff  level.  Such  data  are  called 
quanta!  data.  Second,  the  unpublished 
concentrations  of  marker  proteins  in 
urine  from  the  Mason  et  al.  study  were 
made  available  to  OSHA  by  Mr.  Mason 
(Ex.  12-45).  These  type  of  data  are 
called  continuous  data.  Different  types 
of  statistical  models  are  required  for 
these  two  types  of  data. 

The  Office  of  Budget  and  Management 
(OMB)  (Ex.  17-D)  questioned  OSHA’s 
use  of  quantal  data  from  the  Falck  et  al. 
and  Ellis  et  al.  studies  for  risk  modelling 
in  the  Proposed  Rule.  In  both  of  these 


studies,  data  were  only  available  in 
quantal  form  as  presented  in  the 
published  papers.  Thus,  OSHA  had  no 
choice  over  either  whether  to  use 
quantal  data  in  its  modelling  or  the 
cutoff  used  to  define  kidney  dysfunction 
in  these  studies.  In  the  risk  modelling  to 
be  presented  below,  OSHA  reanalyzes 
the  quantal  data  from  the  Falck  et  al. 
and  Ellis  et  al.  studies,  and  also 
analyzes  data  from  the  studies  by 
Elinder  et  al.,  Jarup  et  al.  and  Mason  et 
al.  In  all  of  these  studies  except  Mason 
et  al..  data  were  available  only  in  a 
quantal  form  derived  from  a  cutoff 
selected  by  the  original  authors  for 
defining  kidney  dysfunction.  However. 
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since  OSHA  had  access  to  the 
unpublished  continuous  data  from  the 
Mason  et  al.  study,  OSHA  was  able  to 
explore  the  effect  of  different  cutoffs  for 
kidney  dysfunction  upon  the  analysis. 
(Such  an  analysis  was  suggested  by 
OMB,  Ex.  17-D).  OSHA  also  applied 
models  appropriate  for  continuous  data 
to  the  continuous  data  of  Mason  et  al. 

Risk  Assessment  Based  Upon  Quantal 
Data 

In  the  proposed  rule,  OSHA  presented 
quantitative  estimates  based  on  the 
logistic  model,  which  can  be  expressed 
as 

Ln{P(X)/  [1 — P(X)J} = a  +  r  *  Lti(X) 
or,  equivalently, 

P(X)=ea  ‘  XT/(1  +  ea  *  X') 
where 

Ln  indicates  the  natural  logarithm, 

X  is  cumulative  occupational  exposure  in  fig- 
years /m3, 

P(X)  is  the  probability  of  kidney  dysfunction 
in  a  person  with  a  cumulative  cadmium 
exposure  of  X,  and 

a  and  r  are  regression  parameters  estimated 
from  the  data.® 

This  logistic  regression  model  is 
widely  used  to  model  quantal  responses 
(in  this  case  0  =  normal  kidney  function 
and  1  =  abnormal  kidney  function)  as  a 
function  of  one  or  more  explanatory 
variables  (in  this  case  cumulative 
exposure  to  cadmium).  When  used  to 
define  a  dose  response,  as  in  the  present 
situation,  it  provides  a  flexible  model 
that  is  able  to  accommodate  a  wide 
range  of  dose  response  shapes  ranging 
from  threshold-like  (when  the  parameter 
r  is  large)  to  a  shape  that  is  linear  (r  = 

1)  or  even  supralinear  (r  <  1)  at  low 
doses. 

The  model  as  formulated  above 
cannot  accommodate  any  level  of 
kidney  dysfunction  in  persons  without 
cadmium  exposure  (since  the  model 
definition  implies  the  restriction  P(0)  s 
0].  However,  kidney  dysfunction  is  not 
restricted  to  persons  with  prior  cadmium 
exposure.  (In  several  studies  the  cutoff 
used  to  define  proteinuria  was  either  an 
upper  quantile,  or  a  statistical  upper 
confidence  limit,  on  the  level  of  the 
marker  protein  in  unexposed  subjects, 
which  implies  that  a  quantifiable 
number  of  unexposed  subjects  would 
have  urinary  levels  above  the  cutoff; 

3  In  the  proposed  rule,  0  was  used  in  place  of  r  in 
thed  logistic  regression  model.  However,  both  the 
proposed  rule  and  the  present  document  also  used  0 
as  a  potency  parameter  in  the  cancr  models  (i.e..  0 
multiples  cumulative  cadmium  dose,  X.  in  the 
cancer  models)  whereas  the  parameter  designated 
as  0  in  the  logistic  regression  model  in  the  proposed 
rule  is  a  shape  parameter  (i.e.,  cumulative  dose,  X 
is  raised  to  the  power  0).  To  avoid  confusion,  the 
symbol  for  this  shape  parameter  has  been  chaned  to 
r. 


e.g.,  Mason  et  al,  defined  their  cutoff  as 
the  95%  upper  quantile  on  the  level  of 
retinol  binding  protein  in  unexposed 
subjects;  consequently,  by  definition,  a 
background  approaching  5%  would  be 
expected.) 

The  need  for  incorporating 
background  response  in  the  model  was 
noted  by  several  commenters.  Dr.  Starr 
pointed  out  this  problem  in  his  oral 
testimony,  noting  that  “some  adjustment 
must  be  made  in  the  analysis  procedure 
to  account  for  that  background  response 
rate,  which  is  not  attributable  to 
cadmium  exposure”  (Tr.  0/8/90). 
ENVIRON  Corp.  (Ex.  19-43G)  indicated 
that,  because  of  this  (unexposed 
workers  identified  as  having  kidney 
disease),  OSHA  should  use  an 
independent  background  parameter  that 
properly  accounts  for  this  false  positive 
response  rate.  Mr.  Edwin  Seeger, 
representing  the  Cadmium  Council, 
pointed  out  that  (Ex.  19-43)  the  Council 
believes  that  OSHA’s  renal  dysfunction 
risk  estimate  is  biased  high  at  low  dose 
levels  because  it  does  not  take  account 
of  the  “normal  incidence  of  elevated  /32- 
microglobulin  levels  in  the  worker 
population  even  in  the  absence  of 
cadmium  exposure.” 

OSHA  has  therefore  modified  the 
logistic  model  in  this  revised 
quantitative  risk  assessment  to  include  a 
background  term.  The  modified  model  is 

P(X)=(8  -|-  e°*  X'/(l  +  “*  XT). 

where  8  is  the  probability  of  kidney 
dysfunction  among  persons  not  exposed 
to  cadmium  (8  =  P(0)).  Thus,  this 
revised  model  is  able  to  accommodate 
kidney  dysfunction  in  persons 
unexposed  to  cadmium  by  estimating  a 
positive  value  for  8. 

This  model  has  been  applied  to 
quantal  data  from  five  of  the  six  of  the 
studies  described  above.  The  Thun  et  al. 
study  was  excluded  because  the  data 
were  not  reported  in  a  form  that  is 
amenable  to  this  type  of  analysis.  The 
model  was  fit  to  the  data  from  Elinder  et 
al.  (Elinder  et  al.  Table  II)  and  Jarup  et 
al.  (Jarup  et  al.  Table  1),  in  which  the 
subjects  in  the  study  were  grouped 
according  to  their  cumulative  cadmium 
exposure.  These  data  sets  are  listed  in 
Table  VI-16.  Data  for  the  Ellis  et  al. 
study  used  in  the  analysis  were  read 
from  Figure  3  of  the  Ellis  et  al.  study  (Ex. 
4-27)  by  OSHA  and  also  an  OSHA 
contractor  (Ex.  16-B).  Both  data  sets 
were  analyzed  and  similar  results  were 
obtained.  Results  obtained  from  the 
OSHA  reading  are  reported  on  herein 
(Ex.  4-27-A). 


Table  VI-16.— Kidney  Dysfunction 
Versus  Cumulative  Cadmium  Expo¬ 
sure  from  Jarup  et  al.  (1988)  and 
Eunder  et  al.  (1985) 


Cumulative  cadmium  exposure  (jig- 
years/m^ 

Number 
with  kidney 

Range 

Midvalue 

number 

examined 

Jarupetal.  (1986)* 

<  359 . . . 

131 

3/264 

359-<1710 . 

691 

7/76 

1710-<4578 . . 

3460 

10/43 

4578- <9458 . . . 

6581 

10/31 

9458- <15,000 . 

12,156 

5/16 

15,000+ . 

21,431 

5/10 

Elinder  et  aL  (1985) b 

<1000 . 

500 

3/16 

1000-<2000 . 

1500 

7/22 

2000- <3000 . 

2500 

4/9 

3000- <5000 . 

4000 

5/8 

5000+ . . 

7500 

5/5 

*  Definition  of  kidney  dysfunction:  /S2-microglobulin 
>310  fiQ/q  creabnin. 

b  Definition  of  kidney  dysfunction:  /Jr-microglobulin 
>  300  fiq/g  creabnin. 

Data  from  the  Falck  et  al.  (Ex.  4-28) 
study  came  from  Table  III  of  that  paper. 
Falck  et  al.  omitted  three  subjects,  all  of 
whom  had  elevated  /32-microglobulin  in 
their  spot  kidney  sample,  from  their 
statistical  analysis  because  one  (#14) 
was  a  controlled  diabetic,  one  (#30)  had 
a  history  of  kidney  infection,  and  one 
(#32)  was  hypertensive.  OSHA, 
however,  considers  that  it  may  not  be 
appropriate  to  eliminate  these  subjects 
when  estimating  the  effect  of  cadmium 
exposure  in  the  general  population 
because  of  the  following  statistical/ 
study  design  concerns  and  biological 
reasons:  (1)  it  is  not  clear  from  Falck  et 
al.  (Ex.  4-28)  that  the  same  exclusion 
rules  were  applied  to  subjects  exposed 
to  cadmium  who  had  negative  spot 
samples;  (2)  it  is  not  clear  from  the 
report  that  the  exclusion  rules  were 
applied  to  the  controls;  (3)  these 
conditions  also  may  occur  among 
persons  with  occupational  exposure  to 
cadmium  and  these  persons  need  to  be 
protected  from  the  adverse  kidney 
effects  of  cadmium  as  well.  OSHA 
therefore  applied  the  modified  logistic 
model  to  the  complete  data  set  of  Falck 
et  al.  (N=33)  as  well  as  to  the  reduced 
data  set  obtained  by  omitting  subjects 
#14,  #30,  and  #32.  OSHA  also  made  a 
third  analysis  of  the  complete  data  set  in 
which  subject  #4  (who  had  an  elevated 
spot  urine  sample  that  was  not 
confirmed  by  the  24-hour  sample)  was 
considered  to  be  affected.  OSHA  notes 
that  there  are  large  differences  between 
the  /32-microglobulin  levels  measured  in 
spot  samples  and  in  24-hour  samples; 
/3t-microglobulin  levels  in  the  24-hour 
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samples  are  up  to  200  times  smaller  than 
the  levels  in  the  spot  samples.  These 
differences  are  not  explained  by  Falck 
et  al.  and  no  mention  is  made  of 
controlling  or  testing  for  pH  in  the  24- 
hour  samples.  Thus,  OSHA  is  of  the 
opinion  that  the  data  from  this  study  are 
less  reliable  for  quantitative  analysis  as 
compared  to  the  data  from  the 
remaining  studies. 

Mason  et  al.  used  elevated  levels  of 
RBP  to  define  cadmium  workers  who 
were  considered  to  have  cadmium 
proteinuria.  RBP  was  used  instead  of  /fe- 
microglobulin  because  RBP  appears  to 
be  less  sensitive  to  urine  pH  than  /32- 
microglobulin,  and  because  pH 
apparently  was  not  adjusted  or 
controlled  in  the  Mason  et  al.  study. 
However,  since  OSHA  intends  to  base 
its  regulations  on  urinary  /82- 
microglobulin  levels,  it  was  necessary 
for  OSHA  to  relate  the  RBP  levels  in  the 
Mason  et  al.  study  to  corresponding 
levels  of  /32-microglobulin,  after 
adjusting  for  pH. 

A  regression  of  the  logarithm  of  RBP 
level  on  the  logarithm  of  urinary  /32- 
microglobulin  concentration,  restricted 
to  the  114  samples  for  which  the  urine 
pH  was  5.5  or  greater,  revealed  a  highly 
significant  relationship  (p  <  0.0001)  that 
explained  a  large  proportion  of  the 
variation  in  the  data  (R2  =  0.84).  When 
the  same  analysis  was  performed  on  the 
60  samples  for  which  the  pH  was  less 
than  5.5,  although  a  highly  significant 
relationship  was  also  obtained  (p  < 
0.0001),  the  R2  was  considerably  smaller 
(R2  =  0.27).  OSHA  concluded  from  this 
analysis  that  these  data  indicate  that 
there  is  a  relationship  between  RBP 
levels  and  /32-microglobulin  levels  in 
urine  samples  in  which  the  pH  is  5.5  or 
greater  that  can  be  used  to  relate  the 
level  of  300  pg/g  creatinine,  or, 
equivalently,  33.8  p-g/mmole  creatinine, 
of  /32-microglobulin  (used  by  OSHA  to 
define  proteinuria)  to  a  corresponding 
level  of  RBP.  The  regression  equation 
obtained,  based  on  samples  with  pH  of 
5.5  or  higher,  was 
Ln(R)  =  0.032  +  0.88  *  Ln(B2), 


where  R  and  B2  represent  levels  of  RBP 
and  /32-microglobulin,  respectively,  in 
urine  measured  in  units  of  /xg/g 
creatinine.  This  equation  indicates  that 
an  RBP  level  of  156  pg/g  creatinine 
corresponds  to  a  /32-microglobulin  level 
of  300  /xg/g  creatinine.  Based  on  this 
cutoff,  15%  of  Mason  et  al.’s  matched 
referents  (11/72)  would  be  defined  as 
having  proteinuria.  On  the  other  hand, 
Mason  et  al.  indicate  that  they  used  the 
upper  95th  percentile  for  urinary  RBP 
calculated  from  their  matched  referent 
population  to  define  cadmium  workers 
who  were  considered  to  have 
proteinuria.  Although  Mason  et  al.  do 
not  specify  this  95th  percentile,  based  on 
the  raw  data  from  this  study,  OSHA  has 
calculated  this  percentile  as  338  /ig  of 
RBP  per  gram  creatinine.  OSHA  has 
conducted  analyses  of  the  Mason  et  al. 
data  using  both  of  these  cutoff  levels, 
that  is,  considering  subjects  with  urinary 
levels  of  RBP  in  excess  of  either  156  jig/ 
g  creatinine  (Mason  1)  or  338  fig/g 
creatinine  (Mason  2)  as  having 
proteinuria. 

Since  there  are  questions  regarding 
whether  supralinear  dose  responses  are 
reasonable  for  biological  responses  (see, 
e.g.,  Crump,  1985),  whenever  a  t<1  was 
estimated,  the  model  was  refit  with  r 
fixed  and  equal  to  one.  This  occurred 
only  with  the  data  from  the  Jarup  et  al. 
study. 

OSHA  made  a  total  of  nine  fits  of  the 
logistic  model,  modified  to  incorporate 
background  response,  to  quantal  data 
from  five  studies:  the  Elinder  data;  the 
Ellis  data;  three  versions  of  the  Falck 
data  that  involved  minor  changes  in 
cohort  definition  and  designation  of 
subjects  with  proteinuria;  two  fits  to  the 
Jarup  data,  one  with  t<1  (Jarup  1),  and 
one  with  r  =  1  (Jarup  2);  and  two 
versions  of  the  Mason  data  using 
different  cutoffs  for  defining  subjects 
with  proteinuria.  The  model  was  fit  to 
data  from  the  Elinder  et  al.  and  Jarup  et 
al.  studies  that  had  been  grouped  by  the 
authors  into  five  and  six  exposure 
groups,  respectively  (Table  VI-16).  In 
the  remaining  studies  the  model  was  fit 


to  the  ungrouped  data. 

Table  VI-17.— Summary  of  Fit  of 
Modified  Logistic  Model  to  Data  on 
Kidney  Dysfunction 

I  Parameter  estimate 


Data  set 

8 

a 

r 

Elinder - 

0.215 

-23.74 

2.92 

Ellis . 

0.040 

-11.1 

1.60 

Falck: 

1* _ 

0.0663 

-37.6 

5.19 

2* . . . 

0.139 

-55.8 

7.64 

3* . . 

0.0748 

-56.4 

7.93 

Jarup: 

I4 . 

0.0 

-8.0 

0.81 

2* . 

0.0054 

-9.6 

1.0 

Mason  1‘ . 

0.17 

-26.1 

3.7 

Mason  2* . 

0.062 

-18.6 

2.51 

•  Includes  all  33  subjects. 

b  Considers  subject  number  4  to  have  kidney  dys¬ 
function. 

•  Omits  subjects  14,  30,  32. 

4  r  unrestricted. 

•Restriction  Imposed  of  t=1. 

'  Kidney  dysfunction  defined  as  RBP  £  18  ^^mo^es/ 
mg  creatinine. 

•  Kidney  dysfunction  defined  as  RBP  ^  38  moles/ 
mg  creatinine. 

Table  VI-17  records  the  estimates  of 
the  parameters  8,  a,  and  r  of  the  logistic 
model  for  each  of  the  nine  fits  to  the  five 
data  sets,  and  Table  VI-18  records  the 
results  of  chi-square  goodness-of-fit 
tests  applied  to  each  of  the  fits  except 
those  based  on  the  Falck  et  al.  data. 
(There  were  not  enough  affected 
subjects  in  this  study  to  provide  a  valid 
goodness-of-fit  test.)  Although  the 
logistic  model  was  fit  to  the  ungrouped 
data  from  Mason  et  al.  and  Ellis  et  al., 
the  data  were  subsequently  grouped  into 
exposure  groups  as  shown  in  Table  VI- 
18  to  obtain  large  enough  expected 
numbers  of  affected  subjects  in  each 
group  to  yield  a  valid  goodness-of-fit 
test.  As  indicated  by  Table  18,  the 
modified  logistic  model  provided  a  good 
fit  to  each  of  the  data  sets.  This 
indicates  that  there  is  no  statistical 
evidence  in  these  studies  that  the 
modified  logistic  regression  model  is  not 
an  appropriate  model  for  modelling 
kidney  dysfunction  as  a  result  of 
cadmium  exposure. 


Table  VI-18.— Fit  of  Logistic  Model  to  Data  on  Kidney  Proteinurea  • 


Cadmium  exposure  range  (jig-year/rrO 


Elinder  (Ex.  L-1 40(45): 

0-1000 _ 

1000-2000 _ 

2000-3000 _ 

3000-5000 _ 

5000+ _ 

Ellis  (Ex.  4-27): 

5-800  _ 

820-1567 


Number  of 

Number  of  cases 

su  ejects 

Observed 

Expected 

16 

3 

3.5 

22 

7 

6.2 

9 

4 

4.0 

8 

5 

5.6 

5 

5 

4.7 

Chi-square 
(cW)  * 
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Table  VI-18.— Fit  of  Logistic  Model  to  Data  on  Kidney  Proteinurea  •— Continued 


Chi-square 

«*)* 

Lack  of  fit 
p-value 

12  (3) 

0.76  (NS) 

2-5(3) 

0.48  (NS) 

4.9  (4) 

0.30  (NS) 

0.66  (2) 

0.65  (NS) 

0.15  (2) 

0.93  (NS) 

*  df= degrees  of  freedom. 

■  Fitting  was  based  on  ungrouped  data  for  Mason  1,  Mason  2,  and  Ellis. 
b  p  unrestricted. 

*  Restriction  imposed  of  >3=1. 

4  Kidney  dysfunction  defined  as  RBP^  18  pmoles/mg  creatinine. 

*  Kidney  dysfunction  defined  as  RBP^38  pmoles/mg  creatinine. 


Table  VI-19  provides  estimates  of  the 
numbers  of  cases  of  proteinuria  per  1000 
workers  exposed  for  a  45-year  working 
lifetime  at  various  8-hour  TWA 
exposures.  Estimates  in  this  table  are 
based  on  extra  risk  {P(X) — P(0)/ 

[1— P(0)]},  and  confidence  intervals 


were  computed  by  the  likelihood 
method.  The  results  in  Table  VI-19  from 
the  Ellis  data  and  the  Falck  data  differ 
from  those  contained  in  the  proposed 
rule.  The  principle  reason  for  this  is  that, 
unlike  the  model  used  to  obtain  the 
results  in  Table  VI-18,  the  version  of  the 


logistic  model  used  in  the  proposed  rule 
did  not  allow  for  background  response. 
OSHA  considers  the  modified  logistic 
model  that  incorporates  background 
response  to  be  more  appropriate. 


Table  VI-19.— Estimate  of  Kidney  Proteinurea  per  1000  Workers  With  45  Years  of  Occupational  Exposure  to 

Cadmium  Derived  from  Modified  Logistic  Model 


8-Hour  TWA 
exposure  (pg/rrO 

Elinder  (Ex.  L- 
140(45)) 

Ellis  (Ex.  4-27) 

Falck  1  *  (Ex.  4- 
28) 

Jarup  1  b  (Ex.  8- 
661) 

Jarup  2  *  (Ex.  8- 
661) 

Mason  1  4  (Ex  8- 
669A) 

Mason  2  •  (Ex  8- 
669A) 

1 . . . 

3.3E-3  (0.  21)' 

8.7  (0.27,  75) 

1.8E-5  (0.  8.1). 

7.6  (2.4,  16). 

3.2  (1.3,  4.6). 

5.2E-3  (0,  0.15). 

0.12  (4.1E-4,  4.7). 

5 . 

0.37  (0,  99) 

95  (14,  288) 

7.5E-2  (0,  62). 

27  (12,  45). 

16  (8.3,  23). 

1.9(0,  12). 

7.0  (0.29,  53). 

10 . 

2.8  (0.  180) 

234  (69,  448) 

2.7  (0,  145). 

47  (25,  70). 

31  (18,  44). 

24  (0.  80). 

39  (4.5,  142). 

20 . 

21  (0,  305) 

472  (266,  636) 

91  (4.4E-3,  362). 

80  (49,  109). 

60  (38.  85). 

236  (0.17,  478). 

186  (61,  354). 

50 . 

235  (3.4E-3,  555) 

786(652,  891) 

921  (485,  1000). 

155(112,  197). 

138  (96,  188). 

899  (797,  1000). 

696  (504,  860). 

100 . 

700  (266,  964) 

915(802,  975) 

998  (709,  1000). 

243  (187,  306). 

242  (176,  316). 

991  (969,  1000). 

929  (784,  988). 

200 . 

946  (691,  1000) 

969  (890.  995) 

1000  (857, 

1000). 

360  (276,  452). 

390  (299,  480). 

999  (995,  1000). 

987  (916,  999). 

•  Based  on  all  33  subjects. 

b  r  unrestricted  (supralinear  dose  response). 
c  Restriction  imposed  of  r=  1  (Xtvtap  Socrt  ptcrrrovcrt). 

4  Kidney  dysfunction  defined  as  RBP^  156  pg/g  creatinine. 

*  Kidney  dysfunction  defined  as  RBP^  338  pg/g  creatinine. 

1  Numbers  in  parentheses  are  95%  lower  and  upper  bounds. 
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Some  of  the  confidence  intervals  in 
Table  VI-19  are  fairly  wide,  which 
reflects  both  the  small  size  of  some  of 
the  studies  and  the  uncertainty  in 
extrapolating  results  to  low  TWA 
exposures.  Considering  this  and  the 
differences  among  the  underlying 
studies  (see  Table  VI-15),  these 
analyses  yield  reasonably  consistent 
results.  All  of  the  analyses  predict  a 
high  incidence  (24%-99.8%)  of 
proteinuria  at  exposures  of  100  pg/m3. 

Six  of  the  seven  analyses  (all  except  the 
Mason  1  analysis),  provide  consistent 
estimates  of  the  extra  risk  of  proteinuria 
at  TWA  cadmium  exposures  of  1  pg/m3 
and  5  pg/m3,  in  the  sense  that  the  90% 
confidence  intervals  from  all  of  the 
analyses  contain  a  common  range.  That 
is,  with  the  exception  of  the  Mason  1 
analysis,  all  of  the  90%  confidence 
intervals  for  the  extra  risk  of  proteinuria 
at  a  TWA  exposure  of  5  pg/m3  contain 
the  range  between  14  cases  per  1000 
workers  and  23  cases  per  1000  workers.6 
Thus,  within  the  limits  of  statistical 
variability,  these  six  analyses  are  all 
consistent  with  an  extra  risk  of 
proteinuria  in  this  range,  but  are  not  all 
consistent  with  a  risk  of  proteinuria 
outside  this  range.  (The  upper  95% 
confidence  limit  from  the  Mason  1 
analysis  is  12  cases  per  1000  workers, 
which  is  just  barely  outside  the  range 
defined  by  the  remaining  six  analyses.) 

Some  of  the  differences  in  the  risk 
estimates  from  different  studies  is  due  to 
different  definitions  of  kidney 
dysfunction  used  in  the  various  studies. 
For  example,  considering  the  risk  of 
kidney  dysfunction  from  a  TWA 
exposure  of  5  pg/m3  cadmium,  the 
lowest  risk  was  obtained  from  the  Falck 
et  al.  study,  which  employed  the  most 
stringent  definition  of  kidney 
dysfunction  (/Ss-microglobulin  >629  pg/ 
g  creatinine  [Table  VI-15]),  whereas  the 
highest  risk  was  obtained  from  the  Ellis 
et  al.  study,  which  employed  a  much 
more  liberal  definition  of  kidney 
dysfunction  (/?2-microglobulin  >200  pg/g 
creatinine  [Table  VI-15]).  Other 
reasons  for  the  differences  in  the  risk 
estimates  include  different  methods  for 
controlling  pH  and  differences  in  the 
quality  and  quantity  of  extent  of 
exposure  data  and  the  methods  used  for 
estimating  exposures  from  these  data 
(Table  VI-15).  Considering  these 
differences,  and  also  the  statistical 
uncertainty  in  the  five  studies  due  to 
small  sample  sizes,  OSHA  believes  that 
the  analyses  summarized  in  Table  VI-19 
present  a  consistent  picture  of  risks  of 
kidney  dysfunction  from  cadmium 


•  The  95%  upper  and  lower  confidence  bounds 
presented  in  Table  19.  when  considered  in 
combination,  define  90%  confidence  intervals. 


exposure.  The  best  estimates  from  these 
analyses  of  the  risk  of  kidney 
dysfunction  from  45  years  of 
occupational  exposure  to  a  TWA 
concentration  of  5  pg/m3  cadmium  are 
in  the  range  of  14  to  23  cases  per  1000 
workers. 

Risk  Assessment  Based  Upon 
Continuous  Data  from  the  Mason  et  al. 
Study 

Since  it  had  access  to  the  raw  data 
from  the  Mason  et  al.  study  (Ex.  8- 
669A),  in  addition  to  modelling,  as 
discussed  earlier,  OSHA  was  able  to 
model  the  continuous  data  from  the 
Mason  study  on  the  actual  level  of  RBP 
in  the  urine  as  a  function  of  cumulative 
cadmium  exposure.  This  approach  does 
not  require  collapsing  the  urinary  data 
into  a  yes-no  response,  and 
consequently  may  make  more  efficient 
use  of  the  data. 

OSHA  applied  two  types  of  models  to 
the  continuous  data  from  the  Mason 
study:  One  that  made  use  of  the 
.  matching  by  Mason  et  al.  of  referents  to 
exposed  subjects,  and  one  that  did  not 
make  use  of  this  matching.  The  matched 
analysis  was  applied  to  72  matched 
pairs  of  exposed  subjects  and  referents. 
(Although  Mason  et  al.  [Ex.  8-669A] 
reported  75  pairs  in  their  analysis,  in  the 
data  provided  to  OSHA,  RBP  values 
were  missing  for  three  of  the  matched 
referents.)  The  unmatched  analysis  was 
applied  to  all  of  the  exposed  subjects 
and  referents  recorded  in  the  data 
furnished  to  OSHA  by  Mr.  Mason  for 
which  there  was  both  a  cadmium 
exposure  and  a  urinary  value  of  RBP 
reported  (the  cadmium  exposure  was 
assumed  to  be  zero  for  referents);  this 
analysis  included  75  exposed  subjects 
and  96  referents. 

In  the  model  fitting  that  made  use  of 
the  matching,  the  quantity  Log(R«/Rr), 
where  R«  is  the  urinary  RBP  of  an 
exposed  subject  and  Rr  is  the  urinary 
RBP  of  the  matched  referent,  was 
assumed  to  have  a  normal  distribution 
with  mean  a  *  (X— Xo)T  and  standard 
deviation,  cr  (independent  of  X),  where 

X  is  the  cumulative  cadmium  exposure  of  the 
exposed  subject  in  p.g-yr/m5, 

Xo  is  a  posited  potential  threshold  exposure 
to  cadmium  below  which  cadmium 
cannot  adversely  affect  the  kidney,  and 
a  and  r  are  parameters  estimated  from  the 
data.  [Throughout  this  discussion,  the 
expression  (X— Xo)T  is  taken  to  be  zero  if 
X<X«.] 

In  the  model  fitting  that  did  not 
consider  the  matching,  Ln(R«)  is 
considered  to  have  a  normal  distribution 
with  mean  8  +  a  *  (X  — Xo)r  and  standard 
deviation  cr,  where  8  is  a  parameter 
representing  the  mean  amount  of  urinary 
RBP  in  persons  not  exposed  to  cadmium. 


The  remaining  parameters  have  the 
same  meaning  as  the  model  applied  to 
the  matched  data. 

Table  VI-20  shows  the  results  of 
fitting  these  models  and  various  simpler 
submodels  to  the  continuous  data  from 
the  Mason  et  al.  study.  Considering  the 
analyses  applied  to  the  unmatched  data, 
in  Case  I  the  mean  of  the  logarithm  of 
urinary  RBP  (E[Ln(Re)]}  is  assumed  to 
vary  linearly  with  cumulative  cadmium 
exposure;  in  Case  II  this  mean  is 
allowed  to  vary  in  a  non-linear  fashion 
with  cumulative  cadmium  exposure 
(sub-linear  if  r>l,  and  supralinear  if 
t<1).  In  Case  III  a  threshold  of  Xo  pg- 
years/m3  is  assumed  for  the  effect  of 
cadmium;  urinary  RBP  is  assumed  to  be 
unaffected  by  cadmium  exposure  as 
long  as  the  cumulative  cadmium 
exposure  is  below  Xo  pg-years/m3  (the 
value  of  the  threshold  Xo  is  estimated 
from  the  data).  The  mean  of  the 
logarithm  of  urinary  RBP  is  assumed  to 
increase  linearly  with  increasing 
cumulative  cadmium  exposure  for 
exposures  higher  than  the  threshold 
cadmium  exposure  of  Xo.  Case  IV  is  a 
modification  of  Case  III  in  which  the 
mean  of  the  logarithm  of  urinary  RBP  is 
allowed  to  increase  non-linearly  for 
exposures  above  the  threshold  cadmium 
concentration.  Cases  I-IV  have  similar 
meanings  in  the  analyses  applied  to  the 
matched  data. 


Table  VI-20.— Results  of  Fitting  Mod¬ 
els  to  Continuous  Data  on  Retinal 
Binding  Protein  (RBP) 


Log- 

likelihood 

Analyses  Based  on  Unmatched  Data 

1.  EtLn(RJ]=6+aX 

5—2  14  a— 0  000687-  <r2— 1.33 . 

-24.18 

II.  E[Ln(Rj]=8+aXT 

5=2.04;  a =0.00406;  t=0.803; 

<r2-1  29 . 

-21.56 

III.  E[Ln(R,)]=6+a  (X-X°) 

5=2.14;  a =0.000687;  Xo=0, 

tr2- 1.33 . 

-24.18 

IV.  E[Ln(RJ]=6+a  [(X-Xo)P 

5=2.10;  a =0.01 49;  r=0.663; 

Xo— 449;  <r2— 1.24 . 

-18.58 

Analyses  Based  on  Matched  Data 

1.  ECLn(R./Rr)]=aX 
a -0.000690;  <r2-3.22 . 

-42.10 

II.  E[Ln<R./Rr)]=aX' 
a— 0  00515;  r-0  774;  <r2-3.05 . 

—40.22 

Ill  EtLn<R./Rjl=a  (X-Xo) 
a -0.000690;  Xo-0.0;  a1- 3.22 . 

-42.10 

IV.  E[Ln(R./Rri)=a  [(X-X.)]' 
a=0.147;  r=0.408;  Xo=1040; 

a-2— 2.75 . 

-36.37 

R,— Urinary  RBP  in  subject  exposed  to  X  m^-year/ 
m3  cadmium. 

Rr— Urinary  RBP  in  matched. 

Note:  In  these  expression,  X— Xo  is  taken  to  be 
zero  it  X<Xo- 
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With  no  threshold  in  the  model  (Cases 
I  and  II),  a  non-linear  model  (Case  II) 
provides  a  significantly  better  fit  than  a 
linear  model  (Case  I)  [based  upon  a 
likelihood  ratio  test  (Cox  and  Hinkley, 
1974)).  The  better-fitting  non-linear 
model  is  supralinear  (r = 0.803  <1  for  the 
unmatched  analysis,  and  r=0.774<l  for 
the  matched  analysis).  Based  on  linear 
models  only  (Cases  I  and  III),  the  data 
do  not  provide  any  evidence  of  a 
threshold,  because  even  if  a  threshold  is 
permitted  in  the  model  (Case  III),  it  is 
estimated  as  zero  (i.e.,  no  threshold). 
However,  a  non-linear  model  with  a 
threshold  (Case  IV)  provides  a 
significantly  better  fit  than  either  a  non¬ 
linear  model  with  no  threshold  (Case  II) 
or  a  linear  model  with  a  threshold  (Case 
III).  Again,  the  better-fitting  model  is 
supralinear  for  doses  above  the 
threshold  (r = 0.663  <1  for  the 
unmatched  analysis  and  t=0.408<1  for 
the  matched  analysis).  These 
conclusions  hold  both  for  analyses 
based  on  matched  data  and  those  based 
on  unmatched  data. 

The  extra  risk  of  proteinuria  in  a 
person  exposed  to  X  pg-yr/m3  is  defined 
as  [P(X)-P(0)]/[1-P(0)].  where  P(X)  is  the 
probability  of  proteinuria  in  a  person 
with  a  cumulative  cadmium  exposure  of 
X  fig-years/m3.  Based  on  the  model 
assumptions  given  above,  it  can  be 
shown  that  for  the  unmatched  analyses, 
P(X)  is  given  by 

P(X] = 1 — N([Ln(338) — 8 —a  *  (X-XorjM 

where  N  is  the  standard  normal 
distribution  function,  and  338  fig/g 
creatinine  is  the  cutoff  value  for  RBP  in 
urine  used  to  define  proteinuria  in  the 
Mason  et  al.  study. 

The  model  used  for  the  matched 
analysis  data  provides  an  estimate  of 
the  ratio  of  the  RBP  level  in  an  exposed 
individual  relative  to  what  his  baseline 
•  RBP  level  would  be  if  he  had  not  been 
exposed  to  cadmium.  (This  baseline 
value  was  estimated  by  the  RBP  level  in 
a  matched  control  in  the  matched 
analysis.)  In  the  calculations  presented. 
OSHA  used  111  pg/g  creatinine  for  this 
baseline,  which  was  the  average  value 
from  the  96  referents  in  the  Mason  et  al. 
study.  Consequently,  for  the  matched 
analyses, 

P(X)=1— N{(Ln(3.045)  — a  *  (X-Xo H/tr}. 

where  3.045=  338/111.  Thus,  the 
matched  analysis  is  estimating  the 
probability  that  the  RBP  level  is  about 
tripled  (3.045=3). 


Table  VI-21.— Estimate  of  Kidney  Pro- 
teinurea  Per  1000  Workers  With  45 
Years  of  Occupational  Exposure 
to  Cadmium  Derived  From  Continu¬ 
ous  Mason  Data 


8-hour  TWA 

Models 

Model  II 

Model 

exposure  (jtg/ml 

1.  Ill 

IV 

Based  on  Unmatched  Analyses 


1 . 

5  2 

13 

0 

5 . 

28 

54 

0 

10 . . . . 

60 

107 

23 

20 . 

139 

224 

204 

50 . 

465 

606 

681 

100 . 

908 

947 

970 

200 . 

1000 

1000 

1000 

Based  on  Matched  Analyses 


1 . 

7.8 

25 

0 

5 . . . 

40 

91 

0 

10 . 

82 

161 

0 

20 . 

170 

287 

0 

50 . 

450 

593 

469 

100 . 

818 

879 

889 

200 . 

997 

996 

992 

See  Table  20  for  definition  of  models. 


Table  VI-21  provides  estimates  of  the 
numbers  of  cases  of  proteinuria  per  1000 
workers  exposed  for  a  45-year  working 
lifetime  at  various  8-hour  TWA 
exposures  derived  from  analyses  of 
continuous  data  from  the  Mason  et  al. 
study.  Models  I.  II,  and  III  predict 
between  28  and  91  cases  of  proteinuria 
per  1000  workers  exposed  to  a  TWA  of  5 
pg/m3.  These  estimates  are 
considerably  higher  than  those  in  Table 
VI-19  derived  from  the  Mason  data,  and 
are  also  generally  higher  than  those  in 
Table  VI-19  derived  from  other  data 
sets.  Turning  to  the  estimates  in  Table 
VI-21  derived  from  Model  IV  (non-linear 
model  incorporating  a  threshold),  based 
on  matched  analyses  the  model  predicts 
no  risk  for  TWA  exposures  of  20  pg/m* 
or  below.  (This  model  predicted  a 
threshold  of  1040  pg-years/m3  [Table 
VI-20],  which  is  equivalent  to  a  TWA 
exposure  for  45  years  of  1040/45  =  23  pg/ 
m3.)  However,  the  model  predicts  a  very 
high  risk  of  proteinuria  for  exposures 
slightly  higher  than  the  predicted 
threshold  (e.g.,  it  predicts  that  469  out  of 
1000  workers  exposed  for  45  years  to  a 
TWA  cadmium  exposure  of  50  pg/m3 
will  develop  proteinuria.) 

Based  on  unmatched  analyses,  Model 
IV  predicts  no  risk  for  TWA  exposures 
of  5  pg/m3  or  below.  (This  model 
predicted  a  threshold  of  449  pg-years/m3 
[Table  VI-20],  which  is  equivalent  to  a 
TWA  exposure  for  45  years  of  449/ 
45=9.98  pg/m3.)  However,  this  model 
likewise  predicts  a  sharply  increasing 
risk  of  proteinuria  for  exposures  higher 
than  the  predicted  threshold  (e.g.,  it 
predicts  that  204  out  of  1000  workers 
exposed  for  45  years  to  a  TWA 


cadmium  exposure  of  20  pg/m3  will 
develop  proteinuria.) 

To  further  explore  the  relationship 
between  cadmium  exposure  and  urinary 
RBP  in  Mason  et  al.  study,  OSHA 
developed  three  plots  showing  the 
Mason  et  al.  data  and  the  fit  of  the 
various  models  to  these  data.  Figure  VI- 
1  is  a  log-log  plot  of  the  ratios  of  RBP 
level  in  cadmium-exposed  subjects  to 
the  RBP  level  in  matched  referents 
versus  cumulative  exposure  to  cadmium. 
(For  Figures  VI-l-VI-4,  see  the  end  of 
this  section  VI — Quantitative  Risk 
Assessment.)  This  figure  shows  there  is 
a  considerable  amount  of  variability  in 
the  data  points  about  the  mean  curve, 
no  matter  which  model  is  used  to 
describe  the  mean.  Figure  VI-2  is  a 
similar  plot  for  the  unmatched  analyses, 
and  this  plot  likewise  shows  a 
considerable  amount  of  variability  in  the 
data  points  about  the  mean  curves.  For 
visual  reference,  the  referent  RBP  values 
are  plotted  along  the  left  vertical  axis  in 
Figure  VI-2  (although  since  a  log  scale  is 
being  used  for  dose,  theoretically  they 
should  be  plotted  infinitely  far  to  the  left 
at  an  x-axis  value  of  minus  infinity). 
Visually,  there  appears  to  be  little 
difference  between  the  fits  of  the 
different  models  in  Figure  VI-2.  Figure 
VI-3  is  exactly  the  same  plot  as  Figure 
VI-2,  except  than  in  Figure  VI-3  a  linear 
scale  has  been  used  for  cumulative 
cadmium  exposure  (the  x-axis)  rather 
than  a  log  scale.  Use  of  a  linear  scale 
also  allows  both  referents  and  cadmium- 
exposed  subjects  to  be  legitimately 
included  in  the  same  graph.  The  dose 
response  suggested  by  Figure  VI-3 
appears  less  “threshold-like”  than  that 
suggested  by  Figure  VI-2  and  suggests 
that  any  indication  of  a  threshold  by 
Figure  VI-2  may  be  an  artifact  stemming 
from  the  use  of  a  log-scale  for  cadmium 
exposure. 

The  models  applied  to  the  continuous 
data  only  estimated  a  threshold  in 
conjunction  with  a  supralinear  dose 
response  (r<l).  If  the  models  were  not 
allowed  to  be  supralinear  (i.e., 
constrained  to  be  linear  or  sublinear, 
t>1),  the  model  predicted  no  threshold. 
This  superlinearity  causes  the  models  to 
predict  a  very  rapid  rise  in  risk  at 
cadmium  exposures  slightly  above  the 
estimated  threshold  (Figures  VI-l-VI-3). 
Consequently,  if  this  supralinearity  is  in 
fact  real,  if  the  threshold  is  slightly 
overestimated,  the  risk  at  the  estimated 
threshold  could  be  significant. 

Moreover,  there  are  questions  regarding 
whether  supralinear  dose  responses  are 
biologically  plausible  (Crump,  1985). 

In  addition,  there  are  plausible 
biological  augments  that  indicate  a 
threshold  may  not  occur  for  kidney 
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effects  of  cadmium  exposure.  As  pointed 
out  by  epidemiologist  Richard  Peto 
(1978),  whenever  a  chemical  exposure 
augments  a  health  effect  that  occurs  to 
some  degree  even  among  non-exposed 
persons  by  the  same  general 
mechanisms  through  which  the 
background  health  effects  occur,  there  is 
unlikely  to  be  a  threshold  for  that 
effect.7  OSHA  notes  that  proteinuria 
occurs  among  persons  not  exposed  to 
cadmium  and,  further,  there  are  sources 
of  cadmium  exposure  other  than  the 
workplace.  These  facts,  when  applied  to 
Peto’s  reasoning,  argue  that  there  may 
not  be  a  threshold  for  kidney  effects 
from  cadmium  exposure. 

OSHA  concludes  that  in  order  to 
insure  adequate  protection  for  exposed 
workers,  it  should  give  greater  weight  to 
the  non-threshold  models  than  to  the 
models  that  predict  a  threshold.  The 
reasons  for  this  are  threefold.  First, 
there  are  plausible  biological  arguments 
that  a  threshold  may  not  exist  for 
cadmium  effects  upon  the  kidney. 

Second,  a  threshold  is  only  estimated  in 
conjunction  with  a  supra  linear  dose 
response  which  is  of  questionable 
biological  plausibility.  Third,  even  if  the 
estimated  threshold  is  real,  slight  errors 
in  estimation  of  the  threshold  could 
result  in  significant  risk  at  the  estimated 
threshold. 

Thun  et  al.  Study  of  Kidney  Effects  in 
Cadmium  Workers 

In  their  study  of  workers  exposed  to 
cadmium  at  the  same  cadmium  recovery 
plant  that  was  studied  by  Ellis  et  al.  (Ex. 
4-27),  Thun  et  al.  (Ex.  19-43B)  found  that 
increasing  cadmium  dose  was 
associated  with  reduced  absorption  of 
/32-microglobulin  and  retinol  binding 
protein.  Cadmium  dose  remained  the 
most  important  predictor  of  serum 
creatinine  levels  after  controlling  for 
age,  blood  pressure,  body  size,  and  other 
factors.  Although  Thun  et  al.  did  not 
report  the  data  in  their  paper  in  a  form 
that  could  be  used  for  quantitative  dose 
response  modelling,  Thun  et  al.  present 
a  graph  that  represents  the  result  of 
their  own  modelling  (Ex.  19-43B,  Figure 
VI-3).  Based  on  values  read  from  this 
graph,  it  appears  that  the  probability  of 
renal  abnormality  in  unexposed  subjects 
is  about  0.12  and  the  corresponding 
probability  among  subjects  with  a 
cumulative  cadmium  exposure  of  500 
mg-days/m3  (equivalent  to  a  45-year 
TWA  occupational  exposure  to  30  pg/ 
m3)  is  about  0.2,  which  means  that  the 
extra  risk  of  renal  abnormality  from 


1  Although  Peto's  argument  was  made  specifically 
for  cancer,  it  applied  more  generally  to  any  health 
effect  that  is  augmented  by  exposure  to  a  chemical 
through  the  same  genera)  mechanism. 


cadmium  exposure  is  about  (0.2-0.12)/ 
(1-0.12) =0.091,  or  91  per  1000  workers. 
Similarly,  the  probability  of  renal 
abnormality  among  subjects  with  a 
cumulative  cadmium  exposure  of  1000 
mg-days/m3  (equivalent  to  a  45-year 
TWA  occupational  exposure  to  80  pg / 
m3)  is  about  0.34,  which  translates  to  an 
extra  risk  of  about  0.25,  or  250  per  1000 
workers.  These  values  appear  to  be 
within  the  range  of  the  quantitative 
estimates  obtained  by  OSHA  from  other 
studies,  and  which  appear  in  Tables  VI- 
19  and  VI-21.  Thus,  although  OSHA  was 
not  able  to  conduct  an  independent 
analysis  of  the  data  from  the  Thun  et  al. 
study  of  kidney  effects  in  cadmium- 
exposed  smelter  workers,  it  appears  that 
the  quantitative  predictions  from  this 
study  are  consistent  with  the  those 
developed  by  OSHA  from  other  studies. 

Thun  et  al.  Review  of  Studies  of  Kidney 
Dysfunction  in  Cadmium  Workers 

Thun  et  al.  (Ex.  L-140-50)  reviewed 
seven  occupational  studies  that 
examined  the  relation  of  kidney 
dysfunction  to  cumulative  exposure  to 
airborne  cadmium.  The  seven  studies 
included  the  five  used  by  OSHA  for 
quantitative  modelling  [Falck  et  al.  (Ex. 
4-28),  Ellis  et  al.  (Ex.  4-27),  Elinder  et  al. 
(Ex.  L-140-45),  Jarup  et  al.  (Ex.  8-061), 
and  Mason  et  al.  (Ex.  8-609)],  the  study 
of  Thun  et  al.  (Ex.  19-43B),  which  was 
discussed  above,  and  a  study  by 
Kjellstrom  et  al.  (Ex.  8-233)  of  the  same 
cohort  of  Swedish  battery  workers  that 
was  studied  by  Jarup  et  al.  They 
considered  both  the  dose-response 
relationship  and  the  potential  lowest 
cadmium  exposure  at  which  kidney 
effects  are  detectable.  Figure  VI-4 
reproduces  Figure  1  of  Thun  et  al.  (Ex. 
L-140-50),  which  presents  the  dose- 
response  data  for  kidney  dysfunction 
from  these  studies  along  with  a  risk 
assessment  model  developed  by  OSHA 
in  the  proposed  rule  and  the  prevalence 
estimated  from  a  metabolic  model  by 
Kjellstrom  (1986d,  ref.  in  Ex.  L-140-50). 
Thun  et  al.  noted  that,  "the  OSHA  model 
generally  follows  the  upper  range  of  the 
empirical  data  and  agrees  well  with  the 
Kjellstrom  and  Nordberg  metabolic 
model.” 

For  comparison  purposes,  OSHA  has 
superimposed  on  Thun  et  al.'s  figure,  a 
representation  of  a  dose-response  model 
estimated  by  fitting  the  modified  logistic 
model  to  the  data  of  Mason  et  al.  (the 
Mason  II  analysis  reported  in  Tables 
VI-16,  VI-17,  and  VI-19).  This  particular 
dose-response  model  appeared  to  give 
results  that  were  within  the  range  of  the 
results  obtained  by  OSHA  from  the 
remaining  models  (see  Table  VI-19  and 
Figure  VI-4).  Table  VI-19  indicates  that 


this  model  appears  to  give  results  that 
are  generally  intermediate  between 
those  obtained  using  the  OSHA  model 
from  the  proposed  rule  and  the 
metabolic  model,  and  that,  overall,  the 
three  models  are  in  good  agreement. 

After  reviewing  the  available  data  on 
the  dose  response  of  renal  dysfunction, 
Thun  et  al.  (Ex.  L-140-50)  concluded 
that  it  was  impossible  to  identify  a  no¬ 
effect  level  for  the  renal  effects  of 
cadmium  with  certainty.  Reasons  for 
this  included  limited  sample  sizes  of  the 
studies,  methodological  differences 
between  the  studies,  and  imprecision  of 
the  exposure  data.  Thun  et  al.  concluded 
that  "The  overall  data  suggest  that  the 
PEL  for  cadmium  should  not  exceed  5 
pg/m3  to  protect  workers  from  kidney 
dysfunction  and  lung  cancer  over  a 
working  lifetime.”  This  conclusion 
supports  the  independent  analyses 
conducted  by  OSHA.  Indeed,  OSHA’s 
analyses  indicate  that  the  risk  of  kidney 
dysfunction  from  45  years  of 
occupational  exposure  to  a  PEL  of  5  pg / 
m3  may  be  well  in  excess  of  one  case 
per  1000  workers. 

Discussion  of  Issues  Related  to  Risk 
Assessment  for  Kidney  Dysfunction 

Two-phase  Model  Used  by  Mason  et  al. 

Mason  et  al.  (Ex.  8-669A)  used  a  two- 
phase  linear  regression  to  model  the 
relationship  between  the  logarithm  of 
the  ratio  of  RBP  levels  in  exposed 
subjects  and  unexposed  matched 
referents  (Ln(R./Rr),  where  R«  is  the  RBP 
level  in  an  exposed  subject,  Rr  is  the 
RBP  level  in  the  matched  unexposed 
referent]  and  the  logarithm,  Ln(X),  of  the 
cumulative  cadmium  exposure  of  the 
exposed  subject  This  model  indicated 
that  a  change  of  slope  in  the  relationship 
between  RBP  and  cumulative  cadmium 
exposure  occurred  at  a  cumulative 
exposure  of  1108  pg-yr/m3.  A  larger 
slope  was  indicated  for  cumulative 
exposures  larger  than  1108  pg-yr/m3, 
and  a  smaller,  but  still  positive,  slope 
was  indicated  for  cumulative  exposure 
values  smaller  than  1108  pg-yr/ms 
(Table  6  and  Figure  3  in  Mason  et  al.). 

In  its  proposed  rule  (Ex.  18,  p.4083), 
OSHA  interpreted  the  Mason  et  al. 
analysis  as  indicating  that  “the  excess 
risk  threshold  for  cadmium  was 
approximately  1000  pg/m3-years.” 
However,  upon  reevaluation,  OSHA 
notes  that,  since  the  slope  was  still 
positive  even  at  doses  below  1108  pg- 
yr/m3,  Mason  et  al.’s  model  predicts  an 
increasing  response  at  all  levels  of 
cumulative  cadmium  exposure.  Thus,  it 
does  not  predict  a  threshold  for  the 
effect  of  cadmium  at  1,100  pg-yr/m3. 
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OSHA  also  notes  that,  whether  a  two- 
phase  model  is  suggested  by  the  data 
may  depend  heavily  upon  whether 
cadmium  exposures  are  log-transformed 
before  plotting.  Figure  VI-2  is  a  plot  of 
the  Mason  data  using  log-transformed 
exposures  and  Figure  VI-3  is  a  plot  of 
the  same  data  using  untransformed 
exposures.  Figure  VI-2  appears  perhaps 
to  be  suggestive  of  a  two-phase 
relationship  whereas  Figure  VI-3  does 
not.  OSHA  notes  that,  more  generally,  a 
wide  variety  of  dose  responses 
(including  linear,  no-threshold  dose 
responses)  can  be  made  to  appear  two- 
phase  or  threshold-like  by  using  log- 
transformed  exposures  when  plotting. 
(This  is  because  the  log-transform  has 
the  effect  of  placing  the  exposure  origin 
at  minus  infinity  on  the  log  scale  and 
thereby  exerts  a  "stretching”  effect  upon 
the  dose  response  at  low  doses.  This 
stretching  effect  can  be  seen  by 
comparing  Figures  VI-2  and  VI-3.) 

OSHA  also  notes  that  the  two-phase 
linear  model  as  applied  by  Mason  et  al. 
is  not  meaningful  at  low  exposures 
because  it  predicts  that  the  RBP  levels  in 
cadmium-exposed  subjects  will  be 
smaller  than  the  RBP  levels  in 
unexposed  subjects  by  arbitrary  large 
factors  at  small  exposures  (e.g.,  the 
model  predicts  that  the  ratio  R«/Rr 
approaches  zero  at  low  exposures, 
whereas  in  actuality  this  ratio  must 
approach  one.)  Consequently,  OSHA 
does  not  consider  that  this  model  is 
reasonable  for  predicting  the  kidney 
response  from  low  cadmium  exposures. 
On  the  other  hand,  the  models  used  by 
OSHA  in  fitting  Mason  et  al.  continuous 
data  assume  correctly  that  the  ratio  R,/ 
Rr  approaches  ope  at  low  exposures. 

Other  Recommended  Models  for  Kidney 
Data 

Several  commenters  (Tr.  8/8/90)  (Ex. 
19-43G)  recommended  modelling  the 
doBe  response  for  kidney  dysfunction 
using  the  probit  distribution.  These 
recommendations  were  based  generally 
on  the  evidence  that  urinary  cadmium  or 
protein  levels  appear  to  follow  a  log¬ 
normal  distribution.  For  example, 
ENVIRON  Corp.  (19-43G)  cited  evidence 
that  the  distribution  of  kidney  cadmium 
concentrations  among  exposed 
individuals  is  often  log-normal  and 
concluded  that  the  probit  is  a  "log¬ 
normal  tolerance  distribution  model" 
and  consequently  should  be  used  for 
low-dose  extrapolation  of  cadmium 
renal  effects.  Dr.  Starr  (Ex.  38)  also 
considered  the  probit  model  to  be  a 
better  choice  for  low-dose  extrapolation 
purposes  than  the  logistic  model  used  by 
OSHA.  In  support  of  this  position.  Dr. 
Starr  offered  several  pieces  of  evidence 
including  the  following:  (1)  A  finding  by 


Elinder  et  al.  (1978.  ref.  in  Ex.  38),  based 
on  measurements  taken  at  Swedish 
autopsies,  that  the  frequency 
distribution  of  kidney  cadmium 
concentrations  was  log-normal;  (2)  the 
fact  that  Kjellstrom  (1986b,  ref.  in  Ex.  L- 
140-50)  used  a  log-normal  distribution 
foT  individual  critical  kidney  cortex 
cadmium  concentrations;  and  (3)  a 
finding  by  Kjellstrom  et  al.  (Ex.  8-233) 
that 

The  individual  variation  in  effect  at  the 
same  exposure  duration  is  great,  but  in  each 
dose  group  a  log-normal  distribution  of  /3»- 
microglobulin  excretion  was  found. 

OSHA  notes  that  all  of  the  evidence 
presented  by  Dr.  Starr  addresses  the 
distribution  of  cadmium  or  low 
molecular  weight  proteins  (e.g.,  /32- 
microglobulin)  in  urine  within  various 
populations.  For  example,  the  quote  by 
Kjellstrom  et  al.  (Ex.  8-233)  refers  to  a 
log-normal  distribution  for 
concentrations'  within  dose  groups,  and 
consequently  among  individuals  having 
similar  cadmium  exposures.  None  of  this 
evidence  addresses  the  issue  of  what  is 
an  appropriate  dose-response  model  for 
relating  cumulative  airborne 
concentrations  of  cadmium  to  the 
probability  of  kidney  dysfunction. 
Contrary  to  what  Dr.  Starr  implies,  a 
log-normal  distribution  for  protein  or 
cadmium  in  the  kidney  does  not  imply  a 
probit  model  for  the  dose  response.  The 
model  fit  by  OSHA  to  the  continuous 
cadmium  data  of  Mason  et  al.  (Tables 
VI-20  and  VI-21)  assumes  a  log-normal 
distribution  for  the  distribution  of  RBP 
among  persons  with  the  same  cadmium 
exposures  and  consequently  is 
consistent  with  the  evidence  cited  by  Dr. 
Starr.  However,  the  corresponding  dose 
response  function  is  not  a  probit  model.8 


8  The  probit  dose  response  is  defined  as 
P(X)=c+(l— c)*N(a+b*Ln(X)|,  where  X  is 
cumulative  dose.  N  indicates  the  normal  distribution 
function.  Ln  indicates  natural  logarithm,  and  a,  b, 
and  c  are  parameters  estimated  from  data.  On  the 
other  hand,  the  dose  response  obtained  by  OSHA 
from  its  model  applied  to  the  unmatched  Mason  et 
al.  data  (and  which  assumed  a  log-normal 
distribution  of  RBP  in  subjects  with  the  same 
cumulative  cadmium  exposure)  was 
P(X) = 1 — N{ [Ln(336) — 8— a*(X— X»)T]/ tr},  where 
338  uglg  creatinine  is  the  RBP  level  used  to  define 
kidney  disfunction,  and  a,  6,  Xo,  r,  and  tr  are 
parameters. 

These  two  dose  responses,  while  superficially 
somewhat  similar  in  appearance,  are  not  the  same 
mathematically  and  may  provide  substantially 
different  numerical  values. 

A  log-normal  distribution  for  kidney 
concentration  after  a  fixed  cadmium  exposure  does 
not  place  any  restriction  upon  the  form  of  the  dose 
response,  because  it  can  be  shown  that  any  dose 
response  model  is  consistent  with  a  log-normal 
distribution  for  kidney  concentrations  (i.e„  given,  a 
priori,  any  dose  response  model  for  the  likelihood  of 
kidney  disfunction,  an  expression  can  be  found  for 
the  distribution  of  the  kidney  concentration  as  a 
function  of  cadmium  exposure  that  predicts  the  a 


OSHA  concludes  that,  even  if 
cadmium  and  protein  levels  in  urine 
follow  log-normal  distributions,  this  in 
no  way  implies  that  a  probit  model  is 
appropriate  to  model  the  dose  response 
of  kidney  dysfunction  from  cadmium 
exposure.  Dr.  Lemen  from  NIOSH  (Tr.  8- 
194)  supported  this  conclusion, 
commenting  that  it  doesn’t  matter 
whether  the  underlying  /fc-microglobulin 
data  are  or  are  not  normally  distributed 
because  they  are  treated  dichotomously 
by  the  model. 

The  Office  of  Budget  and  Management 
(OMB)  (Ex.  17-D)  suggested  that,  since 
the  logistic  regression  analyses  of 
kidney  dysfunction  involved  “thresholds 
for  classification  purposes”  (meaning 
that  a  cutoff  was  derived  based  on 
urinary  concentrations  of  /32- 
microglobulin  or  other  low  molecular 
weight  proteins  and  persons  with  urine 
concentrations  above  the  cutoff  were 
assumed  to  have  kidney  dysfunction), 
this  “implies  that  kidney  dysfunction  is 
in  fact  a  threshold-related  health  effect." 
OMB  then  raises  the  question,  “To  what 
extent  does  this  argue  against  the  use  of 
a  non-threshold  probability  model  to 
estimate  risk?"  In  this  comment  OMB  is 
using  two  unrelated  notions  of  a 
threshold.  On  one  hand,  they  are 
identifying  the  cutoff  for  the  urinary 
concentration  of  low  molecular  weight 
protein  used  to  define  kidney 
dysfunction  as  a  "threshold"  for  urinary 
protein.  On  the  other  hand,  they  are 
suggesting  that  this  implies  the  existence 
of  a  threshold  of  exposure  to  cadmium 
(i.e.,  a  cadmium  threshold)  below  which 
the  risk  of  kidney  dysfunction  would  not 
be  increased.  Thus,  in  one  case,  they  are 
referring  to  a  “protein  threshold"  and  in 
the  other  case  a  “cadmium  threshold." 
These  two  concepts  are,  in  fact, 
essentially  unrelated.  Use  of  a  cutoff  for 
urinary  protein  levels  to  define  kidney 
dysfunction  is  unrelated  to  the  use  of  a 
threshold  or  non-threshold  model  for 
evaluating  the  relationship  between 
cadmium  exposure  and  proximal  tubular 
dysfunction.  Since  there  is  /32 
microglobulin  excreted  in  the  general 
population  and  cadmium  augments  that 
mechanism,  there  is  more  support  for 
the  use  of  a  non-threshold  model  as 
compared  to  a  threshold  model. 

Summary  of  Quantitative  Estimates  of 
Kidney  Dysfunction  from  Cadmium 
Exposure 

OSHA  has  made  nine  sets  of 
estimates  of  the  risk  of  kidney 
dysfunction  (Tables  VI-19  and  VI-21), 


priori  dose  response  model  as  well  as  a  log-normal 
distribution  for  kidney  cadmium  concentrations  at 
fixed  cadmium  exposures). 
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based  on  data  from  five  different 
studies.  In  addition.  OSHA  has 
reviewed  estimates  based  on  a  sixth 
study,  that  of  Thun  et  al.  (Ex.  19-43B). 

As  indicated  by  Table  VI-15,  these  six 
studies  differ  in  many  ways.  The  cohorts 
studied  come  from  Sweden,  the  United 
Kingdom,  Michigan,  and  Colorado.  They 
were  exposed  to  cadmium  in  smelters 
and  several  different  types  of 
manufacturing  facilities.  Exposures  were 
to  different  forms  of  cadmium,  including 
fume,  dust,  welder  fume,  and  CdO  dust. 
The  number  of  cadmium-exposed 
subjects  in  the  studies  ranged  from  33  to 
440,  representing  a  difference  of  more 
than  an  order  of  magnitude.  Three  of  the 
studies  included  non-exposed  controls, 
and  one  of  these  matched  controls  to 
exposed  subjects  by  age.  The  cadmium 
exposure  data  were  of  variable  type  and 
quality  and  different  procedures  were 
used  to  quantify  individual  exposures. 

There  were  also  considerable 
differences  in  the  procedures  used  in 
collecting  the  urine  samples.  Some  of  the 
studies  involve  spot  urine  samples. 
Mason  et  al.  collected  3-hour  samples, 
Elinder  et  al.  collected  morning  samples, 
and  Falck  et  al.  collected  spot  samples, 
but  confirmed  findings  in  subjects  with 
kidney  dysfunction  using  24-hour 
samples.  Some  of  the  studies  were 
based  on  historical  urine  samples  and 
others  were  collected  specifically  in 
conjunction  with  the  associated  study. 
Elinder  et  al.  insured  that  urine  pH 
would  be  acceptably  high  by 
administering  sodium  bicarbonate  prior 
to  the  sampling.  Some  of  the  remaining 
studies  adjusted  pH  after  collection  of 
the  sample,  and  others  make  no  mention 
of  any  adjustment  for  pH. 

There  were  also  differences  in  the 
type  of  protein  and  the  level  of  protein 
in  urine  used  to  define  kidney 
dysfunction.  Mason  et  al.  defined  kidney 
dysfunction  in  terms  of  RBP  in  urine. 

Ellis  et  al.  defined  kidney  dysfunction 
using  a  combination  of  /32-microglobulin 
and  total  protein.  The  remaining  four 
studies  defined  kidney  dysfunction  in 
terms  of  /32-microglobulin.  However, 
these  four  studies  use  different  amounts 
of  /32-microglobulin  in  urine  to  define 
kidney  dysfunction;  these  cutoffs  range 
from  300  pg/g  creatinine  (Ex.  L-140-45) 
to  629  pg/g  creatinine  (Ex.  4-28). 

Despite  these  differences,  each  of 
these  studies  demonstrated  a 
relationship  between  exposure  to 
cadmium  and  kidney  dysfunction.  In 
addition  to  the  differences  among  the 
underlying  studies,  two  different 
modelling  approaches  were  applied.  The 
logistic  model,  modified  to  include  the 
possibility  of  background  response,  was 
applied  to  data  from  six  studies.  A 


model  for  continuous  data  was  applied 
to  the  continuous  data  from  the  Mason 
et  al.  study.  Versions  of  this  latter  model 
were  applied  that  incorporated  the 
possibility  of  a  threshold. 

All  of  these  differences  could 
contribute  to  disparities  in  quantitative 
results  obtained  from  dose-response 
modelling.  Given  these  many 
differences,  one  would  not  expect 
necessarily  to  get  close  agreement 
among  the  studies  in  quantitative 
estimates.  For  example,  since  different 
studies  used  different  definitions  of 
kidney  dysfunction,  different  studies  are 
actually  estimating  somewhat  different 
endpoints. 

However,  despite  differences  in  study 
protocols  and  modelling  approaches, 
quantitative  results  are  reasonably 
consistent.  All  of  the  results  in  Tables 
VI-19  and  VI-21  predict  a  high  risk  of 
kidney  dysfunction  at  a  45-year  TWA 
cadmium  exposure  of  100  /ig/m3  (at 
least  242  cases  per  1000  workers  and, 
except  for  estimates  based  on  the  Jarup 
et  al.  study,  at  least  700  cases  per  1000 
workers).  It  was  noted  earlier  that,  with 
the  exception  of  the  Mason  1  analysis, 
the  results  in  Table  VI-19  provide 
consistent  estimates  of  the  extra  risk  of 
proteinuria  at  TWA  cadmium  exposures 
of  5  pg/m3,  in  the  sense  that,  with  the 
exception  of  the  Mason  1  analysis,  all  of 
the  90%  confidence  intervals  in  Table 
VI-19  for  the  extra  risk  of  proteinuria  at 
a  TWA  exposure  of  5  pg/m3  contain  the 
range  between  14  cases  per  1000 
workers  and  23  cases  per  1000  workers. 
(The  upper  95%  confidence  limit  from 
the  Mason  1  analysis  is  12  cases  per 
1000  workers,  which  is  just  barely  below 
this  range.)  However,  estimates  of  risk 
from  exposure  to  5  pg/m3  range  as  high 
as  95  per  1000  workers  (based  on  data 
from  the  Ellis  et  al.  study). 

The  models  applied  to  the  continuous 
data  of  Mason  et  al.  (Table  VI-21)  that 
do  not  predict  a  threshold  predict  extra 
risks  at  a  45-year  TWA  exposure  to  5 
pg/m3  of  between  28  and  91  cases  per 
1000  workers.  These  values  are  within 
the  range  of  the  point  estimates  in  Table 
VI-19.  The  models  that  predicted  a 
threshold  only  did  so  in  conjunction 
with  a  supralinear  dose  response,  which 
is  of  questionable  biological  plausibility. 
These  threshold  models  predicted  a  no¬ 
effect  threshold  at  a  cumulative 
exposure  equivalent  to  a  45-year 
exposure  to  a  TWA  of  between  20  and 
50  pg/m3  (matched  analysis),  or 
between  5  and  10  pg/m3  (unmatched 
analysis).  However,  both  of  these 
threshold  models  predict  that  the  risk  of 
kidney  dysfunction  rises  rapidly  for 
exposures  slightly  above  the  threshold. 
For  example,  the  matched  model 


predicts  that  the  extra  risk  of  kidney 
dysfunction  rises  from  0  per  1000 
workers  to  469  per  1000  workers  as  45- 
year  TWA  exposures  increase  from  20 
to  50  pg/m3,  and  the  unmatched  model 
predicts  that  the  risk  rises  from  2.3  per 
1000  workers  to  204  per  1000  workers  as 
45-year  TWA  exposures  increase  from 
10  to  20  pg/m3. 

OSHA  concludes  that  it  should  give 
greater  weight  to  the  non-threshold 
models  than  to  the  models  that  predict  a 
threshold,  because  (1)  there  are 
plausible  biological  arguments  that  a 
threshold  may  not  exist  for  cadmium 
effects  upon  the  kidney;  (2)  a  threshold 
is  only  estimated  in  conjunction  with  a 
supralinear  dose  response  which  is  of 
questionable  biological  plausibility;  and 
(3)  even  if  the  estimated  threshold  is 
genuine,  slight  errors  in  estimation  of 
the  threshold  could  result  in  significant 
risk  at  the  estimated  threshold.  OSHA 
further  notes  that,  even  if  the  threshold 
estimates  are  taken  at  face  value,  the 
PEL  would  need  to  be  below  10  pg/m3  in 
order  to  prevent  kidney  dysfunction 
from  a  45  year  occupation  exposure  at 
the  PEL. 

OSHA’s  preferred  estimates  of  the 
extra  risk  of  kidney  dysfunction  is  in  the 
range  of  between  14  to  23  cases  per  1000 
workers  exposed  to  a  TWA  of  5  pg/m3 
for  a  45  year  working  lifetime.  This 
range  is  consistent  with  the  majority  of 
the  analyses  conducted  by  OSHA, 
although  there  are  individual  estimates 
both  above  and  below  this  range.  OSHA 
notes  that  this  risk  range  is  considerably 
in  excess  of  one  per  thousand. 

Overall  Summary  of  Risk  Assessment 
for  Lung  Cancer  and  Kidney 
Dysfunction 

OSHA  has  developed  estimates  of  the 
risk  of  lung  cancer  from  occupational 
exposure  to  cadmium  using  several 
different  types  of  analyses  based  on 
data  from  animal  studies  of  Takenaka  et 
al.  (Ex.  4-67),  Oldiges  et  al.  (Ex.  8-694D) 
and  Glaser  et  al.  (Ex.  8-694B)  and  using 
human  data  from  the  cohort  of  workers 
exposed  to  cadmium  at  a  cadmium 
smelter  (Thun  et  al.,  Ex.  4-68;  Stayner  et 
al.,  Ex.  L-140-20).  These  animal  and 
human  data  indicate  an  increased  risk 
of  lung  cancer  from  occupational 
exposure  to  cadmium. 

OSHA  has  also  developed  estimates 
of  the  risk  of  kidney  dysfunction  from 
occupational  exposure  to  cadmium  using 
data  from  five  different  epidemiological 
studies  of  the  effect  of  occupational 
exposure  to  cadmium  upon  kidney 
dysfunction  (Falck  et  al.,  Ex.  4-28;  Ellis 
et  al.,  Ex.  4-27;  Elinder  et  al.,  Ex.  L- 
140(45);  Mason  et  al..  Ex.  8-669A;  Jarup 
et  al.,  Ex.  8-661).  All  of  these  studies,  as 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  42199 


well  as  the  study  of  Thun  et  al.  (Ex.  19-  of  kidney  dysfunction  from  this  kidney  dysfunction  per  1000  workers. 

43B),  indicate  an  increase  in  proteinuria  exposure  range  above  900  cases  per  1000  Thus,  risks  of  both  lung  cancer  and 

among  workers  exposed  to  cadmium.  workers.  OSHA’s  preferred  estimates  of  kidney  dysfunction  are  predicted  to  be 

OSHA’s  preferred  estimate  of  the  risk  from  exposure  to  a  TWA  of  5  pg/m3  in  excess  of  one  case  per  1000  workers 

excess  lung  cancer  risk  from  45  years  of  range  between  three  and  nine  excess  from  45  years  of  exposure  to  a  TWA  of  5 

occupational  exposure  to  cadmium  lung  cancer  deaths  based  on  the  p-g/m3. 

ranges  from  58  to  157  excess  deaths  per  epidemiologic  data  and  15  excess  cancer 
1000  workers  from  exposure  to  a  TWA  deaths  based  on  the  animal  data  and  BM'U  4S10’ 

of  100  p,g/m3,  and  estimates  of  the  risk  between  14  and  23  excess  cases  of 
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modified  logistic  model  applied  to  the  Mason  et ; 


•  Kjellstrom  {1977) 

O  Jarup  etal  (1988) 

X  E  tinder  et  at  (1985) 

A  Falck  et  at  (1983) 

■  Thun  el  al  (1989) 

□  Mason  etal  (1968) 

▲  Ellis  etal  (1985) 

-  -  Metabolic  Model 
— OSHA  Model  (proposed  rule) 
- Model  from  Mason  2  (final  rule) 


Background  Prevalence  of 
Tubular  Proleinura  (2.5%) 


(OumUative  Exposure  pgftnP-yr.) 
PEL  Equivalent 

cumulative  exposure  to  cadmium 
prediction  by  the  OSHA  risk 
jellstrom  metabolic  model  and  by  the 
et  al.  data. 
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VIL  Significance  of  Risk 

Introduction 

In  the  1980  benzene  decision,  the 
Supreme  Court,  in  its  discussion  of  the 
level  of  risk  that  Congress  authorized 
OSHA  to  regulate,  indicated  when  a 
reasonable  person  might  consider  a  risk 


significant  and  take  steps  to  decrease  it. 
The  court  stated: 

It  is  the  Agency's  responsibility  to 
determine  in  the  first  instance  what  it 
considers  to  be  a  “significant"  risk.  Some 
risks  are  plainly  acceptable  and  others  are 
plainly  unacceptable.  If.  for  example,  the 
odds  are  one  in  a  billion  that  a  person  will 
die  from  cancer  by  taking  a  drink  of 
chlorinated  water,  the  risk  clearly  could  not 
be  considered  significant.  On  the  other  hand, 
if  the  odds  are  one  in  a  thousand  that  regular 
inhalation  of  gasoline  vapors  that  are  2% 
benzene  will  be  fatal  a  reasonable  person 
might  well  consider  the  risk  significant  and 
take  the  appropriate  steps  to  decrease  or 
eliminate  it.  ( I.U.D .  v.  A.P.I.,  448  U.S.  et  655). 

The  Court  further  stated  that  “while 
the  Agency  must  support  its  findings 
that  a  certain  level  of  risk  exists  with 
substantial  evidence,  we  recognize  that 
its  determination  that  a  particular  level 
of  risk  is  signifi cant  will  be  based 
largely  on  policy  considerations."  The 
Court  added  that  the  significant  risk 
determination  required  by  the  OSH  Act 
is  “not  a  mathematical  straitjacket,"  and 
that  "OSHA  is  not  required  to  support 
its  findings  with  anything  approaching 
scientific  certainty."  The  Court  ruled 
that  “a  reviewing  court  [is]  to  give 
OSHA  some  leeway  where  its  findings 
must  be  made  on  the  frontiers  of 
scientific  knowledge  [and  that]  *  *  *  the 
Agency  is  free  to  use  conservative 
assumptions  in  interpreting  the  data 
with  respect  to  carcinogens,  risking 
error  on  the  side  of  overprotection 
rather  than  underprotection"  (448  U.S.  at 
655,  656). 

As  part  of  its  overall  significant  risk 
determination,  OSHA  considers  a 
number  of  factors.  These  include  the 
type  of  risk  presented,  the  quality  of  the 
underlying  data,  the  reasonableness  of 
the  risk  assessments,  the  statistical 
significance  of  the  findings  and  the 
significance  of  risk  (48  FR  1864;  January 
14, 1983). 

Cadmium  exposure  causes  a  number 
of  extremely  serious  adverse  health 
effects.  In  1971  OSHA  adopted  the  ANSI 
standard  with  a  TWA  PEL  of  100  pg/m* 
for  cadmium  fumes  and  a  TWA  PEL  of 
200  pg/m3  for  cadmium  dust  to  prevent 
the  acute  effects  caused  by  exposure  to 
cadmium  at  levels  higher  than  the  PELs. 
Since  1971,  however,  a  body  of  evidence 
has  developed  which  shows  that 
exposure  to  cadmium,  dust  or  fumes,  at 
levels  well  below  these  PELs  can  also 
lead  to  very  serious  health  effects  such 
as  kidney  dysfunction  and  cancer. 
Because  current  occupational  cadmium 
exposure  levels  generally  are  below  100 
pg/m3,  the  discussion  of  the  significance 
of  risk  not  does  emphasize  acute  health 
effects,  but  rather  focuses  exclusively  on 
two  of  the  most  common  chronic 


adverse  health  effects  related  to 
cadmium  exposure. 

As  indicated  in  the  health  effects 
section  of  this  preamble,  exposure  to 
cadmium  causes  cancer,  kidney 
dysfunction,  reduced  pulmonary 
function,  and  chronic  lung  disease 
indicative  of  emphysema.  Other  health 
effects,  such  as  improper  bone 
mineralization  also  have  been  reported. 
In  addition  to  these  major  effects  in 
humans,  studies  of  experimental 
animals  suggest  that  exposure  to 
cadmium  may  also  cause  anemia, 
change  in  liver  morphology,  decrease  in 
immunosuppression,  and  hypertension. 

As  discussed  in  the  health  effects 
section,  there  are  numerous 
epidemiologic  studies  that  show  an 
elevated  risk  of  lung  cancer  among 
cadmium  exposed  workers.  Because 
lung  cancer  is  almost  certainly  fatal, 
OSHA  considers  this  disease  to 
represent  the  greatest  material 
impairment  to  health.  A  number  of 
studies  of  workers  also  suggest  an 
association  between  occupational 
cadmium  exposures  and  increased 
deaths  from  other  types  of  cancer,  most 
notably  prostate  cancer.  However,  the 
relationship  between  cadmium  exposure 
and  prostate  cancer  is  difficult  to 
establish  on  the  basis  of  more  recent 
mortality  studies.  Most  epidemiological 
cohort  studies  of  workers  use  mortality 
rates  to  estimate  risk  of  disease,  but 
prostate  cancer  does  not  always  lead  to 
death.  Consequently,  the  mortality 
studies  probably  underestimate  the  true 
incidence  of  the  disease.  In  any  event, 
although  prostate  cancer  is  not  always 
fatal,  OSHA  nonetheless  considers  it  to 
be  a  very  serious  material  impairment  to 
health. 

Chronic  exposure  to  cadmium  is  also 
known  to  cause  renal  dysfunction.  This 
impairment  of  kidney  function  typically 
is  manifested  as  proteinuria,  a  condition 
characterized  by  an  excess  of  proteins 
in  the  urine.  Early  stage,  cadmium 
induced  proteinuria  typically  is  tubular 
proteinuria,  which  is  characterized  by 
an  excess  of  low  molecular  weight 
proteins  in  the  urine.  Chronic  exposure 
to  cadmium  may  also  cause  glomular 
proteinuria,  a  still  more  serious 
dysfunction,  characterized  by  an  excess 
of  total  proteins  in  the  urine.  The 
damage  to  the  proximal  tubules  or 
glomerulus  in  the  kidney  indicated  by 
proteinuria  is  likely  to  be  irreversible  in 
a  substantial  proportion  of  workers, 
except  in  its  very  earliest  stages. 

Because  of  the  body's  ability  to 
accumulate  and  store  cadmium  over 
long  periods  of  time,  the  loss  of  kidney 
function  may  develop  even  after  a 
reduction  or  cessation  of  external 
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cadmium  exposure.  Upon  prolonged 
exposure,  tubular  proteinuria  may 
progress  to  more  severe  forms  of  renal 
dysfunction  such  as  glycosuria, 
aminoaciduria,  phosphaturia  and 
glomular  proteinuria.  Therefore,  OSHA 
also  considers  tubular  proteinuria  to  be 
a  material  impairment  of  health.  As 
discussed  in  die  health  effects  section  of 
this  preamble,  this  conclusion  is 
consistent  with  OSHA's  analyses  and 
court  decisions  regarding  the  lead  and 
air  contaminants  standards  [FR  52952, 
11/14/78,  p.  52963;  USWA  v.  Marshal 
047  F.  2d  1189  (1980),  p.  1251;  54  FR  2332- 
2983,  01/19/89;  AFL-CIO  v.  OSHA,  Nos. 
89-7185  et  al.,  911th  Cir.  7/7/92)]. 

Long  term  exposure  to  cadmium 
appears  to  cause  other  adverse  effects 
on  the  respiratory  system  in  addition  to 
lung  cancer.  Workers  with  prolonged 
exposure  to  cadmium  dust  or  fumes 
have  exhibited  shortness  of  breath, 
impaired  pulmonary  function,  and 
chronic  lung  disease  indicative  of 
emphysema.  These  diseases  also 
constitute  material  impairment  of  health 
or  functional  capacity,  but  it  has  not 
been  possible  to  determine  a  dose 
response  relationship  between  them  and 
occupational  exposure  to  cadmium. 
Therefore,  these  diseases  were  not 
quantified  in  the  quantitative  risk 
assessment  section  of  the  standard. 

Workers  with  progressive  forms  of 
proteinuria  also  have  exhibited  adverse 
bone  effects  associated  with  improper 
bone  mineralization,  such  as 
osteoporosis  and  osteomalacia.  These 
latter  diseases  are  also  serious,  though 
not  usually  fatal.  These  diseases  also 
are  not  quantifiable  with  the  data 
available,  but  they  are  likely  to  occur  as 
a  result  of  exposure  levels  above  the  old 
permissible  limits.  The  discussion  of 
significant  risk  concentrates  on  the 
quantifiable  diseases,  cancer  and  kidney 
dysfunction.  OSHA  concludes  that  the 
risk  of  contracting  each  of  these 
diseases  from  occupational  exposure  to 
cadmium  above  the  new  PEL  is 
significant.  The  other  disease  risks 
mentioned  above,  though  not  as  readily 
quantifiable,  add  to  the  significance  of 
the  risk  presented. 

In  the  health  effects  section  above, 
OSHA  discusses  at  length  its 
assessments  of  the  various  relevant 
animal  and  human  studies,  and  in  the 
quantitative  risk  assessment  section 
above.  OSHA  discusses  in  great  detail 
its  own  and  other’s  risk  assessments  for 
cadmium,  including  the  bases  and 
criticisms  of  those  assessments. 

The  underlying  epidemiologic  and 
experimental  animal  studies  that 
provide  the  basis  for  this  quantification 
of  risk  are  of  reasonable  quality  and 
demonstrate  a  relationship  between 


cadmium  exposure,  on  the  one  hand, 
and  cancer  and  kidney  dysfunction,  on 
the  other.  There  is  a  reasonable  basis 
for  determining  the  exposed  population, 
estimating  dose,  and  excluding  other 
potentially  causal  agents  of  the 
observed  diseases.  The  Environmental 
Protection  Agency  (EPA)  has  concluded 
that  the  available  data  are  adequate  to 
quantify  the  risk  of  cancer  due  to 
cadmium  exposure.  This  is  OSHA's 
conclusion  as  well. 

Cancer 

OSHA  used  two  types  of  data  for  its 
quantitative  assessment  of  the  risk  of 
death  from  cancer.  One  is  animal  data, 
the  rat  bioassay  by  Takenaka  and 
others  (Ex.  4-67)  and  the  long  term 
bioassay  by  Oldiges  and  others  (Exs. 

12— 10— i;  12-10-h;  12-35;  8-694).  The 
other  is  human  data,  the  human 
mortality  study  by  Thun  and  others  (Ex. 
4-68).  In  its  proposal  for  its  preliminary 
quantitative  risk  assessment,  the 
Agency  relied  on  the  rat  data  for  its  best 
estimate  of  total  risk  of  cancer  death, 
because  OSHA  believed  that  the 
measures  of  exposure  were  more 
accurate  in  the  rat  study  and  because 
the  rat  study  can  be  used  to  predict  all 
cancer  deaths  attributable  to 
occupational  exposure  to  cadmium.  By 
contrast,  the  Thun  data  can  be  used  to 
predict  only  lung  cancer  deaths 
attributable  to  occupational  exposure  to 
cadmium.  This  use  of  animal  data  to 
predict  total  cancer  deaths  is  consistent 
with  risk  assessments  conducted  for 
other  standards  and  upheld  in  the 
Courts  (e.g.  ethylene  oxide). 

Nevertheless,  in  this  final  standard 
OSHA  relies  on  both  the  animal  data, 
especially  the  Takenaka  study,  and  the 
Thun  human  mortality  study  for  its 
estimate  of  excess  cancer  risk.  Each  of 
these  studies  could,  in  the  Agency's 
expert  opinion,  be  used  independently 
to  establish  the  significant  cancer  risk 
associated  with  excess  exposure  to 
cadmium.  However,  OSHA  recognizes 
that  at  the  current  state  of  the  art 
reliance  on  either  animal  or 
epidemiolgical  studies  to  determine 
human  risk  entails  its  own  set  of 
associated  problems/limitations,  and  it 
is  therefore  prudent,  where  possible,  to 
evaluate  risk  using  both  animal  and 
human  data. 

For  example,  to  determine  human  risk 
from  animal  studies  it  is  necessary  to 
extrapolate  across  species,  and  humans 
may  be  more  or  less  susceptible  than  the 
animals  studied.  Moreover,  animal 
experiments  are  typically  carried  out 
using  relatively  few  animals  (typically 
about  50  for  each  dose  and  sex  group), 
which  are  often  exposed  for  short 
periods  of  time  and  sacrificed  often 


before  cancer  may  manifest  itself.  With 
only  50  animals,  it  may  be  difficult  to 
identify  a  carcinogen  so  potent  as  one 
that  would  double  the  background 
mortality  rate  in  humans  for  lung  cancer 
(overall  age  adjusted  rate  of  64  per 
100,000  in  white  males  in  the  USA).  With 
a  doubling  of  this  rate,  the  testing  of  50 
animals  would  result  in  less  than  one 
additional  animal  per  dose  group 
developing  lung  cancer.  So,  even  in  this 
extreme  situation,  it  is  unlikely  that  an 
increased  risk  would  be  observed.  To  be 
assured  of  observing  such  an  increase  in 
cancer  risk,  the  number  of  test  animals 
would  need  to  be  tremendously 
increased.  However,  managing  large 
numbers  of  animals  is  impractical.  The 
more  managable  alternative  is  to 
increase  the  dose  of  the  material  being 
tested,  often  to  the  maximum  dose  that 
can  be  tolerated  without  causing  early 
mortality  in  the  animals  from  diseases 
other  than  cancer.  However,  in  order  to 
use  these  data  to  estimate  human  risk 
requires  another  extrapolation,  from 
high  dose  in  animals  to  low  dose  in 
humans,  which  in  turn  creates 
additional  uncertainty. 

On  the  other  hand,  epidemiological 
studies  cannot  be  controlled  nearly  as 
carefully  as  animal  studies,  and 
information  about  factors  potentially 
relevant  to  these  studies  is  typically  less 
than  complete.  Thus,  in  epidemiological 
studies  there  are  inevitably  confounding 
factors,  like  cigarette  smoking  or 
exposures  to  toxic  substances  other 
than  the  test  substance,  that  may  raise 
some  doubt  about  findings  of 
association  between  the  substance 
under  study  and  disease.  Furthermore, 
detailed,  complete,  and  accurate 
exposure  data  needed  to  precisely 
determine  dose  often  are  unavailable  in 
such  studies  and  must  be  reconstructed 
by  applying  reasonable  assumptions  to 
imperfect  available  data. 

Notwithstanding  the  respective  sets  of 
problems/limitations  that  seem  to  be 
endemic  to  animal  bioassays  and 
epidemiological  studies,  in  particular 
cases  animal  and/or  human  studies  will 
provide  the  best  available  evidence  of 
the  toxicity  of  a  substance  and  either  or 
both  may  prove  to  be  quite  reliable.  In 
relying  in  this  final  cadmium  standard 
on  both  animal  and  human  studies  to 
determine  risk,  OSHA  seeks  to  answer 
the  criticism  that  stereotypically  arises 
from  reliance  on  either  one  alone.  Thus, 
when  one  relies  on  the  Takenaka  animal 
study,  the  need  to  extrapolate  across 
species  may  be  a  problem,  but  there  is 
no  such  need  and  therefore  no  such 
problem  when  one  relies  upon  the  Thun 
study  of  cadmium  exposed  workers.  On 
the  other  hand,  when  one  relies  upon  the 
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Thun  study,  co-exposure  to  arsenic  or 
cigarette  smoking  may  be  potentially 
confounding  factors,  but  there  are  no 
such  co-exposures  and  therefore  no  such 
confounding  when  one  relies  on  the 
Takenaka  study. 

As  a  result,  to  the  extent  that  the  two 
studies  are  in  basic  agreement  about  the 
nature  and  extent  of  the  risk,  the 
concerns  generated  by  exclusive 
reliance  upon  one  type  of  study  should 
be  substantially  alleviated  by  reliance 
upon  the  other  as  well.  Such  agreement, 
OSHA  believes,  would  also  strongly 
suggest  that  the  Agency’s  risk 
determinations  for  cancer  are  realistic. 

It  is  highly  unlikely  that  such  agreement 
could  have  been  produced  by  mere 
coincidence. 

With  regard  to  its  quantitative  risk 
assessment  for  cancer  based  upon  the 
animal  data,  OSHA  has  relied  upon  the 
Takenaka  (Ex.  4-67)  and  the  Glaser/ 
Oldiges  studies  (Exs.  8-694-B;  8-094-D). 
The  Takenaka  study  involved  exposure 
of  male  rats  to  cadmium  chloride,  while 
the  Oldiges  study  involved  exposure  of 
male  and  female  rats  to  cadmium 
chloride,  cadmium  oxide,  cadmium 
sulfate,  and  cadmium  sulfide.  OSHA 
applied  the  multistage  model  and  two 
variants  of  it  to  the  ten  data  sets  from 
these  two  studies  to  estimate  excess 
lung  cancer  risk  from  an  occupational 
lifetime  (45  years)  exposure  to  each  of 
the  various  exposure  levels  for  each  of 
the  cadmium  compounds. 

OSHA  ha  8  relied  upon  the  Takenaka 
rat  study  to  derive  its  best  estimate  of 
risk  based  upon  data  from  experimental 
animals.  This  study  is  particularly 
suitable  for  quantitative  risk 
assessment,  because  exposure  levels 
were  well  documented,  the  study  was 
run  with  concurrent  controls,  there  was 
no  opportunity  for  confounding 
exposures,  and  the  route  of  exposure, 
inhalation,  is  the  same  as  the  primary 
route  of  exposure  in  occupational 
settings.  Two  possible  drawbacks  to  this 
study  raised  in  the  proposal  are  that  the 
animals  were  exposed  continuously  and 
to  cadmium  chloride.  By  contrast, 
workers  are  exposed  mostly  to  cadmium 
compounds  other  than  cadmium 
chloride  and  generally  for  eight  hours  a 
day. 

With  regard  to  the  carcinogenicity  of 
particular  cadmium  compounds, 
analyses  of  dose  response  data  for 
several  cadmium  compounds  show  a 
similar  carcinogenic  potency.  With 
regard  to  length  of  exposure,  although 
rats  in  the  Takenaka  study  were  dosed 
continuously,  and  workers  are  not, 
cancer  risk  assessments  show  a  similar 
dose  response  in  relation  to  total 
cadmium  dose,  whether  the  animals 
were  exposed  continuously  or  in  an 


exposure  pattern  simulating  the 
workplace  mode  of  exposure  (Ex.  31; 

See  also  Table  VI-6  of  the  Quantitative 
Risk  Assessment  section).  Tlius,  there 
appears  to  be  no  dose  rate  effect. 

To  quantify  risk  from  cadmium 
exposure  using  the  Takenaka  rat  data. 
OSHA  in  its  proposal  examined  five 
low-dose  extrapolation  models.  The 
choice  of  model  involves  scientific 
judgment.  There  is  no  certain  way  to 
determine  which  model  is  correct.  The 
statistics  that  allow  us  to  measure 
goodness  of  fit  cannot  provide  help  in 
judging  “best"  fit  among  the  models. 
Consequently,  the  best  (correct)  model 
must  be  chosen  on  the  basis  of  some 
other  criterion. 

OSHA  prefers  the  multistage  model  as 
its  best  model  because  the  Agency 
believes  the  multistage  model  has  the 
best  empirical  and  theoretical 
justification  of  all  the  models  for 
estimating  carcinogenic  dose-response. 
The  multistage  model  is  a  nonthreshold 
model  that  is  linear  at  low  doses.  The 
Agency  believes  that  this  model 
conforms  most  closely  to  what  we  know 
of  the  etiology  of  cancer.  OSHA’s 
preference  is  consistent  with  the 
position  of  the  Office  of  Science  and 
Technology  Policy,  which  recommends 
that  "when  data  and  information  are 
limited,  and  when  much  uncertainty 
exists  regarding  the  mechanisms  of 
carcinogenic  action,  models  or 
procedures  which  incorporate  low-dose 
linearity  are  preferred  when  compatible 
with  liiftited  information.  In  addition, 
there  was  good  general  support  during 
the  rulemaking  for  using  the  multistage 
model  to  estimate  cancer  risk  with 
animal  data. 

OSHA  applied  three  multistage 
models  to  the  data.  The  results  are 
shown  in  Table  6  of  OSHA’s  risk 
assessment.  With  the  exception  of 
cadmium  oxide  (CdO)  fume  (the  results 
which  might  be  explained  on  the  basis 
of  lower  lung  deposition)  at  an 
occupational  lifetime  (45  years) 
exposure  to  cadmium  of  100  p.g/m3,  the 
current  PEL  for  cadmium  fume,  most  of 
the  28  maximum  likelihood  estimates 
(MLEs)  for  all  of  the  cadmium 
compounds  and  for  both  male  and 
female  rats  project  excess  cancer  deaths 
well  above  100  per  1000.  Even  for  CdO 
fume,  the  excess  risk  of  death  from 
cancer  associated  with  100  p,g/m3 
ranges  from  6.8  to  37  per  1000. 

By  contrast,  with  an  occupational 
lifetime  exposure  to  the  new  PEL  of  5 
pg/m3,  the  models  project  dramatically 
reduced  risks  in  all  categories.  Thus,  the 
new  PEL  significantly  reduces  the  risk  of 
cancer  among  cadmium  exposed 
workers.  Nevertheless,  of  the  28  MLEs 
associated  with  5  pg/m3  for  the  various 


cadmium  compounds  and  models  using 
data  for  both  male  and  female  rats,  all 
but  three  project  risks  of  greater  than  5 
excess  cancer  deaths  per  thousand 
workers,  and  nearly  two-thirds  project 
15  or  more  excess  cancer  deaths  per 
thousand. 

If  OSHA  were  to  choose  a  best 
estimate  of  risk  based  upon  the  animal 
data,  for  the  reasons  presented  in  the 
preamble  to  its  proposed  cadmium 
standard  and  in  the  health  effects 
section  of  this  preamble,  it  would 
continue  to  choose  the  risks  generated 
by  applying  the  multistage  model  to  the 
data  for  CdCl*  from  the  Takenaka  study. 
Because  the  strengths  and  weaknesses 
of  that  study  have  been  vetted  in  this 
rulemaking,  OSHA  feels  assured  of  its 
reliability  and  appropriateness.  OSHA 
now  calculates  the  best  estimate  of  risk 
associated  with  a  PEL  of  5  p-g/m3  from 
this  study  to  be  15  excess  cancer  deaths 
per  thousand.  (See  Table  6  in  the 
quantitative  risk  assessment  section.) 
This  risk  is  slightly  higher  than  the  10.6 
per  1,000  risk  that  OSHA  projected  as 
the  best  estimate  in  its  preliminary  risk 
assessment  from  the  Takenaka  data. 

The  reason  for  the  difference  is  that 
OSHA  calculated  the  do3e  slightly 
differently  for  its  final  risk  assessment 
In  any  event,  both  the  estimates  of  10.6 
and  15  excess  deaths  per  thousand  are 
an  order  of  magnitude  above  risks  that  . 
previously  have  been  considered  at 
least  minimally  significant  by  OSHA. 

With  regard  to  its  quantitative  risk 
assessment  for  cancer  based  upon  the 
human  data,  OSHA  continues  to  rely 
upon  the  Thun  study  presented  in  the 
proposed  cadmium  rule.  The  cohort  has 
been  updated  to  include  six  additional 
years  of  follow-up.  As  discussed  at 
length  in  the  health  effects  section  of 
this  preamble,  OSHA  believes  that  the 
Thun  study  with  updated  information  is 
an  excellent  epidemiological  study. 
While  subject  to  the  limitations  inherent 
in  such  studies,  it  provides  a  reasonably 
reliable  basis  for  quantitative  risk 
analysis.  Furthermore,  it  is  the  only 
epidemiologic  study  available  that  has 
reliable  data  on  dose  and  it  has 
undergone  extensive  peer  review.  In 
addition,  as  discussed  in  OSHA’s 
quantitative  risk  assessment  in  this 
preamble,  extensive  additional  analyses 
of  its  data  have  been  performed  and 
several  additional  models  have  been 
used  to  model  the  data.  OSHA  further 
believes  that  the  various  challenges  to 
the  Thun  study  (Exs.  19-43;  12-41)  have 
forced  its  authors  and  others,  like 
NIOSH  and  OSHA,  who  choose  to  rely 
upon  it,  to  thoroughly  consider  and 
respond  to  the  questions  raised.  These 
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responses,  in  OSHA’s  judgment,  have 
been  more  than  adequate. 

OSHA  requested  public  comment  on 
the  uncertainties  involved  in  using  the 
Thun  et  al.,  epidemiological  data  to 
perform  its  quantitative  assessment  of 
the  cancer  risk  associated  with 
occupational  exposure  to  cadmium. 
OSHA  further  requested  public 
comment  on  how  the  Agency  might 
resolve  the  issue  of  basing  its  final 
quantitative  risk  assessment  on  either 
the  Thun  study  or  the  Takenaka  study. 
Based  upon  additional  follow-up  and 
new  analyses  of  the  Thun  cohort,  OSHA 
has  concluded  that  confounding  from 
cigarette  smoking  and  arsenic  exposure 
played  little  role  in  the  excess  of  lung 
cancer  observed  among  the  cohort 
members.  With  such  an  extended  and 
comprehensive  assessment  of  the 
strengths  and  weaknesses  of  the  Thun 
study  as  part  of  this  rulemaking,  OSHA 
feels  comfortable  with  its  reliance  on 
that  study. 

The  Thun  study  is  an  historical 
prospective  study  of  602  white  men 
employed  in  production  areas  of  a 
smelter  for  at  least  six  months  between 
1940  and  1969  and  followed  through 
1984.  It  provides  the  strongest  evidence 
of  the  carcinogencity  of  cadmium  in 
humans.  For  workers  with  two  or  more 
years  of  employment  at  the  smelter, 
mortality  from  lung  cancer  was 
statistically  significantly  elevated 
(SMR=229).  Dividing  the  cohort  of 
workers  into  those  with  low,  middle  and 
high  cumulative  exposures  to  cadmium, 
a  significant  dose-response  relationship 
between  cadmium  exposure  and  lung 
cancer  was  observed. 

The  methods  used  to  quantify  risk 
from  the  Thun  data  closely  follow  those 
used  by  EPA  (Ex.  4-04).  In  its  Fmal  risk 
assessment,  OSHA  applied  a  relative 
risk  model,  adjusted  for  Hispanic 
ethnicity,  to  the  updated  Thun  data. 
Because  the  new  estimates  are  based 
upon  more  complete  data  and  more 
reliable  quantitative  methods,  OSHA 
prefers  them  over  those  in  the  proposal. 

As  shown  in  Table  12  of  OSHA’s  final 
risk  assessment,  with  an  occupational 
lifetime  exposure  to  cadmium  at  the  new 
PEL  of  5  pg/m3,  OSHA  projects  from  the 
Thun  data  a  risk  of  three  excess  deaths 
from  lung  cancer  per  1000  workers 
based  on  the  MLE.  This  estimate  of  risk 
at  the  new  PEL  is  based  exclusively  on 
the  reduction  in  exposure  to  cadmium 
achieved  by  the  new  PEL  and  does  not 
take  into  account  the  additional  risk 
reduction  arising  from  the  ancillary 
provisions  of  this  standard.  Nonetheless, 
this  estimate  constitutes  a  95%  reduction 
from  the  comparable  estimated  risk  of 
58.3  deaths  per  thousand  at  an 
occupational  lifetime  exposure  to 


cadmium  of  100  pg/m3.  It  also 
represents  greater  than  an  85%  reduction 
of  risk  from  the  risk  at  an  occupational 
lifetime  exposure  to  40  pg/m3  and  a  75% 
reduction  of  risk  from  the  risk  at  an 
occupational  lifetime  exposure  to  20  pg/ 
m3,  both  of  which  levels  are  closer  than 
100  pg/m3  to  typical  existing 
occupational  exposure  levels  in  many 
industries  with  current  exposures  above 
5  pg/m3. 

Since  OSHA  published  its  proposed 
rule,  Dr.  Leslie  Stayner  and  others  of  the 
National  Institute  for  Occupational 
Safety  and  Health  (NIOSH)  have  also 
developed  an  independent  quantitative 
risk  assessment  based  on  the  updated 
Thun  cohort.  That  risk  assessment 
differs  in  ways  discussed  in  the  risk 
assessment  section  of  this  preamble 
from  OSHA’s  own  preliminary  and  final 
risk  assessments.  NIOSH,  in  response  to 
criticisms  of  OSHA's  risk  assessment  in 
the  cadmium  proposal  and  to 
recommendations  made  by  various 
scientists,  made  methodological 
adjustments  and  applied  three  separate 
models  to  the  Thun  data.  The  results  of 
NIOSH’s  risk  assessment  are  shown  in 
Table  9  of  OSHA’s  final  risk 
assessment. 

With  an  occupational  lifetime 
exposure  at  the  new  PEL  of  5  pg/m3, 
NIOSH  estimates  an  excess  risk  of 
death  from  cancer  ranging  from  3.9  to  5.5 
to  9.0  per  thousand  workers  for  the  Cox 
Regression  Analysis,  the  multistage 
model,  and  Poisson  Regression  model, 
respectively.  These  estimates  of  risk  are 
statistically  all  very  close  to  one  another 
and  strikingly  similar  to  OSHA’s  own, 
independently  derived  estimate  of  3 
excess  lung  cancer  deaths  per  1000 
workers. 

The  NIOSH  risk  estimates  for 
occupational  lifetime  exposure  at  the 
new  PEL,  like  the  OSHA  risk  estimates 
for  that  level,  represent  a  very 
substantial  reduction  of  risk  from  risks 
estimated  for  comparable  exposures  at 
the  higher,  currently  allowable  levels 
and  at  existing  levels.  For  example,  the 
estimated  excess  risk  at  an  occupational 
lifetime  exposure  of  100  pg/m3  ranges 
from  73  to  102.2  to  157  per  thousand 
workers  according  to  the  Cox 
Regression,  multistage,  and  Poisson 
Regression  models,  respectively.  Thus, 
under  all  three  models  the  risk  at 
5  pg/m 3  represents  a  nearly  95% 
reduction  of  risk  from  the  risk  at  100  pg/ 
m3,  a  nearly  87%  reduction  of  risk  from 
the  risk  at  40  pg/m3,  and  a  nearly  75% 
reduction  of  risk  from  the  risk  at  20  pg/ 
m3.  Again,  the  NIOSH  estimates  of  risk 
at  the  new  PEL  do  not  take  into  account 
the  additional  reductions  in  risk  arising 
from  the  ancillary  provisions  of  this 
standard.  OSHA  expects  these 


additional  reductions  to  eliminate 
significant  risk  of  cadmium  associated 
cancer  at  the  PEL  of  5  pg/m3. 

Summing  up  the  results  of  these 
various  risk  assessments  based  on 
animal  and  human  data,  all  indicate  a 
very  high  excesa  risk  of  death  from 
cancer  arising  from  an  occupational 
lifetime  exposure  to  cadmium  at  the 
current  PEL  (for  fume)  of  100  pg/m3.  All 
also  show  very  high  excess  risks  at 
levels  much  lower  than  100  pg/m3. 
Further,  the  results  based  upon  all  of  the 
models  show  a  very  high  reduction  of 
risk  associated  with  the  new  PEL  of  5 
pg/m3.  And  all  show  that  the  risk  that 
OSHA  is  seeking  to  regulate,  without 
regard  to  the  ancillary  provisions, 
remains  significant  at  least  down  to  the 
new  PEL. 

Indeed,  at  the  PEL  of  5  pg/m3  the  best 
estimate  of  excess  risk  from  the  animal 
data,  15  deaths  per  thousand,  and  all  the 
estimates  from  the  human  data,  3  per 
thousand  under  the  OSHA  model,  and 
3.9  to  9  per  thousand  under  the  NIOSH 
models  also  all  reflect  continuing 
significant  risk  without  regard  to  the 
ancillary  provisions.  If  OSHA  were 
relying  exclusively  upon  the  PEL  to 
reduce  risk  and  there  were  no  ancillary 
requirements  that  effectively  eliminated 
remaining  significant  risk  at  the  new 
PEL,  and  if  there  were  no  other 
circumstances  that  further  mitigated  the 
risk,  OSHA  might  well  have  to  set  the 
PEL  still  lower  than  5  pg/m3  if  that  were 
feasible. 

These  estimates  of  remaining  risk  at 
the  new  PEL  are  all  very  similar 
statistically.  They  are  all  within  one 
order  of  magnitude.  This  similarity  is 
even  more  striking  when  one  realizes 
that  estimates  based  on  the  animal  data 
are  for  total  cancers,  whereas,  the 
estimates  derived  from  the  human  data 
are  based  on  lung  cancer  only.  (The 
possibility  exists  that  lifetime  studies  of 
the  occupational  cohorts  might  identify 
additional  cancer  sites  in  humans 
related  to  cadmium  exposure.)  Thus, 
OSHA  feels  assured  by  these  mutually 
confirming  results  that  its  risk  estimates 
for  cancer  are  realistic  and  reasonably 
accurate.  As  stated  above,  by 
implementing  the  new  PEL  along  with 
the  ancillary  provisions  of  the  standard, 
OSHA  expects  the  significance  of  the 
risk  to  be  eliminated. 

Kidney 

For  its  final  quantitative  assessment 
of  the  excess  risk  of  kidney  dysfunction 
associated  with  occupational  exposure 
to  cadmium,  OSHA  applied  a  logistic 
regression  model  to  the  five  independent 
studies  that  have  relevant  quantifiable 
data.  These  studies,  discussed  at  length 
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in  the  health  effects  section  above  and 
analyzed  for  quantitative  estimates  of 
kidney  dysfunction  in  relation  to  dose  in 
the  quantitative  risk  assessment  section, 
were  conducted  by  Falck  and  others. 

Ellis  and  others,  Elinder  and  others, 

Jarup  and  others,  and  Mason  and  others. 
In  these  studies,  the  authors  investigated 
the  association  between  levels  of  low 
molecular  weight  proteins  in  the  urine  of 
workers  and  cumulative  occupational 
exposure  to  cadmium.  The  low 
moleculator  weight  proteins  being 
measured  are  Beta  2  microglobulin  (&- 
M)  or  retinol  binding  protein  (RPB), 
excessive  levels  of  either  of  which  are 
taken  as  indicative  of  kidney 
dysfunction, 

The  logistic  model  that  OSHA  applied 
to  the  data  from  each  study  was 
modified  from  the  model  presented  in 
the  proposal  to  take  account  of 
background  levels  of  kidney  dysfunction 
unassociated  with  occupational 
cadmium  exposure.  This  explains  why 
the  results  projected  from  the  model  in 
the  final  risk  assessment  for  the  Falck 
and  Ellis  data  sets  are  somewhat  lower 
than  those  projected  in  the  preliminary 
risk  assessment,  which  relied 
exclusively  upon  those  two  data  sets. 

In  its  final  risk  assessment  OSHA 
performed  analyses  on  seven  data  sets 
from  five  studies  using  a  modified 
logistic  model.  The  five  studies 
themselves  were  quite  different  from 
each  other  in  many  material  ways.  For 
example,  authors  chose  different  levels 
of  /3*-M  or  RPB  as  indicative  of  kidney 
dysfunction;  some  used  spot  urine 
samples,  others  used  24-hour  samples; 
and  the  number  of  subjects  in  each 
ranged  from  33  to  440.  In  part  because  of 
the  small  size  of  some  of  the  studies  and 
in  part  because  of  the  uncertainty  in 
extrapolating  results  to  low  TWA 
exposures,  some  of  the  confidence 
intervals  in  Table  19  of  the  risk 
assessment  section  are  fairly  wide. 
Considering  this  and  the  differences 
among  the  underlying  studies,  which 
doubtless  affect  the  results,  the  analyses 
produced  reasonably  consistent  results. 
Thus,  for  example,  as  shown  in  Table  19, 
all  of  the  seven  analyses  project  high 
rates  of  proteinuria  at  an  occupational 
lifetime  exposure  of  100  pg/m3  (24- 
99.8%);  all  continue  to  project  relatively 
high  rates  of  proteinuria  down  to 
exposures  as  low  as  20  pg/m3  (2.1- 
47.2%);  and  all  project  a  risk  greater  than 
one  per  thousand  at  an  exposure  of  10 
pg/m3  (2.7-234  per  thousand).  Moreover, 
at  the  new  PEL  of  5  pg/m3,  all  but  two  of 
the  analyses  show  an  excess  risk  of 
proteinuria  greater  than  1  per  thousand 
(1.9-95).  With  regard  to  those  two,  both 
show  a  risk  greater  than  two  per 


thousand  (2.7-2.S)  at  an  exposure  of  10 
pg/m3.  Thus,  even  with  regard  to  the 
two  lowest  results,  the  analyses  indicate 
a  risk  greater  than  one  per  thousand  at 
exposure  levels  somewhere  between  5- 
10  pg/m3.  Furthermore,  for  reasons 
described  in  OSHA's  risk  assessment, 
the  Agency  no  longer  considers  one  of 
the  two  studies  that  provide  the  source 
for  these  low  estimates,  the  Falck  study, 
as  reliable  a  basis  for  OSHA's 
quantitative  risk  assessment  as  the 
other  studies. 

In  the  other  six  risk  estimates,  the 
results  range  at  the  extremes  from  .37  to 
95  estimated  excess  cases  of  proteinuria 
per  1000  workers  exposed  to  cadmium  at 
5  pg/m3  for  an  occupational  lifetime. 

The  four  results  between  the  extremes 
range  between  1.9-27  cases  per 
thousand,  a  range  only  slightly  greater 
than  one  order  of  magnitude. 

From  all  the  analysis  reflected  in 
Table  19,  OSHA's  best  estimate  of  risk 
at  5  pg/m3  is  14-23  excess  cases  of 
proteinuria  per  thousand.  OSHA  arrived 
at  this  best  estimate  by  determining  the 
upper  and  lower  95%  confidence 
intervals  for  each  of  the  risk  estimates 
at  5  pg/m3  reflected  in  Table  19.  With 
the  exception  of  the  Mason  1  analysis, 
the  estimate  of  14-23  excess  cases  falls 
within  the  90%  confidence  intervals  (95% 
upper  bound  and  95%  lower  bound)  of 
the  six  data  sets  analyzed.  To  put  this  in 
other  words,  14  represents  the  highest  of 
the  95%  lower  bounds  and  23  represents 
the  lowest  of  the  95%  upper  bounds.  So 
14-23  is  within  the  90%  confidence 
intervals  for  each  of  the  six  analyses. 

For  example,  the  90%  confidence 
interval  for  )arup  1  is  8.3-23;  14-23  falls 
within  that  interval.  Similarly,  the  range 
for  Elinder  is  0-99;  14-23  falls  within 
that  interval.  This  is  true  for  Ellis,  as 
well:  The  14-23  range  falls  within  the 
90%  confidence  intervals  of  14-288. 
OSHA  therefore  believes  that  its  best 
estimate  of  14-23  excess  cases  reflects 
the  central  tendency  of  the  relevant 
data.  This  risk  estimate,  like  comparable 
estimates  for  cancer,  does  not  take  into 
account  the  additional  reduction  in  risk 
arising  from  the  ancillary  provisions  of 
the  standard.  OSHA  expects  these 
additional  reductions  to  eliminate 
significant  risk  of  cadmium  associated 
kidney  dysfunction  at  the  PEL  of  5  pg/ 
m3. 

In  response  to  a  comment  in  the 
rulemaking  (Ex.  17-D),  OSHA  also 
applied  several  types  of  models  to  the 
continuous  data  from  the  Mason  study. 
The  results  of  that  analysis  are  shown  in 
Table  21.  At  an  exposure  of  5  pg/m3, 
with  the  exception  of  the  results  for  the 
threshold  model  (Model  IV).  the  results 
are  all  greater  than  OSHA's  best 


estimates  of  14-23  cases  per  thousand 
workers.  By  contrast,  the  threshold 
model  predicts  0  risk  at  5  pg/m3,  and, 
using  the  matched  analysis,  0  risk  at  10 
pg/m3  and  even  at  20  pg/m3.  These 
analyses  provide  estimates  that  are  both 
higher  and  lower  than  the  results 
produced  by  the  other  models  and  from 
OSHA’s  best  estimates.  For  reasons 
discussed  in  OSHA's  risk  assessment, 
OSHA  gives  greater  weight  to  results 
shown  in  Table  19  of  the  quantitative 
risk  assessment  section  that  were 
derived  from  the  logistic  models 
modified  to  incorporate  background 
response. 

With  regard  to  reduction  in  risk  of 
kidney  dysfunction,  the  best  estimate  of 
risk,  14-23  per  1000,  for  occupational 
lifetime  exposure  to  cadmium  at  5  pg/m3 
represents  a  90-94%  reduction  in  risk 
from  the  lowest  estimated  risk  (242  per 
thousand)  associated  with  100  pg/m3 
based  on  the  modified  logistic  model. 

For  five  of  the  seven  data  analyses  for 
exposure  at  100  pg/m3, 14-23  represents 
greater  than  a  96-98%  reduction  in  risk. 
For  occupational  lifetime  exposures  to 
20  pg/m3,  with  the  exception  of  the 
estimates  derived  from  the  Elinder  data, 
the  14-23  best  estimate  of  occupational 
lifetime  risk  at  the  new  PEL  represents  a 
82-78%  reduction  from  the  lowest 
estimate  of  risk  (60  per  thousand).  For 
the  next  lowest  estimate  of  risk  (80  per 
thousand)  at  20  pg/m3, 14-23  represents 
greater  than  a  70-82%  reduction  in  risk, 
and  for  the  other  four  risk  estimates  (91, 
186,  236,  and  472  per  thousand)  at  20  pg/ 
m3,  the  reduction  in  risk  is  still  greater. 
Even  at  an  exposure  of  10  pg/m3,  with 
the  exception  of  the  analyses  based 
upon  the  Elinder  and  Falck  data  sets, 
the  best  estimate  of  14-23  represents  a 
4-40%  reduction  in  risk  from  the  lowest 
estimate  (24  per  thousand),  a  22-55% 
reduction  in  risk  from  the  next  lowest 
estimate  (31  per  thousand),  and  greater 
than  a  40-60%  reduction  from  the  other 
risk  estimates. 

The  conclusions  of  OSHA’s 
quantitative  analysis  of  risk  for  lung 
cancer  and  kidney  dysfunction  are 
further  supported  by  a  very  recent 
review  of  the  scientific  basis  for 
regulating  cadmium  in  the  workplace. 
The  article  (ex.  L-140-50),  which  was 
written  by  three  of  OSHA’s  expert 
witnesses  in  the  cadmium  rulemaking, 
applies  a  very  different  approach  to  the 
analysis.  The  article’s  analysis 
compares  OSHA’s  preliminary 
quantitative  risk  estimates  derived  from 
mathematical  modelling  of  data  from 
several  studies  with  the  results  derived 
from  other  models  and  with  published, 
empirical  data  on  kidney  dysfunction 
and  lung  cancer.  Although  the  authors 
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find  that  “modelling  generally  implies 
greater  certainty  than  exists  at  low 
doses  *  *  *”  they  also  find  that 
OSHA’s  risk  estimates  generally  are  in 
line  with  the  empirical  data  and  the 
results  of  other  modelling. 

With  regard  to  kidney  dysfunction,  for 
example,  the  authors  find  that  “the 
empirical  data  and  models  *  *  *  all 
show  a  similar  pattern.  The  prevalence 
of  kidney  dysfunction  increases  sharply 
at  cumulative  exposures  above  500  pg/ 
m3-year  *  *  *  .[However,  they  point 
out,]  the  studies  are  too  small  to 
estimate  prevalence  at  low[er 
cumulative]  exposures  *  *  *  It  is 
therefore  “impossible,”  the  authors 
conclude,  “to  identify  a  no-effect  level 
with  certainty.” 

For  cancer,  the  authors  find  that  the 
epidemiological  data  provide  more 
plausible  estimates  of  risk  than  the 
animal  data.  The  rat  data,  they  find, 
overpredict  risk. 

Rather  than  relying  upon 
mathematical  modelling,  the  authors 
suggest  using  a  safety  margin.  Based 
upon  the  analysis  of  both  kidney 
dysfunction  and  lung  cancer,  the  authors 
conclude  that  “occupational  exposure  to 
cadmium  should  be  controlled  as 
stringently  as  is  technically  feasible, 
with  the  PEL  not  to  exceed  5  pg/m3.” 
OSHA  finds  these  conclusions  broadly 
confirmatory  of  the  results  of  its  own 
analysis. 

Consequently,  based  upon  the  best 
estimates  of  excess  risk  associated  with 
each  of  various  occupational  lifetime 
exposures  to  cadmium,  whether  OSHA  _ 
relies  upon  the  cancer  or  the  kidney 
data,  and  in  connection  with  cancer 
whether  OSHA  relies  upon  the  animal 
data  or  the  human  data,  it  consistently 
appears  necessary  for  OSHA  to  set  the 
PEL  at  least  as  low  as  5  pg/m3. 

Even  at  the  new  PEL  of  5  pg/m3,  most 
of  the  analyses  and  all  of  the  best 
estimates  of  risk  indicate  a  continuing 
risk  of  death  from  cancer  and  cases  of 
kidney  dysfunction  somewhat  greater 
than  one  per  1000  workers.  Thus,  the 
real  problem  for  OSHA  when  it  sets  the 
PEL  at  5  pg/m3  lies  not  in  establishing 
that  the  Agency  is  regulating  a 
significant  risk.  Rather,  the  problem  lies 
in  establishing  that,  to  the  extent 
feasible,  the  PEL  should  not  be  set  still 
lower  in  order  to  eliminate  what 
appears,  without  regard  to  the 
reductions  in  risk  arising  from  the 
ancillary  provisions  of  this  standard  and 
other  factors,  to  be  a  continuing 
significant  risk. 

OSHA  thinks  the  decision  to  set  the 
PEL  no  lower  than  5  pg/m3  involves 
complex  policy  determinations  that 
draw  upon  OSHA’s  experience  and 
expertise  and  also  reflect  a  delicate 


balancing  of  counterveiling  factors.  The  / 
reasons  for  the  decision  are  wide 
ranging. 

First,  OSHA  fully  expects  the  medical 
surveillance  and  other  requirements  in 
the  standard  ancillary  to  the  PEL  (e.g., 
MRP,  action  level,  regulated  areas, 
training,  etc.)  to  substantially  lower  the 
risk  of  kidney  dysfunction  and  the  risk 
of  cancer  from  the  estimates  in  the  risk 
assessment.  Although  OSHA  cannot 
quantify  the  reductions  in  risk  that  may 
be  expected  from  these  and  other 
similar  provisions  of  the  standard, 

OSHA  believes  that  the  effect  of 
including  the  ancillary  provisions  in  the 
final  standard  will  eliminate  the 
remaining  significant  risk  estimated  at 
the  new  PEL. 

Second,  industry  has  stated  that  the 
best  way  to  assure  that  the  new  PEL  will 
be  met  consistently  is  for  industry  to 
implement  work  practice  and 
engineering  controls  to  achieve  a  mean 
exposure  considerably  below  5  pg/m3 
(Ex.  144-6).  Some  industries  maintain 
that  it  would  be  best  to  establish  a  mean 
40%  below  the  PEL.  When  these  levels 
are  achieved,  much,  if  not  most  of  the 
time  exposure  levels  will  be  controlled 
to  below  5  pg/ p3.  As  a  consequence,  the 
risk  estimated  at  an  occupational 
lifetime  exposure  level  of  5  pg/m3  will 
overstate  the  actual  risk,  which  would 
decline  linearly. 

Third,  well  over  half  the  exposed 
workforce  already  is  exposed  below  the 
new  PEL,  so  that  the  actual  risk  to  these 
employees  already  is  below  the  risk 
estimated  for  an  occupational  lifetime 
exposure  at  that  PEL. 

Fourth,  the  vast  majority  of  exposed 
employees  work  in  industries/ 
occupations  where  cadmium  and  its 
compounds  are  not  the  primary  product 
produced  or  processed.  Of  these 
employees,  most  are  not  exposed  above 
5  pg/m3.  Of  the  remainder  who  are 
currently  exposed  above  5  pg/m3,  most 
are  exposed  only  intermittently  and  will 
continue  to  be  exposed  only 
intermittently.  Their  cumulative 
exposure  will  be  lower  than  the 
cumulative  exposure  used  to  derive  the 
estimated  risks,  which  are  based  upon 
an  assumption  that  the  employee  is 
exposed  to  a  TWA  exposure  at  5  pg/m3 
for  eight  hours  every  day.  With  a  lower 
cumulative  exposure,  the  actual  risk  for 
employees  intermittently  exposed  at  5 
pg/m3  will  be  lower  than  the  estimated 
risk. 

Fifth,  OSHA  has  already  made  an 
important  policy  decision  to  sever  the 
PEL  from,  and  set  it  lower  than  the 
separate  engineering  control  air  limit(s) 
(SECAL(s))  for  six  of  the  cadmium 
producing/processing  industries,  which 
is  set  at  15  pg/m3  and/or  50  pg/m3 


because  of  feasibility  constraints.  In 
setting  the  PEL  that  low,  OSHA  has 
inevitably  required  a  substantial  number 
of  employees  to  wear  respirators  full 
time.  OSHA  did  this  with  serious 
reservations  about  the  advisability  of 
requiring  full  time  respirator  use  and  in 
the  face  of  a  NIOSH  recommendation 
against  requiring  such  use  (Ex.  57). 

OSHA  understands  that  full  time 
respirator  usage  poses  certain  safety 
and  health  risks  but,  on  balance,  has 
decided  that  the  risks  of  not  requiring 
some  protection  for  employees  from 
airborne  cadmium  levels  above  5  pg/m3 
are  more  serious  than  those  attaching  to 
full  time  respirator  use. 

However,  the  vast  majority  of 
employees  exposed  to  cadmium  do  not 
work  in  industries  to  which  a  SECAL 
applies.  For  them,  the  PEL  is  set  at  or 
very  close  to  the  limits  of  feasibility.  If 
OSHA  were  to  set  the  PEL  still  lower 
than  5  pg/m3,  large  numbers  of 
additional  employees  would  have  to 
wear  respirators  full  time.  OSHA  is 
loathe  to  go  further  in  this  direction, 
especially  since  the  actual  risk  to 
employees  under  the  new  PEL  in 
practice  is  likely  to  be  considerably  less 
than  the  estimated  risk.  For  all  these 
reasons,  OSHA  has  exercised  its 
professional  judgment  and  discretion  in 
determining  that  the  PEL  for  cadmium 
shall  be  established  at  5  pg/m3.  As  a 
result,  OSHA  concludes  that  its 
cadmium  standard  will  protect 
employees  and  that  employers  who 
comply  with  the  provisions  of  the 
standard  will  be  taking  reasonable  steps 
to  protect  their  employees  from  the 
hazards  of  cadmium. 

OSHA’s  conclusion  that  the  risk  of 
death  from  cancer  and  the  risk  of  kidney 
dysfunction  resulting  from  exposure  to 
cadmium  at  100  pg/m3  over  a  working 
lifetime  are  both  significant  is  consistent 
with  OSHA’s  determination  of 
significance  of  risk  at  the  previously 
existing  TWA  PELs  for  two  carcinogens. 
The  two  carcinogens  are  inorganic 
arsenic  (Jan  14, 1983;  48  FR  1884, 1986) 
and  ethylene  oxide  (Apr.  21, 1983;  48  FR 
17284).  The  risk  estimates  per  1000 
employees  for  a  working  lifetime 
exposure  at  the  prior  PEL  to  these 
carcinogens  ranged  from  148  to  425  lung 
cancer  deaths  from  inorganic  arsenic 
and  from  63  to  109  cancer  deaths  from 
ethlyene  oxide. 

In  addition,  for  both  carcinogens, 
OSHA  concluded  that,  if  it  were 
feasible,  OSHA  would  seek  to  further 
reduce  the  predicted  remaining  risk  at 
the  new  PELs.  That  remaining  excess 
risk  of  death  for  a  working  lifetime 
exposure  per  1,000  workers  was  8  for 
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inorganic  arsenic  and  1  to  2  for  ethylene 
oxide. 

Further  guidance  for  the  Agency  in 
evaluating  significant  risk  is  provided  by 
an  examination  of  occupational  risk 
rates,  legislative  intent,  and  language  of 
the  Supreme  Court  of  the  United  States. 
For  example,  in  the  high  risk 
occupations  of  mining  and  quarrying 
(Division  B),  the  average  risk  of  death 
from  an  occupational  injury  or  an  acute 
occupationally-related  illness  from  a 
lifetime  of  employment  (45  years)  is  15.1 
per  1,000  workers.  Typical  occuptional 
risks  of  deaths  for  all  manufacturing 
(Division  D)  are  1.90  per  1,000.  Typical 
lifetime  occupational  risk  of  death  in  an 
occupation  of  relatively  low  risk,  like 
retail  trade,  is  0.82  per  1,000  (Division 
G).  (These  rates  are  averages  derived 
from  1989-1990  Bureau  of  Labor 
Statistics  data  for  employers  with  11  or 
more  employees,  adjusted  to  45  years  of 
employment,  for  50  weeks  per  year.) 

There  are  relatively  few  data  on  risk 
rates  for  occupational  cancer,  as 
distinguished  from  occupational  injury 
and  acute  illness.  The  estimated  cancer 
fatality  rate  from  the  maximum 
permissible  occupational  exposure  to 
ionizing  radiation  is  17  to  29  per  1,000 
(47  years  at  5  rems;  Committee  on 
Biological  Effects  of  Ionizing  Radiation 
(BEIR)  111  predictions).  However,  most 
radiation  standards  require  that 
exposure  limits  be  reduced  to  the  lowest 
level  reasonably  achievable  below  the 
exposure  limit  (the  ALARA  principle). 
Consequently,  approximately  95%  of 
radiation  workers  have  exposures  less 
than  one-tenth  the  maximum  permitted 
level.  The  risk  at  one-tenth  the  permitted 
level  is  1.7  to  2.9  per  1,000  exposed 
employees. 

Congress  passed  the  Occupational 
Safety  and  Health  Act  of  1970  because 
of  a  determination  that  occupational 
safety  and  health  risks  were  too  high. 
Congress  therefore  gave  OSHA 
authority  to  reduce  above-average  or 
average  risks  when  feasible.  In 
discussing  the  level  of  risk  that  Congress 
authorized  OSHA  to  reduce,  the 
Supreme  Court  stated  that  "if  the  odds 
are  one  in  a  thousand  that  regular 
inhalation  of  gasoline  vapors  that  are  2% 
benzene  will  be  fatal  a  reasonable 
person  might  well  consider  the  risk 
significant  and  take  the  appropriate 
steps  to  decrease  or  eliminate  it."  ( I.U.D . 
v.  A.P.I.,  448  U.S.  et  655). 

Within  this  context,  OSHA’s  best 
estimates  of  risk  from  occupational 
exposure  to  cadmium  at  the  current 
TWA  PELs  are  substantially  higher  than 
other  risks  that  OSHA  has  concluded 
are  significant,  are  substantially  higher 


than  the  risk  of  fatality  in  high-risk 
occupations,  and  are  substantially 
higher  than,  the  example  presented  by 
the  Supreme  Court.  Consequently, 

OSHA  concludes  that  its  best  estimates 
of  risk  associated  with  the  current  TWA 
PEL  of  100  jxg/m*  are  significant.  Based 
on  this  reasoning,  OSHA’s  best 
estimates  of  risk  remain  significant 
down  to  levels  as  low  as  the  new  PEL  of 
5  pg/m*.  As  previously  stated,  these 
estimates  do  not  take  into  account  the 
additional  reductions  in  risk  that  are 
attributable  to  the  ancillary  provisions 
of  the  cadmium  standard,  which  OSHA 
fully  expects  will  eliminate  any 
remaining  significant  risk  at  the  new 
PEL. 

VIII.  Regulatory  Impact  Analysis 
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A.  Executive  Summary 
Introduction 

Consistent  with  the  requirements  of 
Executive  Order  12291,  OSHA  has 
conducted  a  regulatory  impact  analysis 
(RIA)  for  the  final  cadmium  rule.  The 
analysis  is  based  on  the  evidence  in  the 
record  compiled  through  the  rulemaking 
process.  A  preliminary  analysis 
accompanied  the  proposed  cadmium 
rule  [55  FR  4052],  and  OSHA  solicited 
responses  from  the  public  regarding  the 
proposed  rulemaking,  its  estimated 
potential  impacts,  and  other  relevant 
information. 

Many  interested  parties  contributed 
comments  and  data  to  the  record  which 
provided  substantial  evidence  for  the 


development- and  analysis  of  the  final 
rule.  Public  participation  in  the 
rulemaking  process  enabled  possible 
effects  to  be  identified  and  appropriate 
consideration  to  be  given  to  the 
concerns  and  views  of  those  potentially 
affected. 

The  RIA  covers  several  issues 
involved  in  the  promulgation  of  the  final 
standard.  The  industries  potentially 
affected  are  identified,  and  the  nature  of 
the  affected  firms,  the  market  structure, 
the  characteristics  of  supply  and 
demand,  and  the  financial  aspects  are 
evaluated.  The  numbers  of  employees 
potentially  exposed,  the  level  and 
duration  of  exposures,  the  nature  of 
existing  controls  and  work  practices, 
and  the  extent  of  current  compliance 
with  the  requirements  of  the  standard 
are  ascertained. 

The  analysis  then  establishes  the 
changes  that  would  be  necessary  to 
comply  with  the  requirements  of  the 
standard,  and  the  corresponding  costs 
and  benefits  are  presented.  In  addition,  _ 
determinations  of  the  technological  and 
economic  feasibility  of  the  standard  are 
made.  Finally,  the  potential  total  costs 
and  benefits  of  the  rule  are  estimated  by 
provision  and  by  industry. 

The  following  pages  summarize  the 
conclusions  of  the  RIA.  This  summary 
includes  sections  on  the  industry  profile, 
employee  exposures  and  benefits, 
technological  feasibility  and  costs  of 
compliance,  and  economic  impacts. 

Industry  Profile 

Due  to  the  ubiquitous  nature  of 
cadmium  and  its  usefulness  in  a  wide 
variety  of  applications,  the  revised 
cadmium  standard  potentially  affects 
establishments  in  many  different 
industries.  In  some  industries  cadmium 
is  an  integral  part  of  the  manufacturing 
process;  in  other  industries  cadmium- 
containing  products  may  be  used  in  the 
production  of  various  goods;  and 
additional  industries  may  be  potentially 
affected  if  trace  amounts  of  cadmium 
naturally  present  in  some  materials 
become  airborne. 

Table  VIII-Al  lists  the  industries 
potentially  affected  by  this  rulemaking 
and  the  estimated  number  of  employees 
potentially  exposed  in  each  industry.  In 
most  industries  the  number  of 
potentially  exposed  employees 
represents  a  small  part  of  the  total  work 
force.  For  example,  exposures  may 
occur  during  chemical  mixing  or  during 
welding,  but  these  activities  may 
comprise  only  one  step  in  a  complex 
manufacturing  process. 
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Table  Vtll-AI . — Industries  and  Num-  Table  Vtll-AI.— Industries  and  Num¬ 
bers  of  Employees  Potentially  Af-  bers  of  Employees  Potentially  Af¬ 
fected  by  the  Revised  Cadmium  fected  by  the  Revised  Cadmium 

Standard  Standard— Continued 


Industry 


Potentially 

exposed 

employees 


Specific  sectors: 


Nickel-cadmium  batteries _ 

Zinc/cadmium  refining _ 

Cadmium  pigments . . . . 

Dry  color  formutators _ 

Cadmium  stabilizers _ 

Lead  smelting/refining . . 

Cadmium  plating . . 

Electric  utilities _ 

Iron  and  steel _ 


1,500 

1,350 

100 

7,000 

200 

400 

1,200 

37,500 

40,000 


General  industry,  except  sectors 


above: 

2200 

2300 

Textile  mill  products . 

Apparel . „ . 

2500 

Furniture . . 

2600 

Paper  products . . 

,2700 

2810 

Printing  and  publishing . . 

2820 

2830 

Drugs . 

2851 

2860 

Paints  &  allied  products . 

Organic  chemicals . 

2870 

2890 

2900 

Agricultural  chemicals _ _ _ 

Miscellaneous  chemicals . 

Petroleum  refining. . . . 

3000 

Rubber  &  plastic  prod.  _ 

3100 

Leather  products . . 

3211 

Flat  glass . 

3220 

Glassware . 

3250 

Structural  clay  products—  _ 

3260 

Pottery  products .  — . 

3270 

Concrete  products . 

3280 

Stone  products . . 

3290 

Mineral  products _ _ 

3313 

Alloy  products..  _ 

3315 

Steel  wiredrawing . . . . . 

3316 

Cold-rolled  steel . 

3317 

Steel  pipe  and  tubes 

3320 

3330 

3340 

3350 

Iron  and  steel  foundries _ 

Primary  nonferrous  metals . 

Secondary  nonferrous  mtts . 

Nonferrous  rolling,  etc . 

3360 

3390 

Nonferrous  foundries _ 

Misc.  primary  metal . 

3410 

3420 

Metal  shipping  containers  - . 

Hand  tools  &  hardware . 

3430 

3440 

3450 

Heating  &  plumbing  equip . 

Fabricated  struct,  metal . 

Screws,  etc . 

3460 

Forgings  8  stampings . 

3470 

Coating  and  engraving . 

3480 

Ordnance . 

3490 

Misc.  fabr.  metal  prod . 

3510 

3520 

3530 

3540 

3550 

3560 

3570 

3580 

Engines  and  turbines _ 

Farm  and  garden  machinery... 

Construction  machinery _ 

Metalworking  machinery . . 

Special  machinery _ 

General  machinery _ 

Computer  &  office  equip. _ 

3590 

3610 

3620 

3630 

3640 

Miscellaneous  machinery _ 

Elec,  transmission  equip . 

Electrical  apparatus . . 

Household  appliances . . 

Lighting  and  wiring . . . . 

3650 

Audio  &  video  equip . 

3660 

3670 

3690 

Communications  equip . 

Electronic  components . 

Misc  elect  equip . . 

3710 

Motor  vehicles . 

3720 

Aircraft . 

3730 

Ship  building . „ . 

3743 

Railroad  equipment . 

411 

201 

1,232 

195 

1,600 

195 

870 

50 

4,724 

2,533 

2,507 

1024 

807 

11,133 

902 

2029 

2,423 

174 

624 

200 

899 

488 

500 

37 

400 

10,808 

1300 

750 

3,135 

10022 

285 

140 

2,761 

1,186 

17,065 

868 

612 

200 

265 

9,071 

3036 

199 

10,453 

16,127 

6333 

11333 

1,600 

14,180 

19315 

6388 

12,460 

7,586 

13366 

3021 

17,886 

15.412 

350 

18,032 

2,776 

7,907 

1,458 


Industry 

Potentially 

exposed 

employees 

3760  Missiles  &  space  vehicles _ 

OCA 

3790  Misc  trans.  equip. _ 

119 

3812  Detection  equipment,  etc _ 

67 

3820  Meas.  4  contr.  instr _ 

216 

3840  Medicat  instruments . 

337 

3860  Photographic  equipment _ 

669 

3870  Watchas  &  clockwork _ 

173 

3910  Jewelry  4  plated  ware _ 

79 

3930  Musical  instruments . . 

16 

3940  Toys  and  sporting  goods. . . 

1,004 

3950  Artists'  materials . 

50 

3960  Costume  jewelry  4  notions _ 

29 

3990  Misc  manufacturing . _ . . 

2.749 

401 1  Railroads . .. . 

23 

4200  Motor  freight  4  warehsing„ . 

586 

4500  Air  transportation . 

52.147 

4810  Telephone  communications— 

2,474 

4830  Radio  4  TV  broadcasting _ 

149 

4920  Gas  prod.  4  dist _ 

1,213 

4950  Sanitary  services _ 

5,204 

5000  Wholesale  trade,  durables . 

690 

5100  Wholesale  nondurables - 

3,080 

5500  Service  stations _ 

538 

7530  Automotive  repair  shops _ 

3,194 

7600  Misc.  repair  services _ 

3,494 

8060  Hospitals . _ 

277 

Construction..  „  _ _ _ 

70,000 

Total . . „ . .  . 

524*16 

Source:  Office  of  Regulatory  Analysis.  OSHA,  U.S. 
Department  of  Labor. 


Potentially  affected  industries  include 
the  production  of  various  kinds  of 
chemicals;  paints  and  coatings;  rubber 
and  plastic  products;  iron  and  steel; 
nonferrous  metals;  machinery  and  other 
metal  products;  electrical  equipment; 
and  miscellaneous  manufacturing, 
repair,  and  service  operations. 

Reflecting  the  emphasis  of  the  public 
comments  submitted  to  the  record  and 
other  considerations,  particular 
attention  was  given  to  several  specific 
industry  sectors.  These  include  nickel- 
cadmium  batteries,  zinc  and  cadmium 
refining,  cadmium  pigments,  cadmium 
stabilizers,  lead  smelting  and  refining, 
mechanical  and  electroplating,  color 
compounders  and  formulators,  electric 
utilities,  and  iron  and  steel  production. 

In  addition,  approximately  70,000 
employees  in  the  construction  industry 
may  be  exposed  to  cadmium  primarily 
during  welding  operations. 

Employee  Exposures  and  Benefits 

Mean  exposures  among  most 
employees  potentially  exposed  are 
generally  less  than  5  pg/m*.  Over  half  of 
the  potentially  exposed  employees  are 
engaged  in  welding,  metal  machining,  or 
repair  and  utility  work.  In  these 
operations  cadmium  is  usually  only 
present  in  trace  quantities  and  the  work 
may  be  intermittent.  As  a  result. 


exposures  are  typically  less  than  2.5  pg/ 
m3. 

However,  exposures  for  some 
employees  may  be  significantly  higher, 
depending  on  the  nature  and  duration  of 
the  activity  and  the  type  of  material 
involved.  Elevated  exposures  can  be 
expected  when  dusts  or  fumes  are 
generated  from  alloys  and  other 
products  containing  significant 
concentrations  of  cadmium,  from  metals 
coated  with  cadmium,  or  from  cadmium¬ 
bearing  dusts  on  work  surfaces.  Such 
situations  may  occur  when  mixing  or 
using  cadmium-containing  chemicals; 
operating  furnaces  or  kilns  with 
cadmium-containing  materials; 
machining,  welding,  brazing,  or 
soldering  metals  containing  cadmium; 
using  paints  containing  cadmium 
pigments;  and  maintaining  or  repairing 
equipment  involving  cadmium-bearing 
dusts,  such  as  pollution  control  devices 
or  boilers  with  fly  ash. 

In  industry  sectors  where  cadmium  is 
a  primary  component  of  the  production 
process,  exposures  may  be  consistently 
above  5  pg/m3  for  much  of  the  work 
force.  lob  categories  with  mean 
exposures  above  20  pg/m3  can  be  found 
in  the  production  of  nickel-cadmium 
batteries,  in  zinc  and  cadmium  refining, 
and  in  the  production  of  cadmium 
pigments  and  stabilizers. 

The  number  of  cases  of  hmg  cancer 
and  kidney  dysfunction  attributable  to 
cadmium  exposure  among  the  exposed 
employees  was  calculated  based  on  the 
quantitative  risk  assessments  (QRAs) 
discussed  in  a  separate  section  of  the 
preamble.  The  QRAs  produce  dose- 
response  relationships  which  provide 
estimates  of  the  excess  risk  of  each  type 
of  health  effect  corresponding  to 
different  levels  of  exposure. 

The  QRAs  for  lung  cancer  and  kidney 
dysfunction  were  applied  to  the  number 
of  employees  and  the  exposure  level  in 
each  job  category  to  determine  the 
number  of  excess  cases  attributable  to 
current  exposures.  The  calculation  was 
repeated  using  the  projected  exposure 
levels  estimated  to  be  achieved  under 
compliance  with  the  final  cadmium 
standard;  the  difference  determined  the 
number  of  cases  potentially  preventable 
by  the  standard. 

Based  on  four  risk  models  developed 
by  OSHA  Health  Standards,  compliance 
with  the  reduced  exposure  limit  is 
expected  to  prevent  from  9  to  27  cancer 
fatalities  each  year  out  of  13  to  40 
excess  cancer  fatalities  currently  taking 
place.  Within  this  range,  OSHA’s 
Multistage  Model  predicts  17  to  18 
cancers  avoided  annually  out  of  25 
excess  cancer  fatalities.  Based  upon  the 
risk  models  for  kidney  dysfunction,  the 
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rule  should  prevent  from  88  to  112 
kidney  dysfunction  cases  out  of  97  to 
160  excess  kidney  dysfuntion  cases, 
annually.  For  a  single  estimate  within 
this  range,  the  Jarup  1  model  estimates 
78  kidney  dysfunction  cases  avoided 
each  year  out  of  a  total  111  excess 
cases.  The  reductions  would  apply  to 
risks  associated  with  cumulative 
exposures  over  a  working  lifetime,  and 
thus  the  annual  benefits  would  be 
phased  in  over  45  years. 

Technological  Feasibility  and  Costs  of 
Compliance 

Compliance  with  the  revised  cadmium 
standard  is  considered  technologically 
feasible  for  each  of  the  affected 
industries.  The  standard  requires 
engineering  controls  to  be  implemented 
to  the  extent  feasible  and  allows  the 
supplemental  use  of  respirators  for 
achieving  the  PEL  Respirators  are 
capable  of  providing  the  protection 
required  by  the  revised  standard  for  the 
exposures  encountered  in  each  of  the 
affected  industries. 

In  almost  all  industries  the  application 
of  appropriate  engineering  controls  and 
work  practices  can  keep  cadmium 
exposures  below  the  PEL  for  most 
employees  most  of  the  time.  In  some 
industries  respirators  may  be  necessary 
in  some  operations,  but  the  number  of 
employees  affected  would  typically 
represent  a  small  part  of  the  total  work 
force.  Overall,  an  estimated  40,000  of  the 
524,000  employees  exposed  may  require 
respiratory  protection  after  the 
implementation  of  feasible  engineering 
controls. 


In  a  few  specific  industry  sectors  a 
majority  of  the  employees  may  be 
required  to  wear  respirators  to  comply 
with  the  cadmium  standard.  About  25 
establishments  in  the  U.S.  are  involved 
in  nickel-cadmium  battery  production, 
zinc,  cadmium,  or  lead  refining,  or  the 
production  of  cadmium  pigments  and 
stabilizers.  About  4,000  employees  are 
exposed  to  cadmium  in  these 
establishments,  and  many  are  currently 
provided  with  respiratory  protection. 
Compliance  with  the  cadmium  standard 
may  require  up  to  80  percent  of  the 
workers  in  these  plants  to  wear 
respirators  full  time. 

For  six  industry  sectors  (nickel- 
cadmium  batteries,  zinc/cadmium 
refining,  pigments,  stabilizers,  lead 
smelting/refining,  and  cadmium  plating) 
in  which  the  evidence  on  current 
exposures  and  the  effectiveness  of 
additional  controls  indicated  that  the 
PEL  of  5  pg/m*  is  not  feasible  with 
engineering  controls,  separate 
engineering  control  air  limits  (SECALs) 
were  specified.  In  order  to  identify  the 
appropriate  SECAL  levels  for  employees 
in  these  industries,  a  process  by 
industry  methodology  was  adopted.  * 
High  and  low  exposure  processes  were 
analyzed  separately  to  avoid  producing 
an  overall  SECAL  which  may  not  be 
relevant  to  either  group.  Table  VHI-A2 
shows  the  SECAL  levels  identified  for 
these  industries,  and  Table  VIII-A3 
provides  a  distribution  of  employees  by 
SECAL  or  PEL  level  in  each  sector. 

Compliance  costs  for  each  of  the 
provisions  of  the  standard  were 
estimated  for  each  industry.  These  costs 


are  summarized  in  Table  VIII-A4.  The 
cost  of  engineering  controls  was 
determined  by  evaluating  the  additional 
engineering  controls  which 
establishments  would  introduce  in  each 
affected  industry.  The  unit  costs  of 
feasible  controls,  the  number  of 
additional  controls  necessary,  and  the 
expected  effectiveness  of  the  controls 
were  estimated  based  on  the  evidence  in 
the  record.  Costs  for  engineering 
controls  comprise  the  largest  part  of  the 
total  compliance  costs  and  represent  an 
estimated  $82.5  million  on  an  annualized 
basis. 

In  addition,  the  estimated  annual 
costs  of  compliance  include  costs  for 
respiratory  protection  ($13.5  million), 
exposure  monitoring  ($8.6  million), 
medical  surveillance  ($19.8  million), 
hygiene  facilities  and  practices  ($56.5 
million),  and  information,  training,  and 
record  keeping  ($6.8  million).  The  total 
estimated  annualized  cost  of  the 
standard  is  approximately  $187.7 
million. 

Economic  Impacts 

Based  on  the  evidence  in  the  record. 
OSHA  has  determined  that  compliance 
with  the  final  cadmium  standard  is 
economically  feasible  in  each  of  the 
affected  industries. 

Table  VIII-A5  summarizes  the 
economic  impacts  for  the  industries 
affected  by  this  rulemaking.  For  most 
industries,  the  standard  affects  a  limited 
number  of  activities  and  the  costs  of 
compliance  represent  less  than  0.1 
percent  of  revenues. 


Table  VIII-A2.— SECALs  for  Processes  in  Selected  Industries 


\ " 
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Table  VIII-A3. — Distribution  of  Exposed  Employees  in  High  Exposure  Industries— Continued 


PEL/SECAL  (fig/m*) 

Batteries 

Zinc/Cadmium 

Pigments 

Stabilizers 

Lead 

Plating 

Totals 

High 

,  Low 

High 

!  Low 

High 

i  Low 

High 

Low 

High 

-  Low 

i  High 

!  Low 

SECAL: 

50  jig/ms . 

375 

202 

60 

50 

60 

747 

1,285 

15  pg/m* . 

1,125 

40 

120 

Total . 

2,032 

4,750 

Table  VHI-A4.— Summary  of  Compliance  Costs  by  Provision  and  by  Industry 

[Thousands  o!  Dollars] 


Industry 

Number 

of 

affected 

estab¬ 

lishments 

Engi¬ 

neering 

controls 

Respi¬ 

rators 

Expo¬ 

sure 

moni¬ 

toring 

Medical 

surveS- 

lance 

Hy¬ 

giene/ 

doth- 

ing 

Informa¬ 

tion, 

training. 

rcdkpg. 

Total 

Batteries . . . . 

661 

180 

16 

388 

495 

8 

1.947 

1.723 

Zinc/cadmium . . . 

728 

150 

17 

363 

459 

5 

Pigments . 

312 

12 

10 

35 

104 

1 

473 

Formula  tors . . . 

525 

914 

1.277 

0 

36 

7371 

Stabilizers  

5 

12 

11 

36 

50 

1 

935 

1 

60 

3 

106 

O 

2 

283 

6 

166 

102 

IL 

30 

787 

0 

1,600 

600 

■on 

188 

2,388 

Iron/steel _ _ _ _ _ _ _ _ _ _ 

300 

288 

1.000 

Bo 

50 

1.638 

Subtotal . . . . . 

5,244 

7,647 

1,245 

3,025 

3,907 

1,402 

319 

17,545 

50,000 

74^20 

11.855 

2,754 

13312 

50,937 

5.737 

15931! 

10,000 

0 

350 

2,870 

2,380 

4,203 

700 

10,503 

Total . „ . . .   

65,244 

82,467 

13,450 

8,649 

19,799 

56342 

6,756 

187,66. 

Note:  Costs  do  not  include  current  expenditures. 

Source:  Office  of  Regulatory  Analysis,  OS  HA,  U.S.  Department  of  Labor. 


Table  VII I-A5.— Summary  of  Economic  Impacts  by  Industry 

[Thousands  of  Dollars] 


Industry 

Number  of 
affected 
establishments 

Total  annual 
costs  of 
compliance 

Average 
annual  cost 
per  affected 
establishment 

Total  annual 
revenues 

Ratio  of 
compliance 
costs  to 
revenues 

Total  annual 
profits 

Ratio  of 
compliance 
costs  to  profits 

Batteries . „ . 

6 

1,947 

324.5 

185,000 

0.011 

7,400 

0.263 

Zinc/cadmium . 

5 

1,723 

344.6 

230,000 

0.007 

NA 

NA 

4 

473 

118.4 

30,000 

0016 

1.500 

0.316 

700 

7370 

10.5 

900,000 

0.008 

45,000 

0.164 

5 

935 

187.1 

92,000 

0.010 

8,300 

0.113 

4 

283 

70.7 

176,000 

0002 

NA 

NA 

400 

787 

2.0 

200,000 

0.004 

8300 

0.089 

4  000 

2368 

03 

140  000,000 

0.000 

7,000,000 

0.000 

120 

1338 

13.7 

64300300 

0.000 

NA 

NA 

Subtotal . 

5,244 

17,545 

3  3 

205313,000 

0.000 

7,071,000 

0.002 

50!000 

169315 

3.2 

290,820,000 

0.001 

14,731,000 

0.011 

10,000 

1.1 

490.000 

0321 

NA 

NA 

Total . 

65,244 

187.663 

2.9 

497,123,000 

_ 

0.000 

21302.000 

0.009 

Note:  (1)  Costs  do  not  Include  current  expenditures. 

(2)  Where  sales  or  profit  data  provided  to  the  record  for  specific  companies  or  industries  were  used,  the  information  was  verified  through  publicly  available 
sources  such  as  Dun  &  Bradstreet,  DIALOGUE,  Dow  Jones  News  Retrieval,  and  Nexis. 

Source:  Office  of  Regulatory  Analysis,  OSHA,  U.S.  Department  of  Labor. 


The  compliance  costs  are  generally 
expected  to  result  in  slight  increases  in 
prices  for  goods  and  services  associated 
with  occupational  cadmium  exposures. 

In  some  industries  price  increases 
needed  to  recoup  compliance  costs  may 
decrease  sales  volume.  For  these 
establishments  the  standard  may  result 


in  some  reduction  in  profits.  OSHA  does 
not  expect  the  standard  to  significantly 
affect  the  viability  of  continuing 
operations  in  any  industry  or  to  result  in 
any  plant  closures.  However,  to  the 
extent  that  compliance  costs  contribute 
marginally  to  increased  production 
Costs,  prospects  for  economic  expansion 


and  employment  growth  in  industries 
with  cadmium  exposure  may  be 
diminished. 

Basically,  the  regulation  tends  to  trade 
some  of  the  societal  benefits  of 
producing  and  using  products  containing 
cadmium  for  greater  protection  among 
exposed  employees.  Compliance  with 
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the  standard  ultimately  causes 
production  resources  to  be  shifted  from 
the  regulated  industries  and  from  other 
sectors  of  the  economy  to  compliance- 
related  activities.  Although  the  overall 
effect  on  the  economy  will  probably  be 
undetectable,  a  very  slight  increase  in 
prices  may  result  from  the  improvement 
in  the  protection  of  the  health  of 
employees  exposed  to  cadmium. 

B.  Discussion  of  Technological  and 
Economic  Feasibility  Determinations 

Introduction 

The  Occupational  Safety  and  Health 
(OSH)  Act  of  1970  requires  OSHA  to 
promulgate  standards  protecting  the 
health  of  employees  and  requires  that  in 
the  development  of  standards,  one  of  the 
“considerations  shall  be  *  *  *  the 
feasibility  of  the  standards”  (Pub.  L.  91- 
596  sec.  6.  (b)  (5)].  The  courts  have 
required  that  OSHA  must  bear  “the 
initial  burden  of  proving  the  general 
feasibility  of  the  standard  for  the 
industry  as  a  whole  at  the  rulemaking 
stage"  [1,  p.  1270]. 

Through  the  rulemaking  process 
OSHA  has  compiled  a  comprehensive 
record  of  the  feasibility  of  controlling 
employee  exposures  to  cadmium.  OSHA 
published  a  proposed  rule  with  a 
preliminary  analysis  in  February.  1990 
and  solicited  data  and  comments  from 
the  public.  The  record  remained  open  for 
over  eight  months,  and  many  comments 
were  submitted  by  interested  parties.  At 
the  public  hearings  each  witness  was 
available  for  cross-examination.  Before 
the  record  closed,  participants  were 
given  the  opportunity  to  respond  to  all 
new  information  submitted.  The 
resultant  record  provides  the  best 
available  evidence  for  determining  the 
feasibility  of  the  new  cadmium 
standard. 

Legal  Consideration  in  Determining 
Technological  Feasibility 

OSHA  is  obligated  by  the  OSH  Act  to 
promulgate  standards  that  “to  the  extent 
feasible”  best  protect  workers.  OSHA 
does  not  believe  that  it  can  satisfy  this 
obligation  by  using  a  lowest-common- 
denominator  approach,  Le.  by  protecting 
all  workers  only  to  the  extent  that  the 
most  severe  feasibility  constraint  on 
protecting  any  worker  would  allow.  On 
the  contrary,  OSHA  believes  that  if  a 
minority  of  workers  cannot  be  as 
effectively  protected  as  the  majority, 
that  fact  is  not  an  adequate  reason  to 
forego  protecting  the  majority  to  the 
extent  feasible. 

Court  decisions  have  supported  this 
understanding  of  technological 
feasibility.  In  a  decision  describing  the 
preliminary  test  of  general  feasibility 


that  an  OSHA  standard  must  pass  in  a 
pre-enforcement  review,  one  court 
summed  up  OSHA’s  burden  of  proof  as 
follows:  “*  *  *  within  the  limits  of  the 
best  available  evidence,  and  subject  to 
the  court’s  search  for  substantial 
evidence,  OSHA  must  prove  a 
reasonable  possibility  that  the  typical 
firm  will  be  able  to  develop  and  install 
engineering  and  work  practice  controls 
that  can  meet  the  PEL  in  most  of  its 
operations.  *  *  *  Such  a  standard  of 
review  for  feasibility,  of  course,  in  no 
way  ensures  that  all  companies  at  all 
times  and  in  all  jobs  can  meet  OSHA’s 
demands.”  [1,  p.  1272]. 

In  adopting  this  understanding  of 
feasibility  for  purposes  of  analysis,  a 
related  question  arises.  Namely,  how 
does  random  variability  in  exposure 
levels  affect  an  assessment  that  a 
particular  level  is  technologically 
feasible? 

OSHA  recognizes  that  some  random 
fluctuation  of  exposure  levels  around 
the  average  does  exist.  As  a  result 
employers  will  generally  need  to  control 
exposure  levels  to  an  average  somewhat 
below  the  limit  to  ensure  that  most  of 
the  fluctuations  will  not  exceed  the 
limit.  Further,  some  of  the  variation  may 
be  the  result  of  identifiable  and 
controllable  causes,  such  as  inadequate 
or  poorly  maintained  engineering 
controls,  improper  work  practices,  or 
lack  of  oversight  by  qualified  personnel. 
Correcting  deficiencies  in  controls 
should  reduce  existing  exposure  levels 
and  substantially  reduce  variability. 

For  operations  where  the  PEL  cannot 
be  achieved  with  engineering  controls 
and  work  practices,  the  employer  must 
nevertheless  implement  all  feasible 
engineering  controls  to  reduce 
exposures  in  addition  to  using 
respiratory  protection.  The  requirement 
to  implement  all  feasible  engineering 
controls  generally  applies  to  the  existing 
building,  equipment,  and  manufacturing 
process  (although  OSHA  has  the 
authority  to  set  standards  that  are 
“technology  forcing"  (1,  p.  1264]}.  For 
purposes  of  complying  with  this 
requirement  it  is  usually  sufficient  to 
demonstrate  that  every  reasonable 
effort  has  been  made  to  reduce 
exposures  given  the  limitations  of  the 
plant  configuration  and  the  nature  of  the 
process. 

Public  Comments  Regarding  Feasibility 
Determinations 

Several  comments  responding  to  the 
proposed  standard  [55  FR  4052] 
criticized  the  methodology  and 
conclusions  of  the  preliminary  analysis 
concerning  technological  feasibility  and 
costs  of  compliance.  The  final  analysis 
addresses  these  concerns,  where 


appropriate,  by  modifying  analytical 
approaches,  revising  estimates,  and 
using  additional  information  and  data 
submitted  to  develop  an  accurate 
characterization  of  impacts.  The 
conclusions  in  this  final  analysis  reflect 
these  changes  and  are  based  on  the  best 
available  evidence  as  provided  by  the 
record. 

For  example,  OSHA  reviewed  the 
record  to  ensure  that  the  full  range  of 
job  categories  exposed  to  cadmium  was 
identified  for  each  industry.  All 
potentially  affected  industries  were 
studied  and  the  number  of  exposed 
employees  was  determined.  The  full 
spectrum  of  cadmium  exposure  sources 
and  the  corresponding  prospects  for 
additional  engineering  controls  were 
assessed  for  each  job  category.  The 
expected  effectiveness  of  controls  and 
the  anticipated  reductions  in  exposures 
were  re-examined  in  the  light  of  the 
comments  and  testimony  submitted. 
Potential  biases  associated  with  the 
exposure  data  were  evaluated,  concerns 
raised  in  regard  to  statistical 
applications  were  resolved,  and 
additional  exposure  data  submitted  to 
the  record  were  incorporated  into  the 
analysis. 

Many  of  the  apparent  differences 
among  the  estimates  and  conclusions 
presented  in  the  record  can  be 
explained  by  differences  in  the 
perceptions  of  the  requirement  to  install 
controls  to  the  extent  feasible. 

Some  commenters  assumed  that  a 
feasible  PEL  is  one  that  would  virtually 
never  be  exceeded  even  by  atypical 
monitoring  results.  For  these 
commenters,  the  corresponding 
estimates  of  the  lowest  feasible  PEL 
were  often  2.5  times  mean  exposures, 
and  estimates  of  compliance  costs 
reflected  a  reduction  in  mean  exposures 
to  less  than  40  percent  of  the  PEL. 
Comments  made  on  the  basis  of  these 
assumptions  tended  to  highlight  the 
feasibility  problems  and  cost  of  any 
lower  exposure  limit. 

Process  by  Industry  Feasibility 
Determinations 

In  addressing  the  legal  requirements 
for  OSHA  technological  feasibility 
analysis  and  the  concerns  expressed  by 
affected  parties  during  public  hearings 
on  the  proposed  rule,  OSHA  has 
adopted  an  occupation/process  by 
industry  feasibility  analysis  in  this  RIA. 
The  approach  separately  analyzes 
worker  exposure  levels  by  occupation/ 
process  within  industry  segments 
affected  by  the  rule.  The  approach  was 
designed  to  extract  the  maximum  utility 
from  the  existing  data  and  to  minimize 
the  influence  of  data  source  differences 
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and  inconsistencies.  The  occupation/ 
process  analysis  became  the  analytical 
tool  for  identifying  appropriate  SECAL 
levels  within  affected  industries. 

As  a  general  rule,  OSHA  determines 
whether  a  permissible  exposure  limit  is 
technologically  and  economically 
feasible  for  an  industry  by  determining 
whether  it  can  be  achieved  in  most 
operations  most  of  the  time  with 
engineering  and  work  practice  controls. 
This  approach  is  sensible  and  useful  for 
several  reasons:  it  permits  industrial 
commonalities  to  dominate  over 
exceptions  in  a  constructive  way;  it 
reflects  the  fact  that  air  contaminants 
tend  to  drift  throughout  the  plant  and 
that  workers  often  move  from  one  part 
of  the  plant  to  another  during  or 
between  work  assignments;  and  it 
produces  a  regulatory  standard  that  is 
specific  and  accurate  on  the  one  hand, 
and  workable  from  an  enforcement 
perspective,  on  the  other. 

Although  the  "most  operations  most  of 
the  time”  test  is  the  best  general  rule  for 
determining  the  feasibility  of  an 
engineering  and  work  practice  control 
limit  for  an  industry,  an  exception  to 
that  rule  is  appropriate  for  six  industrial 
sectors  engaged  in  cadmium  production 
operations.  In  nickel-cadmium  battery 
production,  zinc/cadmium  refining, 
pigments,  stabilizers,  lead  smelting/ 
refining,  and  cadmium  plating,  exposure 
data  tended  to  fall  into  distinct  high  and 
low  exposure  clusters,  especially  from 
process  to  process  within  industries.  A 
unitary  “most  operations  most  of  the 
time  test”  would  ignore  this  division  and 
either  impose  on  the  low  cluster  a 
control  limit  that  would  be  needlessly 
high  or  impose  upon  the  high  cluster  a 
control  limit  that  would  be 
unrealistically  low. 

OSHA  used  statistical  analysis  of 
exposure  data  to  distinguish  high  and 
low  exposure  processes  and  represented 
the  high  and  low  exposure  groups  as 
high  and  low  exposure  distributions. 
Then  OSHA  used  the  record  evidence  to 
estimate  the  amount  of  exposure 
reduction  that  would  occur  from 
implementing  controls  for  each 
distribution.  OSHA  applied  that 
reduction  to  its  respective  distribution 
and  determined  the  separate  engineering 
(and  work  practice)  control  air  limit 
(SECAL)  for  the  processes  from  these 
distributions.  This  methodology  allows 
developing  different  control  standards 
where  exposures  in  the  process  are 
substantially  different  and  produces  the 


lowest  feasible  SECAL  for  distinct 
occupation/process  clusters. 

Moreover,  the  process  approach 
adopted  here  does  not  preclude 
consideration  of  individual  plant 
characteristics  when  such 
characteristics  can  be  identified.  For 
example,  in  the  cadmium  stabilizer 
subsector,  one  plant  is  known  to  have 
successfully  reduced  exposure  levels 
following  a  technology  improvement 
program.  This  empirical  data  reinforced 
confidence  that  engineering  controls 
could  reduce  exposure  levels  in  other 
plants.  Conversely,  in  lead  smelting, 
data  submitted  to  the  record  indicated 
that  one  plant  has  exposure  levels 
considerably  above  three  other  plants  in 
this  subsector.  Only  this  plant  would 
appear  to  benefit  from  additional 
engineering  controls  to  reduce  exposure 
levels.  This  consideration  was  explicitly 
factored  into  the  engineering  control 
reduction  level  projected  for  this 
industry  group.  Finally,  when  inter-plant 
technology  controls  and  exposure  levels 
can  not  be  distinguished,  a  cross-plant 
process  analysis  is  the  most  neutral 
approach  to  characterizing  industry 
exposures  and  technology  control 
problems  and  solutions. 

In  technological  and  economic 
feasibility  analysis  attention  generally 
concentrates  on  the  more  problematic 
process  exposures.  From  an  engineering 
design  control  perspective,  the 
presumption  is  that  high  exposure 
processes  will  be  more  difficult  and 
costly  to  control.  Most  engineering 
control  remedies  for  high  exposure 
processes  will  simultaneously  lower 
within  plant  exposures  for  all 
occupations.  Attention  justifiably 
focuses  on  the  feasibility  of  existing 
technology  to  control  high  exposure 
processes.  In  evaluating  control 
strategies  in  this  approach,  exposure 
reduction  factors  were  applied  to  the 
high  and  low  exposure  groups  based  on 
the  evidence  in  the  record  addressing 
the  ability  to  control  exposures  in  each 
type  of  plant. 

In  designing  the  occupation/process 
approach  to  SECAL  selection,  the  effort 
was  made  to  take  into  account  the  many 
concerns  expressed  by  industry 
representatives  and  others,  that  any 
engineering  control  level  selected, 
should  be  capable  of  being  met  most  of 
the  time.  To  achieve  this,  all 
occupation/process  data  from  all 
available  sources  were  entered  into  a 
computer  for  analysis.  Usually  these 


data  were  a  mixture  of  exposure  ranges, 
by  occupation/process,  often  with  a 
median  or  geometric  mean  identified. 
Based  on  these  data,  a  distribution  of 
exposures  was  projected  through  the  use 
of  statistical  modelling. 

Occupation/process  data  were  then 
depicted  using  a  “box  and  whisker” 
diagram.  The  two  dimensional  "box” 
reflects  the  range  within  which  50 
percent  of  exposure  readings  are  found. 
The  vertical  band  within  a  box 
represents  the  median  value  for  the 
entire  distribution;  the  "whisker” 
element  shows  the  extent  of  exposure 
above  and  below  the  50  percent  block 
which  captures  the  median. 

Using  this  presentation  of  exposure 
data  facilitated  the  identification  of  high 
and  low  occupational  exposure  by 
process.  The  Agency  segregated  the 
occupation/process  data  into  sets  of 
high  and  low  exposures  for  six 
industries  for  whom  SECALs  would  be 
required.  In  the  text  below,  the  nickel- 
cadmium  battery  industry  is  used  to 
illustrate  the  verification  process  used  to 
prove  that  certain  occupation/process 
groups  were  statistically  different  based 
on  exposure  data. 

Six  plants  producing  nickel-cadmium 
batteries  constitute  an  industry.  Each  of 
the  six  plants  produces  more  than  one 
type  of  battery  (sealed  cell,  vented, 
aerospace,  commercial,  etc.)  involving 
different  processes.  Each  plant  can 
achieve  different  lowest  feasible  levels. 
To  assess  the  lowest  feasible  level,  high 
and  low  exposed  occupation  by  process 
groups  were  identified  and  separately 
analyzed. 

Ten  sources  of  data  on  exposures  in 
these  six  plants  were  available.  All  data 
sources  are  considered  legitimate  and 
no  preference  is  expressed  among  them. 
Differences  in  levels  may  be  explained 
by  different  levels  of  engineering 
controls,  different  points  in  time  in  the 
plant,  different  production  levels, 
different  work  practices,  different 
process  modifications,  or  upset 
conditions. 

In  the  nickel-cadmium  battery 
industry,  the  following  occupations/ 
processes  were  identified  as  having  high 
exposures:  plate  preparation  operations 
and  plate  making  operations.  All  other 
occupations  and  processes  for  which  the 
Agency  had  information  were  identified 
as  having  low  exposures.  Figure  VIII-B1 
shows  the  segregated  data. 
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FIGURE  VIII-B1 

NICKEL-CADMIUM  BATTERIES 
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In  the  nickel-cadmium  battery  sector 
the  exposure  data  were  as  follows: 


High  group 

Low  group 

Number  ot 

26  (=Nh) 

48  (=NJ 

observations. 

72.9  (=*„) 
62.7  (=S,J 

14.4  (=XJ 

23.5  (=Sl) 

Standard  deviation . 

To  verify  that  the  two  groups  within 
this  industry  were  distinct,  the  Agency 
tested  whether  the  means  of  the  two 
samples  were  the  same. 

Formally,  the  proposed  null 
hypothesis  was  that  the  means  were 
equal,  or  equivalently,  that  the 
difference  in  means  was  zero.  In  general 
terms,  if  the  difference  in  means  of  the 
two  samples  is  large  compared  to  its 
distribution,  which  is  centered  around 
zero,  then  it  is  unlikely  that  the  samples 
are  drawn  from  the  same  population. 
Under  the  assumption  that  the 
difference  in  means  was  distributed 
normally  (central  limit  theorem)  the 
appropriate  test  statistic  is: 

(wean  of  high  exposures— mean  of  low 

exposures)— true  mean --standard  error 
of  the  difference  in  means 

The  standard  deviation  of  the  difference 
in  means  is  closely  approximated  by  the 
square  root  of  the  sum  of  the  squared 
standard  errors  of  the  means  and  the 
standard  error  is  given  by: 

S.E.hl=  Square  root(SH2/NH  -f  SL2/NL) 

Then,  the  test  statistic  is  a  standard 
normal  random  variable  equal  to: 

z  =  [(*„  -  XL)  -  0]/SJ5.„.u 


For  the  standard  normal  distribution, 
there  is  less  than  a  5  percent  probability 
that  the  (absolute)  value  of  a  test 
statistic  would  exceed  2.0  if  its  true 
mean  was  zero.  The  probability  of  the 
test  statistic  being  4.6  or  larger  (4.6  was 
the  actual  value  for  z  in  the  formula 
above)  under  the  assumption  that  the 
means  are  equal  is  less  than  0.001. 
Therefore  the  null  hypothesis  that  the 
means  of  the  exposure  data  are  equal  is 
rejected  and  the  conclusion  that  they  are 
drawn  from  distinct  distributions  is 
accepted. 

As  the  exposure  samples  are  not 
large,  we  also  tested  their  difference 
with  the  more  conservative  t  statistic 
with  (Nh  +  Nl  —  2)  =  72  degrees  of 
freedom. 

The  standard  error  is  estimated  as: 

S.E.h  l  =  Square  root  {[(Nh— 1)Sh2 
+  (Nl-1)Sl21x(1/Nl+1/N„)/ 
(N„+Nl-2)> 

For  the  nickel-cadmium  data  the  t 
statistic  is  5.8.  In  this  case,  there  is  less 
than  a  five  percent  probability  that  the  t 
statistic  will  be  larger  than  2.0  if  the 
means  are  actually  equal.  Under  the 
assumption  that  the  means  are  equal, 
the  probability  that  the  t  statistic  should 
be  as  large  as  5.8  is  less  than  0.001.  We 
again  reject  the  null  hypothesis  that  the 
means  are  equal. 

Once  a  statistical  difference  between 
high  and  low  exposure  groups  was 
verified,  the  data  were  analyzed 
separately.  In  developing  graphs  of 
existing  exposures  for  each  occupation/ 
process  type,  medians  and  means  were 
used  from  each  of  the  exposure  sources. 


The  resulting  distributions  for  nickel- 
cadmium  battery  producers  are  shown 
in  Figures  VIII-B2  and  VIII-B3,  with  the 
high  group  represented  by  occupations 
directly  involved  in  plate  preparation 
and  plate  making  operations  and  the 
low  group  by  all  other  industry 
occupations,  including  impregnation, 
spiraling,  cell  assembly,  nickel  plating, 
sorting  and  stacking  processes.  (In  these 
Figures  and  those  that  follow  all  data 
were  "fitted”  to  a  straight  line  using 
ordinary  least  squares  methodology.) 

The  final  step  in  identifying 
appropriate  SECAL  levels  for  the  two 
groups  was  done  through  a  modelling 
process.  The  current  exposure  pattern 
for  each  group  was  reduced  based  upon 
alternative  engineering  control 
efficiency  levels  of  80,  60,  40  and  20 
percent.  The  higher  the  efficiency  level, 
the  lower  the  projected  exposure  level. 
Figures  VIII-B4  and  VIII-B5  show  the 
reduction  effect  and  shift  in  the 
distribution  of  exposures  for  the  high 
and  low  groups  in  nickel-cadmium 
battery  production. 

Finally,  a  selection  had  to  be  made 
among  the  different  efficiency  reduction 
factors  based  upon  evidence  and 
testimony  in  the  record  and  economic 
feasibility  considerations.  Where 
evidence  in  the  record  clearly  indicated 
that  an  engineering  control  strategy 
would  reduce  exposure  levels,  the 
reduction  factor  range  most  closely 
approximating  the  new  projected 
exposure  levels  was  selected. 
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FIGURE  FIII-B2 


BATTERIES  (LOW  EXP):  CURRENT 
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FIGURE  VIII-B3 


BATTERIES  (HIGH  EXP):  CURRENT 


EXPOSURE  LEVEL  IN  UG/M3 


PERCENT  OF  EXPOSURES  BELOW  LEVEL 
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FIGURE  VIII-B4 


BATTERIES  (HIGH  EXP.):  CONTROLLED  80%~20% 


VIII-B16 
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The  only  basis  for  revising  this  choice 
was  if  the  control  strategy  was  so  costly 
as  to  make  the  option  economically 
infeasible  for  a  given  industry.  Industry 
cost  and  profit  ratios  were  relied  on  in 
making  a  determination  of  economic 
feasibility.  The  higher  the  ratio,  the  more 
important  it  became.  If  costs 
represented  20  percent  or  more  of 
profits,  the  shift  to  a  less  costly 
engineering  control  strategy  and  lower 
reduction  factor  (60  percent  instead  of 
80,  for  example)  was  considered.  For 
battery  producers  this  reduction  was 
made.  The  regulatory  cost  to  profit  ratio 
exceeded  20  percent  and  the  less  costly 
40  -  60  percent  range  of  reduction  level 
was  used. 

Following  selection  of  the  reduction 
factor  range,  the  appropriate  SECAL  for 
an  exposure  group  was  made  at  the 
level  achievable  for  most  (60-80 
percent)  of  the  exposure  observations. 
For  workers  exposed  to  cadmium  in 
battery  production  a  SECAL  of  50  ftg/m3 
for  plate  preparation  and  platemaking 
processes  was  identified;  for  all  other 
occupations  and  processes  a  SECAL  of 
15  ftg/m3  was  identified. 


The  methodology  outlined  above  was 
applied  to  each  industry  in  which 
additional  analysis  for  determining  the 
feasibility  of  achieving  the  PEL  of  5  pg/ 
m3  with  engineering  controls  appeared 
to  be  useful.  The  sector-by-sector 
analysis  found  bifurcated  exposures  by 
process  type  across  all  industries  and 
verified  the  appropriateness  of  different 
SECALs  for  affected  industries.  Table 
VIII-Bl  shows  the  SECAL  levels  in  high 
exposure  industries  and  Table  VIII-B2 
provides  a  distrib'ution  of  employees  by 
SECAL  or  PEL  level  in  each  high 
exposure  industry  sector. 

Unit  Cost  Estimates  and  Economic 
Feasibility 

Unit  costs. OSHA  developed  unit  cost 
estimates  based  on  the  engineering 
controls  that  would  be  required  for  each 
operation  to  reduce  ambient  exposure 
levels  of  cadmium.  Some  cost  estimates 
submitted  to  the  record  included 
controls  or  measures  of  questionable 
effectiveness  and  very  high  cost.  As 
discussed  in  more  detail  for  specific 
industries,  the  data  and  evidence  in  the 
record  provided  consistent  estimates  of 


the  approximate  cost  of  additional 
controls  once  differences  in  underlying 
assumptions  were  taken  into  account. 

Local  exhaust  ventilation  systems  are 
the  predominant  method  of  engineering 
control  to  reduce  occupational 
exposures  to  cadmium,  and  they  can  be 
adapted  to  exposure  sources  in  many 
different  industries.  JACA  [3]  provided 
estimates  of  the  cost  of  local  exhaust 
ventilation  systems  that  ranged  from 
$51,000  to  $110,000  (in  current  dollars). 
These  estimates  reflect  the  total  costs, 
including  costs  for  one  or  more  hoods, 
duct  work,  a  baghouse,  a  stack,  and 
installation.  Annual  operating  and 
maintenance  costs  were  estimated  to  be 
10  percent  of  the  capital  cost.  Based  on 
these  estimates,  OSHA  concluded  that 
the  average  unit  cost  for  a  local  exhaust 
ventilation  system  would  be  $80,000  in 
capital  costs  and  $8,000  in  annual  costs. 

Other  evidence  submitted  to  the 
record  regarding  the  unit  costs  of  local 
exhaust  ventilation  systems  was 
generally  consistent  with  the  JACA 
estimates. 


Table  Vlll-Bl.— SECALs  for  Processes  in  Selected  Industries 


Table  VIII-B2.— Distribution  of  Exposed  Employees  in  High  Exposure  Industries 


Of  the  additional  information 
submitted,  PACE  [4]  provided  the  most 
comprehensive  description  of  controls 
and  unit  costs.  For  example,  the 
installation  of  a  local  exhaust 


ventilation  system  with  a  hood,  ducts, 
and  a  Venturi  scrubber  was  estimated  to 
cost  $57,000  in  a  cadmium  refining 
operation.  In  another  cadmium  refining 
operation,  a  collection  hood  and  exhaust 


system  with  sloped,  flushed  ducts  was 
estimated  to  cost  $24,000.  PACE  also 
identified  additions  or  improvements  in 
ventilation  for  at  least  five  operations  in 
the  production  of  cadmium  stabilizers 
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with  a  total  cost  of  less  than  $1504)00.  In 
conclusion,  OSHA  is  confident  that  a 
unit  of  cost  $80,000  provides  a  fair 
representation  of  the  cost  of 
implementing  a  substantial  local 
exhaust  ventilation  system. 

In  addition  to  local  exhaust 
ventilation  systems,  PACE 
recommended  the  use  of  other 
engineering  controls  for  operations  in 
several  industries.  OSHA  agrees  that 
many  of  these  controls  may  provide 
significant  reductions  in  exposures  and 
included  costs  for  these  controls  in  the 
final  analysis.  For  example,  in  several 
industries  PACE  recommended  the  use 
of  dean  air  islands  and  estimated  the 
cost  as  $3  per  cfm  (cubic  feet  per 
minute).  The  recommended  systems 
ranged  from  2,000  to  9,000  cfm  and  cover 
areas  from  4  feet  by  5  feet  to  8  feet  by  15 
feet.  OSHA  concluded  that  the  average 
unit  cost  for  this  type  of  control  would 
be  about  $18,000. 

Other  types  of  controls  referred  to  by 
PACE  and  other  commenters  involved  a 
variety  of  relatively  inexpensive 
modifications  but  were  often  applicable 
to  specific  operations  or  circumstances. 
Where  the  evidence  suggested  that  such 
control  options  could  be  implemented 
effectively,  costs  for  such  controls  were 
included  in  the  final  analysis.  Since 
OSHA  cannot  realistically  determine 
every  control  possibility  in  every 
operation  in  every  plant,  a  unit  cost  of 
$9,000  for  such  controls  was  estimated 
based  on  the  cost  data  submitted.  Total 
costs  per  plant  for  such  controls  were 
approximated  by  estimating  the 
appropriate  number  of  units  of  these 
controls  applicable  in  each  type  of 
affected  establishment. 

For  example,  estimates  submitted  by 
PACE  included:  partition  an  area  from 
rest  of  building,  $9,000;  panel  ceiling. 
$10,000-$15,000;  complex  enclosure  of 
briquette  press,  $54X30;  glove  box  hood 
with  mechanical  assist,  $5,000;  power 
conveyor  for  pouring,  $11,000;  downflow 
grate  at  front  of  furnace,  $3,000;  pass¬ 
through  airlock  glove  box,  $5,000; 
enclose  drum  fill,  $1,700;  enclose  feed 
table  with  10'  by  3'  backdraft  hood, 
$1,000;  GEMCO  valve,  flex  boot,  and 
flange,  $2,600;  modify  dump  enclosure 
for  2  tanks,  $3,000;  blending  enclosure, 
$4,000;  and  special  protection  of 
electrical  equipment,  $15,000. 

Unit  costs  for  housekeeping  consisted 
of  capital  costs  for  industrial  vacuum 
cleaning  systems  and  labor  costs  for 
using  the  system  regularly.  JACA 
assumed  that  a  HEPA-filtered  industrial 
vacuum  cleaner  could  be  purchased  for 
$1,500.  PACE’s  estimated  cost  for  a  large 
portable  HEPA-filtered  vacuum  was 
$10,000,  and  the  estimated  cost  for  a 
central  vacuum  system  with  piping  for 


20,000  square  feet  of  floor/platform  area 
was  $31,200.  OSHA  believes  that  the 
cost  of  establishing  an  adequate 
housekeeping  program  can  be 
approximated  by  using  an  average  unit 
cost  of  $15,000  per  system;  furthermore, 
the  analysis  recognizes  that  more  than 
one  such  system  may  be  needed  in  some 
plants.  In  addition  to  costs  for  power 
and  maintenance,  OSHA  estimated  that 
sufficient  utilization  of  such  a  system 
may  require  annual  labor  costs  of  $74)00 
(representing  about  500  hours  per  year). 

Unit  costs  used  to  estimate 
compliance  costs  for  other  requirements 
of  the  cadmium  standard  were  based  on 
information  provided  to  the  record.  The 
annual  cost  of  protecting  an  employee  ' 
with  a  HEPA-filtered  respirator, 
including  fit  testing,  was  about  $300, 
according  to  testimony  from  an  industry 
representative  based  on  experience  with 
respirator  programs  (5).  The  laboratory 
cost  of  analyzing  the  results  of  exposure 
monitoring  is  an  estimated  $40  per 
sample,  and  the  cost  of  collecting  the 
samples  would  average  about  $200  per 
sample,  according  to  estimates  provided 
by  an  industrial  hygiene  firm  (3).  Costs 
for  hygiene  facilities,  training,  and 
recordkeeping  were  evaluated  for  each 
industry  based  on  estimates  of  current 
compliance  and  the  extent  of  additional 
efforts  needed.  The  unit  cost  for 
providing  a  daily  shower  during  the 
work  shift  for  employees  exposed  above 
the  PEL  was  estimated  at  $900  annually, 
based  on  fifteen  minutes  per  day  for  240 
days  per  year  at  $15  an  hour. 

Costs  of  compliance  with  the  medical 
surveillance  provisions  were  calculated 
based  on  unit  cost  estimates  for  specific 
elements.  The  analysis  of  samples  of 
urine  and  blood  for  cadmium  was 
estimated  to  cost  $60  per  sample,  based 
on  estimates  from  industrial  medical 
clinics  [3].  According  to  a  public  health 
research  group,  the  unit  cost  for  the 
analysis  of  a  urine  sample  for  /32- 
microglobulin  waa  $80  per  sample  [6]. 
The  cost  of  an  annual  physical, 
including  the  wages  paid  to  the 
employee,  was  estimated  to  be  $250. 
This  figure  is  based  on  research 
conducted  by  JACA  (adjusted  to  current 
dollars),  and  is  consistent  with  unit 
costs  for  comparable  medical  exams 
used  in  other  OSHA  analyses,  reflecting 
current  prices  for  industrial  clinical 
services.  Cost  estimates  provided  by 
industry  reflected  unit  costs  for  exams 
between  $300  and  $400.  but  these 
estimates  may  include  biological 
monitoring  costs  and  may  not  reflect  the 
minimum  cost  necessary  for  compliance 
with  the  standard. 

The  unit  cost  associated  with  the 
medical  removal  of  an  employee  was 
calculated  by  assuming  that  on  average 


the  employer  would  incur  hiring  and 
training  costs  of  $500  per  removed 
employee.  In  addition,  the  wage  for  the 
job  the  removed  employee  would  be 
transferred  to  was  assumed  to  average 
$2  an  hour  (generally  more  than  10 
percent)  less  than  the  wage  for  the 
former  job,  and  removed  employees 
would  generally  have  full-time  (2,000 
hours  per  year)  positions.  As  a  result, 
medical  removal  of  an  employee  for  18 
months  would  cost  about  $6,000  for  the 
wage  differential  plus  $500  for  hiring 
and  training  costs;  removal  of  an 
employee  for  9  months  would  cost  a 
total  of  about  $3,500  (costs  for  additional 
medical  testing  are  evaluated 
separately).  OSHA  concludes  that  the 
average  unit  cost  per  medical  removal 
would  be  about  $5,000  (on  the 
assumption  that  half  medically  removed 
workers  will  return  to  work  after  nine 
months  and  half  will  receive  benefits  for 
18  months). 

Economic  feasibility.  Once  the  unit 
costs  were  assigned  to  engineering 
controls,  work  practice  changes,  new 
administrative  requirements,  and 
personal  protective  equipment,  industry 
costs  to  comply  with  the  rule  provisions 
were  calculated.  The  total  incremental 
cost  to  comply  with  the  rule  was 
separately  calculated  for  each  affected 
industry  segment.  Industry  differences 
in  cost  impacts  reflected  current 
baseline  practices  and  levels  of  worker 
exposure,  and  the  number  of 
establishments  in  a  particular  sector 
using  cadmium. 

Industry  cost  estimates  (the  amount  of 
capital  needed  to  comply  with  the  rule) 
were  compared  with  revenues  and  profit 
margins  for  recent  years  in  order  to 
determine  the  economic  impact  and 
feasibility  of  the  regulation.  No  industry 
sector  analyzed  had  a  cost  to  profit  ratio 
in  excess  of  0.5.  For  those  sectors  where 
costs  represented  between  20-50 
percent  of  profit,  this  fact  was 
considered  when  selecting  engineering 
control  strategies  to  reduce  existing 
cadmium  exposure  levels. 
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October  17, 1990. 

C.  Exposures,  Costs,  and  Feasibility 
Analyses  by  Industry 

Nickel-Cadmium  Battery  Production 

Industry  overview.  The  nickel- 
cadmium  battery  industry  in  the  United 
States  consists  of  six  major 
manufacturers  operating  six  facilities  in 
different  states  across  the  country.  The 
largest  establishment  is  located  in 
Florida  and  employs  over  1,700 
employees.  The  smallest  facility  has  16 
employees  and  is  located  in  Wisconsin. 
The  remaining  facilities  have  between 
150  and  450  employees.  [1,  Slide  2].  Total 
employment  for  the  industry  is  almost 
3,000,  of  whom  about  half  (1,500)  are 
involved  in  production  and  maintenance 
and  are  potentially  exposed  to  cadmium. 
[1,  Slide  3]. 

There  are  many  different  types  of 
nickel-cadmium  batteries  produced  and 
designs  are  often  customized  for  specific 
industrial,  aerospace,  military, 
household,  commercial,  or  specialty 
applications.  The  National  Electrical 
Manufacturers  Association  (NEMA) 
classified  battery  production  in  the 
United  States  into  two  categories: 
industriai-military-aerospace  and 
household-commercial-specialty.  NEMA 
estimated  that  approximately  two  thirds 
of  the  employees  exposed  to  cadmium  in 
the  battery  industry  were  involved  in 
the  production  of  household, 
commercial,  and  specialty  batteries.  [1, 
Slide  3]. 

Production  processes.  The  production 
of  nickel-cadmium  batteries  can  be 
broken  down  into  four  basic  steps.  Each 
step  may  involve  several  operations  that 
can  vary  depending  on  the  type  of 
battery  and  scale  of  production,  but 
these  steps  encompass  the 
manufacturing  process  utilized  for 
battery  production  regardless  of  the  type 
of  battery  or  the  particular  facility. 
NEMA  preferred  to  characterize  the 
manufacturing  process  with  a  generic 
description  of  these  four  steps;  detailed 
descriptions  were  withheld  “because  of 
their  highly  confidential  and  proprietary 
nature."  (2,  p.  3]. 


Step  1  is  called  plate  making  in  the 
production  of  large  industrial, 
aerospace,  and  military  nickel-cadmium 
batteries;  this  step  is  also  referred  to  as 
sintered  plate  manufacture  in  the 
production  of  small  household  and 
commercial  nickel-cadmium  batteries.  In 
both  cases  the  process  begins  with  the 
same  material,  nickel-plated  perforated 
steel,  and  produces  a  porous  nickel 
plate.  [2,  p.  3]. 

A  paste  of  finely  divided  nickel  metal 
is  pressed  into  the  open  grid  of 
perforated  and  nickel-plated  sheet  Bteel. 
This  is  followed  by  sintering  or  drying  in 
an  oven.  The  dried  plate  can  then  be 
rolled  up  into  a  spiral  or  be  cut, 
weighed,  and  coined  for  particular 
specifications  prior  to  impregnation. 

Step  2  involves  impregnation.  The 
porous  nickel  plates  are  immersed  in  a 
cadmium  nitrate  solution,  rinsed,  dried, 
and  then  immersed  in  sodium 
hydroxide.  After  rerinsing,  the  plates  are 
dried  and  inspected.  Continuous  spiral 
wound  plates  are  dipped  as  spools  on 
large  circular  holding  racks  and  then 
despiraled. 

Sometimes  an  alternate  process  is 
used  for  this  step.  A  paste  of  cadmium 
oxide  with  fillers  and  binders  is 
prepared  and  then  continuously  pressed 
into  a  moving  perforated  sheet  which  is 
subsequently  dried. 

Step  3  is  plate  preparation  and 
involves  cutting,  inspecting,  and  sorting 
the  plates.  This  step  ensures  that  the 
plates  are  of  proper  size  and  quality.  In 
addition,  the  plates  are  stacked  and 
readied  for  assembly. 

Step  4  is  the  assembly  of  the  battery 
or  cell.  For  large  industrial  batteries, 
alternate  plates  containing  cadmium 
hydroxide  and  nickel  hydroxide  are 
welded  to  terminals  and  placed  in  the 
battery  casing.  The  casing  is  filled  with 
an  electrolyte  solution  and  sealed. 

The  assembly  of  small  household  cells 
involves  winding  the  electrodes  into  a 
tight  cylinder  together  with  an  inert 
separation  material.  The  roll  is  fitted 
into  a  nickel-plated  metal  can  which  is 
sealed  after  the  electrolyte  is  added. 
Most  of  these  steps  are  performed  by 
automatic  machines.  [2,  p.  4]. 

Employee  exposures.  The  preliminary 
analysis  produced  by  OSHA  for  the 
proposed  rule  relied  on  an  exposure 
profile  developed  by  JACA  Corporation. 


[3,  Table  3-8].  JACA  relied  on  two 
primary  sources  for  exposure  monitoring 
data  from  nickel-cadmium  battery 
producers.  The  first  source  was  seven 
years  of  sampling  results  from  OSHA's 
Integrated  Management  Information 
System  (IMIS)  database  through  August 
1986.  The  second  source  was  a  Health 
Hazard  Evaluation  (HHE)  performed  by 
NIOSH  at  a  battery  plant  in  1983.  JACA 
also  visited  a  nickel-cadmium  battery 
manufacturing  plant  to  assist  in  the 
interpretation  and  categorization  of  the 
data.  JACA’s  exposure  profile  is 
presented  in  Table  VIII-Cl.  Geometric 
mean  exposures  in  six  of  the  seven  job 
categories,  representing  over  75  percent 
of  the  exposed  employees,  are  estimated 
to  be  less  than  17  pg/m3. 

PACE  Incorporated  developed  an 
exposure  profile  for  nickel-cadmium 
battery  production  at  the  request  of  the 
Cadmium  Council.  [4,  Table  A4-1J.  This 
information  is  summarized  in  Table 
VIII-C2.  The  PACE  estimates  were 
calculated  from  data  supplied  from  one 
plant.  In  nine  of  the  eighteen  job 
categories  listed,  the  mean  exposures 
are  less  than  22  pg/m*  in  four  of  the 
seven  process  areas  listed,  the  mean 
exposures  are  generally  less  than  25  pg/ 
m3.  PACE  did  not  indicate  what 
proportion  of  the  workforce  was 
represented  by  the  job  categories  or 
process  areas. 

Another  exposure  profile  was 
developed  by  Multinational  Business 
Services,  Inc.  (MBS)  as  part  of  their 
report  for  NEMA.  [5,  Exhibit  1).  Their 
exposure  profile,  presented  as  a 
frequency  distribution,  was  based  on 
"representative  industry  data  correlated 
by  MBS”  and  is  shown  in  Table  VIII-C3. 
MBS  concluded  that  48  percent  of  all 
worker  exposures  were  at  or  below  20 
pg/m3.  Based  on  additional  information 
provided  by  NEMA  [2,  Table  II],  for 
three  process  areas  representing  80 
percent  of  the  exposed  workforce 
exposures  were  at  or  below  20  pg/m3  for 
60  percent  of  employee  exposures. 

NEMA  supplied  occupational 
exposure  data  in  its  original  submission 
by  process  step  for  different  types  of 
batteries.  The  results  were  compiled  by 
NEMA  from  data  supplied  by  six  battery 
manufacturers  [2,  Table  III]  and  are 
reprinted  in  Table  VIII-C4. 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  42225 


Table  Vlll-Cl.— Profile  of  Occupational  Exposures  to  Cadmium  in  the  Nickel-Cadmium  Battery  Industry  Based  on 

JACA  Corporation 


Concentration  in  jig/m* 

Job  category 

Geometric 

mean 

Median 

Range 

Materials  handler .  . . .  . . . 

0.18 

0.05 

0.05-14.00 

16.52 

20.00 

10.00-22.00 

14.19 

14.00 

12.00-17.00 

90.07 

83.00 

26.00-284  00 

7.96 

9.50 

3.00-12.00 

1.11 

1.05 

0.05-7.00 

3.47 

3.00 

0.05-1,560.0 

Source:  JACA  Corporation,  Exhibit  13,  Table  3-6. 


Table  VHI-C2.— Profile  of  Occupa¬ 
tional  Exposures  To  Cadmium  in 
the  Nickel-Cadmium  Battery  Indus¬ 
try  Based  on  PACE  Incorporated 


Table  VIII-C2.— Profile  of  Occupa¬ 
tional  Exposures  To  Cadmium  in 
the  Nickel-Cadmkjm  Battery  Indus¬ 
try  Based  on  PACE  Incorporated— 


Table  VIII-C2.— Profile  of  Occupa¬ 
tional  Exposures  To  Cadmium  in 
the  Nickel-Cadmium  Battery  Indus¬ 
try  Based  on  PACE  Incorporated— 


Geometric 

Continued 

Continued 

Job  category 

mean 

exposures 

(pg7m^ 

Job  category 

Geometric 

mean 

exposures 

(A g/nO 

Job  category 

Geometric 

mean 

exposures 

(Ao^m5) 

Impregnation  area  operator 

4.3 

1.8 

1 . 

2. . . 

Cell  Closing  Operator. 

46.0 

Negative  plate  preparation  opera- 

3 . . . 

106 

12  JQ 

1 . . 

75.0 

4 . 

14.0 

2 . 

78.0 

5 .  ' 

130.0 

13.0 

3.0 

3 . 

32.0 

6 . . . 

28.0 

Electrical  tester . 

4 . 

83.0 

Cell  assembly  operator 

1 . . . . . . 

15.0 

72.0 

Negative  plate  manufacturing . 

252.0 

Source.  PACE  Incorporated.  Exhibi 
ment  L.  Table  A4-1. 

It  19-43.  Attach- 

Table  VIII-C3. — Profile  of  Occupational  Exposures  To  Cadmium  in  the  Nickel-Cadmium  Battery  Industry  Based  on 

MBS  Incorporated 

[In  percent] 


Distribution  ot  exposures  (^g/m^ 


Process 

0-5 

6-20 

21-50 

51-100 

101-150 

Over 

150 

Platemaking . . . . . _ . _ . . 

0.9 

9.8 

26.8 

25.0 

36.6 

Impregnation . . . _ . 

40.7 

18.6 

2.6 

0.8 

0.0 

Plate  preparation . . . . . . . . . 

HrH 

60.9 

30.4 

5.8 

0.0 

0.0 

Ceil  assembly . „ . . . 

Ea 

30.8 

24.4 

20.8 

4.9 

0.8 

Source:  Mutbnationfri  Business  Services,  Inc,,  Exhibit  19-37  B,  Exhibit  1. 


Unfortunately,  NEMA  did  not  submit  the 
individual  monitoring  results,  did  not 
provide  mean  exposure  levels,  and  did 
not  give  any  indication  of  the 
distribution  of  exposures.  However,  the 
data  do  indicate  that  the  type  of  battery 
produced  does  not  significantly  affect 
the  ranges  of  exposures  in  most  of  the 
process  steps. 

As  part  of  its  post-hearing  comments 
NEMA  supplied  more  detailed  exposure 
data  from  five  facilities.  [8,  appendices 
1-5  and  7,  p.  2].  The  facilities  were 
identified  as  companies  A  through  E  and 
the  data  are  summarized  in  Tables  VIII- 
C5  through  VIII-C9,  respectively.  At 
company  A,  average  exposure  levels  for 
non-manufacturing  areas,  for  the  lab,  for 
ambient  air  in  the  production  buildings. 


and  for  three  of  four  production 
processes  were  below  15  fig/m3. 
Company  B  submitted  only  a  series  of 
ranges  of  exposures.  Some  ranges 
included  exposures  from  1  fig/m*  to  over 
1,000  fig/m3;  at  least  one  exposure  range 
for  most  processes  was  between  1  fig/ 
ms  and  20  fig/m3.  Company  C  submitted 
exposure  data  for  non-manufacturing 
areas  (all  less  than  3  fig/m3)  and  for  the 
platemaking  process.  Three  of  the  four 
operations  in  the  platemaking  process 
had  mean  exposures  of  less  than  25  fig/ 
m3.  Data  submitted  by  company  D  show 
that  eight  of  ten  job  categories  in 
production  had  exposures  of  13  fig/m3  or 
less.  Company  E  submitted  data  for  six 
production  job  categories,  and  four  of 
these  had  exposures  of  13  ftg/m3  or  less. 


Table  VIII-C4.— Profile  of  Occupa¬ 
tional  Exposures  To  Cadmium  in 
the  Nickel-Cadmium  Battery  Indus¬ 
try  By  Type  of  Battery  Produced 
Based  on  NEMA 


Process  step 

Ranges  of  cadmium 
concentrations  (*tg/m^ 

Industrial- 

aerospace- 

miktary 

batteries 

Household- 

commercial 

batteries 

Platemaking . 

4-180 

5-190 

Impregnation . 

5-180 

5-180 

Plate  preparation . — 

2-104 

12-190 

Cell  assembly . 

- - - 

8-40 

Source:  NEMA.  Exhibit  19-37,  Table  Ul. 
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Table  VIII-C5.— Cadmium  Exposure 
Data  for  Nickel-Cadmium  Battery 
Production  at  Company  A 


Average  exposure  level 
(jtg/nO 


Table  VIII-C6.— Cadmium  Exposure 
Data  for  Nickel-Cadmium  Battery 
Production  at  Company  B— Contin¬ 
ued 


Range  of 
exposure 
levels  (jig/nO 


Table  VIII-C8.— Cadmium  Exposure 
Data  for  Nickel-Cadmium  Battery 
Production  at  Company  D 


Sample  results  (Tlpg/rrO 


1989 


1  Source:  NEMA,  Exhibit  96. 

3  Source:  NEMA.  Exhibit  124. 

Table  Vlll-CG. — Cadmium  Exposure 
Data  for  Nickel-Cadmium  Battery 
Production  at  Company  B 


Range  of 
exposure 
levels  (jtg/rrO 


Platemakmg — 

Paste  application: 

June,  1990 _ 

April,  1990 _ 

March.  1990 _ 

February,  1990. 
January,  1990 .. 
1987-1989 _ 


Table  VIII-C7.— Cadmium  Exposure 
Data  for  Nickle-Cadmium  Battery 
Production  at  Company  C 


Exposure  levels  0*g/m^ 


Geometric 

mean 


Table  VIII-C9. — Cadmium  Exposure 
Data  for  Nickel-Cadmium  Battery 
Production  at  Company  E 


Sample 

result 

(Tljig/ml 


OC  Lab. _ _ 

West  Bay . . 

Platemaking: 

Pellet  making _ 

Breakdown _ 

Cd-Ni  production _ 

Powder  packaging.... . . 


Source:  NEMA.  Exhibit  96. 


Source:  NEMA,  Exhibit  96. 


Table  VIII-C10.— Cadmium  Exposure  Data  for  Nickel-Cadmium  Battery  Production  From  NIOSH  Investigation  88-199 
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Table  VMl-CtO, — Cadmium'  Exposure  Data  for  Nickel-Cadmium  Battery  Production  From  NiOSH  Nvestigation  88-t99— 

Continued 


Cadmium  concentrations  (jig/m3) 


process 

Mean 

Median 

Range 

95 

89 

33-198 

Rate  preparation: 

Slitting  and  blanking . 

20 

13 

1-129 

Sorting  and  stacking . - . 

21 

12 

6-98 

Materials  handling . ! 

14 

» 

7-27 

16 

8 

4-43 

Cell  assembly: 

21 

T2 

4-70 

Closing . „ . . . 

5 

2 

t-21 

Source.  NIOSH,  Exhibit  128,  Attachment  3 


Table  VUI-GlO.  presents  data 
submitted  by  NIOSH  from  an  analysis  of 
exposures  at  a  nickel-cadmium  battery 
plant  evaluated  in  1988.  [8,  Attachment 
3,  Tables  1-4).  These  data  were  based 
on  over  1,000  monitoring  samples  taken 
at  the  plant  in  that  year.  NIOSH 
expressed  difficulties  in  compiling  the 
company’s  sampling  results  "due  to  lack 
of  consistent  workstation  terminology." 
In  three  of  the  four  production 
processes,  the  mean  exposures  for 
almost  all  job  categories  were  less  than 
25  pg/m3. 

Existing  and  Feasible  Additional 
Controls.  Nickel-cadmium  battery 
manufacturers  have  made  an  effort  to 
control  occupational  exposure  to 
cadmium.  Local  exhaust  ventilation, 
automation,  enclosure,  and 
housekeeping  practices  are  presently 
utilized  to  varying  degrees.  Respirator 
use  for  employees  in  high  exposure 
areas  is  standard  practice.  Further 
reductions  in  exposure  levels  are 
possible  through  increased  utilization  of 
current  control  methods  and  through  the 
implementation  of  additional  controls. 

JACA  Corporation’s  description  of 
baseline  controls  included  local  exhaust 
ventilation  hoods  for  three  of  five 
production  job  categories  (excluding 
supervisors  and  maintenance  workers). 
Additional  or  improved  ventilation 
systems  were  recommended  for  the 
materials  handler,  the  impregnation 
operator,  the  coating  operator,  and  the 
plate  preparation  operator.  JACA 
estimated  that  the  increased  ventilation 
would  reduce  exposure  levels  by  about 
85  percent  in  each  of  these  job 
categories.  [3,  Table  4-3]. 

JACA  also  recommended  other 
controls  to  limit  airborne  concentrations 
of  cadmium.  These  included  increased 
housekeeping,  such  as  vacuuming; 
additional  hygiene  practices,  such  as 
showering  and  using  separate  work 
clothing;  and  improved  information  and 
training  programs  to  encourage  work 
practices  that  minimize  exposure  levels. 


PACE  outlined  recommendations  for 
additional  controls  at  each  process  step 
in  ita  report.  [4,  section  4].  Additional 
controls  during  impregnation  would 
include  changes  in  material  handling 
methods,  improved  and  increased  local 
exhaust  ventilation,  isolation  of  the 
process,  and  increased  frequency  of 
wash  down  of  the  equipment  and  the 
area.  At  plate  preparation  operations  for 
sintered  plates,  feasible  engineering 
controls  would  include  "application  of 
local  exhaust  ventilation  at  locations 
that  are  not  significant  sources  under 
the  current  standard,  improved 
ventilation  at  the  currently  significant 
sources,  partial  enclosure  of  some 
phases  of  the  operation,  *  *  *  and 
significantly  increased  utilization  of  an 
expanded  central  vacuum  cleaning 
system."  (4,  p.  4-9]. 

For  operations  involving  paste  mixing 
and  plate  preparation  for  pressed  plates, 
PACE  assumed  that  each  would  have  to 
be  relocated  to  a  new  building,  specially 
constructed  with  a  state-of-the-art 
inside-out  design.  Paste  mixing  involves 
large  quantities  of  dry  cadmium-bearing 
powder,  and  PACE  conceded  that  even 
in  the  new  building,  "the  exposures  will 
be  [close]  to  the  current  PEL.”  [4,  p.  4- 
10].  PACE  also  listed  modified  material 
handling  methods,  isolation,  and 
significantly  increased  frequency  of 
clean-up  procedures  as  additional 
feasible  control  methods  for  these 
operations. 

During  cell  assembly,  additional 
controls  recommended  by  PACE 
included  improved  enclosures  of  process 
equipment,  increased  exhaust 
ventilation,  local  exhaust  ventilation 
provided  at  material  handling  sites,  and 
significantly  increased  general 
housekeeping  by  means  of  expanded 
central  vacuum  cleaning  systems. 

During  cell  closing,  "control  measures 
would  include  local  exhaust  at  specific 
generation  points,  isolation  of  the 
operation  from  the  other  cadmium 
generation  operations,  *  *  *  and  strict 


attention  to  general  housekeeping."  [4,  p. 
4-11].  The  PACE  report  did  not  include 
estimates  of  the  expected  effectiveness 
of  individual  controls  for  this  industry, 
but  similar  incremental  controls 
recommended  in  other  industries  were 
estimated  to  achieve  exposure 
reductions  from  70  to  over  90  percent  [4]. 
PACE  concluded  that  the 
implementation  of  all  recommended 
controls  for  nickel-cadmium  battery 
producers,  including  new  buildings, 
would  enable  mean  exposures  in  14  of 
18  job  categories  to  be  5  pg/m3  or  less 
and  mean  exposures  in  17  of  18  job 
categories  to  be  13  pg/m3  or  less  (4, 
’Table  A4-1]. 

NEMA  provided  a  general  view  of  the 
exposure  control  technology  in  use  at 
nickel-cadmium  battery  plants: 
“Companies  have  installed  the  best 
available  feasible  technology  for 
controlling  exposure  to  their  employees 
*  *  *  the  most  sophisticated 
manufacturing  equipment  *  *  * 
Ventilation  has  been  engineered  to  the 
extent  feasible  *  *  *  extensive 
respiratory  protection  programs  are 
being  used.”  [2,  p.  5].  NEMA  concluded 
that  a  major  redesign  of  manufacturing 
plants  would  be  required  in  an  attempt 
to  achieve  compliance  with  a  PEL  of  5 
pg/m3,  which  they  considered 
technologically  infeasible. 

The  MBS  report  presented  the  position 
that  5  pg/m3  is  technologically 
infeasible  with  engineering  controls  and 
work  practices.  The  MBS  report 
assessed  additional  controls  necessary 
for  an  attempt  to  achieve  compliance 
with  the  standard,  based  on  the 
assumption  that  new  buildings  would  be 
required  for  electrode  production  and 
assembly.  Methods  of  exposure 
reduction  short  of  such  extreme 
measures  were  not  discussed. 

In  its  post-hearing  comments,  NEMA 
listed  controls  that  have  been 
implemented  at  the  Gates  facility 
through  1990.  [6,  Table  1].  These 
included  improved  and  additional 
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ventilation  for  over  a  dozen  machines, 
process  isolation,  machine  enclosures, 
automated  paste  handling,  and 
improved  environmental  procedures  for 
employees.  Descriptions  of  controls  at 
other  companies  indicated  that 
ventilation,  protective  clothing,  and 
respirators  were  generally  employed  in 
areas  with  significant  cadmium 
exposure. 

Company  B  submitted  post-hearing 
comments  describing  the  additional 
controls  that  they  felt  would  be  required 
to  meet  a  separate  engineering  control 
air  limit  (SECAL)  of  25  fig/m3.  (9,  p.  1-8]. 
These  would  include  new  buildings  for 
despiraling  and  negative  platemaking 
operations,  major  process  modifications 
throughout  the  plant,  and  new 
production  equipment  such  as  leak  proof 
drying  ovens.  Many  less  drastic 
improvements  were  listed  as  well, 
including  improved  and  additional  local 


exhaust  ventilation,  improved  enclosure, 
increased  vacuuming,  and  periodic  wash 
down. 

Implementing  changes  and  exercising 
extra  care  in  work  practices  can  result 
in  significant  reductions  in  exposure 
levels.  OSHA  inspections  and  NIOSH 
health  hazard  evaluations  often  reveal 
that  the  total  amount  of  a  contaminant 
released  into  the  air  can  depend  heavily 
on  how  employees  handle  products, 
containers,  and  equipment.  This  factor 
will  be  of  vital  importance  in  complying 
with  the  new  standard:  one  gram  of 
cadmium  dust  is  sufficient  to  produce  an 
airborne  concentration  of  25  pg/m3  for 
40  thousand  cubic  meters  or  about  1.4 
million  cubic  feet  of  air. 

Technologically  feasible  limits  fora 
SECAL.  Given  the  array  of  existing 
exposure  data,  OSHA  separated 
exposures  into  high  and  low 
occupation/process  exposure  groups  to 


facilitate  the  feasibility  analysis.  (For  a 
more  detailed  discussion  of  the 
approach  see  the  preceding  section  B — 
Discussion  of  Technological  and 
Economic  Feasibility  Determinations). 

Data  were  divided  at  a  breakpoint 
which  maximized  the  difference 
between  the  two  data  sets.  This  exercise 
resulted  in  the  identification  of  “high” 
exposure  occupations/processes  which 
included  plate  preparation  and 
platemaking  operations.  (It  is  recognized 
that  job  titles  differ  among  plants;  some 
operators  performing  the  same  activities 
have  different  job  titles  in  different 
plants.)  All  other  occupations/processes 
were  categorized  as  having  "low” 
exposures,  including  impregnation  and 
cell  assembly  operations  and  activities. 
Figure  VIII-Cl  shows  the  segregated 
data. 
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Approximately  375  workers  are 
included  in  the  high  exposure  group  and 
1,125  employees  are  in  the  low  exposure 
group. 

Median  exposure  data  for  the  two  sets 
were  as  follows: 


High 

group 

Low 

group 

Number  of  observations . 

26 

48 

Mean . 

72.9 

14.4 

62.7 

23.5 

To  verify  that  the  two  groups  within 
this  industry  were  distinct,  a  t  test  was 


performed  on  the  difference  in  the 
means.  The  null  hypothesis  that  the 
means  of  the  exposure  data  were  equal 
was  rejected,  and  the  Agency  concluded 
that  the  exposure  groups  were  drawn 
from  separate  distributions. 

After  the  statistical  difference 
between  high  and  low  exposure  groups 
was  verified,  the  data  were  treated 
separately.  In  developing  Figures  VIII- 
C2  and  VIII-C3,  individual  occupation/ 
process  median  or  mean  exposure 
values  were  drawn  from  each  of  the 
different  data  sources. 

A  modelling  process  was  employed  in 
order  to  correctly  identify  appropriate 


SECAL  levels  for  the  two  groups.  The 
current  exposure  patterns  were  reduced 
based  upon  alternative  engineering 
control  efficiency  levels  of  80,  60, 40,  and 
20  percent.  The  higher  the  efficiency 
level,  the  lower  the  projected  exposure 
level. 

Figures  VIII-C4  and  VIII-C5  show  the 
reduction  and  shift  in  the  distribution  of 
exposures  for  the  high  and  low  groups  in 
nickel-cadmium  battery  production. 
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(The  higher  the  reduction  factor  the 
closer  the  projected  exposure  line  moves 
to  the  vertical  axis.)  •  .  ■  < 

The  selection  of  an  appropriate 
efficiency  reduction  factor  was  based  on 
evidence  and  testimony  in  the  record 
and  economic  feasibility  considerations. 
The  only  basis  for  revising  an 
engineering  control  efficiency  factor 
down  was  economic  infeasibility.  The 
industry  cost  to  profit  ratio  was  used  as 
a  guide  in  this  process. 

A  criticism  of  OSHA’s  preliminary 
feasibility  analysis  was  that  the 
estimates  of  control  effectiveness  were 
overly  optimistic.  For  example,  JACA 
estimated  that  the  expected  efficiency  of 
new  or  improved  local  exhaust 
ventilation  systems  for  exposures  in  the 
battery  industry  would  be  85  percent  in 
most  cases  and  up  to  96  percent  in 
situations  where  high  hood  efficiency 
was  possible.  [3,  p.  4-9  and  13,  p.  9]. 

The  strongest  criticism  of  the  JACA 
estimates  was  presented  by  PACK  For 
the  nickel-cadmium  battery  industry  the 
PACE  analysis  concluded  that  a  net 
reduction  of  exposure  levels  of 
approximately  75  percent  could  be 
achieved  in  plate  preparation  operations 
primarily  through  improved  exhaust 
ventilation,  improved  enclosure,  and 
improved  housekeeping.  [13,  p.  8].  PACE 
also  concluded  that  "Engineering 
controls  can  bring  one  of  these 
[impregnation  process]  operations  into 
compliance  with  a  5  pg  Cd/m3  but  not  a 
1  pg  Cd/m3  standard.  Three  of  these 
operations  are  amenable  to  separation 
from  the  cadmium  source,  and, 
therefore,  can  comply  with  the  proposed 
5  pg  Cd/m3  standard.”  [13,  Appendix  5, 

p.  2]. 

PACE  referred  to  “the  installation  of 
more  extensive  engineering  controls"  for 
many  other  operations  but  did  not  offer 
estimates  of  the  effectiveness  of  any 
individual  controls.  PACE  estimated 
that  overall  reductions  of  80  to  over  90 
percent  in  mean  exposures  could  be 
achieved  in  most  job  categories  in  the 
nickel-cadmium  battery  industry.  [4, 
Table  A4-1],  For  two  processes  these 
reductions  included  new  buildings,  but 
for  the  balance  the  controls  consisted  of 
conventional  technology,  such  as 
improved  local  exhaust  ventilation, 
changes  in  material  handling  methods, 
partial  enclosure,  increased  vacuuming 
and  washdown,  and  partitions.  [4,  p.  4-6 
through  4-12]. 

The  testimony  of  two  independent 
industrial  hygienists  [10, 11]  and  of  the 
experienced  experts  and  industrial 
hygienists  of  NIOSH  [12]  supported  the 
conclusion  that  conventional  control 
technology  can  substantially  reduce 
cadmium  exposures  across  all 
industries.  » 


OSHA  notes  that  controls  can  be  used 
individually  or  in  combination.  If  one 
control  is  not  sufficient,  additional  ones 
can  be  used.  It  is  the  interaction  of 
various  engineering  controls  and  work 
practices  as  part  of  an  integrated  system 
of  controls  that  will  produce  the  best 
overall  reduction  in  exposure  levels. 

This  review  and  analysis  of  the  record 
needed  to  be  supplemented  with 
economic  feasibility  considerations 
before  a  determination  could  be  made 
regarding  appropriate  engineering 
controls  and  their  effectiveness  level. 

For  battery  producers,  engineering 
solutions  to  achieve  an  80  percent  or 
higher  reduction  in  cadmium  levels 
would  have  required  major  capital 
expenditures  (multi-million  dollars  per 
plant)  to  rebuild  or  replace  existing 
facilities.  Yet  annual  profits  in  this 
sector  are  reported  to  be  less  than  $7.5 
million  (see  Economic  Impact  Section). 
Capital  expenditures  needed  to  achieve 
an  80  percent  reduction  in  cadmium 
levels  do  not  appear  to  be  economically 
feasible  at  this  time.  Instead,  less 
expensive  engineering  controls  with  a 
lower  efficiency  expectation  (40-60 
percent)  were  identified.  Based  on  this 
reasoning  OSHA  determined  that  a 
reduction  of  40-60  percent  in  cadmium 
exposures  in  the  nickel-cadmium  battery 
industry  was  both  technologically  and 
economically  feasible. 

Following  the  selection  of  this 
efficiency  factor  range,  the  appropriate 
SECALa  for  each  exposure  group  were 
identified  at  the  level  achievable  for  60- 
80  percent  of  the  exposure  observations. 
For  the  high  exposure  occupations/ 
processes  group,  including  plate 
preparation  and  plate  making  activities, 
a  SECAL  of  50  pg/m3  was  identified. 

For  all  other  occupations /processes  in 
this  industry,  a  SECAL  of  15  pg/m3  was 
identified. 

Compliance  with  the  PEL  of  5  pg/m8 
with  engineering  controls  and  work 
practices  would  be  infeasible  in  this 
industry.  Compliance  with  this  standard 
can  only  be  achieved  through  the  use  of 
respirators.  Respirators  are  readily 
available  with  a  wide  range  of 
protection  factors  that  can  adequately 
protect  workers  from  the  potential 
exposures  in  this  industry.  It  is  likely 
that  respiratory  protection  would  be 
required  for  most  of  the  production  and 
maintenance  employees  full  time.  This 
fact  was  recognized  by  OSHA  in  the 
preliminary  regulatory  impact  analysis 
(PRLA);  the  conclusion  was  repeated  by 
virtually  all  commentere  who  addressed 
the  issue  and  is  consistently  supported 
by  the  substantial  evidence  in  the 
record. 

NIOSH  expressed  significant 
reservations  about  implementing 


mandatory  daily  respirator  use  for  entire 
production  shifts,  even  if  the  PEL  was 
infeasible.  "Never  as  a  routine  practice 
would  we  recommend  that  respirators 
be  worn  full  time  by  employees.”  [14,  p. 
8-202].  Such  respirator  use  has  negative 
effects  that  may  affect  an  employee’s 
comfort,  ability  to  communicate,  and 
productivity.  OSHA  believes  that  the 
increased  health  risks  associated  with 
exposures  to  low  levels  of  cadmium 
warrant  the  requirement  for  respiratory 
protection  despite  these  effects. 

Costs  of  Compliance  with  a  50-15 fig/ 
m3  SECAL  and  5  pg/m3  PEL  Estimates 
of  total  compliance  costs  for  nickel- 
cadmium  battery  producers  submitted  to 
the  record,  varied  greatly.  The 
calculation  of  these  costs  can  be  broken 
down  into  several  components,  such  as 
the  types  of  controls  that  are  assumed  to 
be  required,  the  number  of  controls  that 
would  be  required,  the  unit  cost  of  the 
required  controls,  and  the  costs  of  ' 
requirements  identified  in  the  rule.  An 
evaluation  of  the  evidence  in  the  record 
regarding  compliance  costs  reveals  a 
general  agreement  on  these  cost 
estimates. 

Disagreement  on  total  compliance 
costs  was  invariably  related  to  a 
misunderstanding  of  technological 
feasibility.  One  misunderstanding 
involved  the  criteria  for  judging 
technological  feasibility.  OSHA’s 
approach  to  technological  feasibility  is 
based  on  concerns  about  employee 
health  risks  and  fairness  to  employers. 
The  approach  incorporates  a  recognition 
that  respirators  may  be  necessary  to 
reach  a  protective  exposure  level  under 
certain  circumstances  and  includes  a 
corresponding  flexibility  in  enforcement. 
A  thorough  discussion  of  this  approach 
can  be  found  in  the  lead  remand 
analysis  [54  FR  29142]. 

The  assumption  that  a  technologically 
feasible  level  is  one  which  will  be  very 
rarely  exceeded  by  any  exposure 
sample  will  result  in  dramatically  higher 
cost  estimates  for  a  given  exposure 
limit.  This  erroneous  assumption  leads 
to  the  conclusion  that  all  imaginable 
controls  must  be  implemented  at  very 
high  cost. 

The  cost  estimates  produced  by 
PACE,  NEMA,  and  MBS  were  based  on 
the  assumption  that  a  level  is  feasible 
only  if  the  probability  of  any  sample 
exceeding  the  level  is  very  small  (less 
than  5  percent).  PACE  considered  a 
level  achievable  only  if  the  mean 
exposure  was  less  than  40  percent  of  the 
level.  NEMA  remarked  that  "there  are 
frequent  excursions  of  20  to  25  pg/m3 
due  to  process  upsets  so  that  an 
exposure  level  of  30  pg/m3  cannot  be 
achieved  with  95%  certainty  even  under 
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these  rigorous  controls."  [6,  p.  5). 

OSHA's  requirements  for  methods  of 
compliance  already  take  into  account 
situations  such  as  process  upsets  and 
maintenance  by  explicitly  recognizing 
that  engineering  controls  may  not  be 
feasible  for  these  circumstances. 

Another  mistaken  assumption  which 
resulted  in  grossly  inflated  estimates  of 
total  costs  involved  the  requirement  to 
install  engineering  controls  to  the  extent 
feasible.  NEMA  claimed  that  "Every 
U.S.  manufacturer  would  be  faced  with 
virtual  redesign  of  sizable  segments  of 
its  production  facilities  in  order  to 
attempt  to  meet  the  proposed  exposure 
standards."  [2,  p.  7].  PACE  and  MBS 
included  the  cost  of  new  buildings  in 
their  total  cost  estimates;  such  costs 
comprised  most  of  the  total  cost 
estimate.  OSHA’s  approach  to 
feasibility  does  not  require  employers  to 
go  to  such  extreme  lengths. 

In  estimating  the  costs  of  compliance 
with  this  standard,  OSHA  first 
estimated  the  costs  of  installing  feasible 
additional  controls  within  existing 
building  structures.  The  original 
estimate  for  this  was  provided  by  JACA 
in  the  preliminary  analysis.  In  current 
dollars,  the  estimated  cost  of  local 
exhaust  ventilation  systems  (installed) 
ranged  from  $51,000  to  $112,000.  Annual 
operating  and  maintenance  costs  were 
estimated  to  be  10  percent  of  the  capital 
cost.  JACA  also  estimated  that  HEPA- 
filtered  industrial  vacuum  cleaners 
would  cost  about  $1,500  each  and  that 
the  cost  of  additional  vacuuming  would 
be  the  current  nonsupervisory  wage 
rate.  [3,  p.  6-8  and  6-28]. 

In  the  PACE  report,  descriptions  of 
recommended  controls  for  the  nickel- 
cadmium  battery  industry  were  linked  to 
specific  cost  estimates.  PACE  identified 
additional  controls  for  an  operation 
already  provided  with  exhaust 
ventilation  that  included  "a  new  Venturi 
scrubber  of  1500  cfm  capacity  to  reduce 
air  emissions  *  *  *  providing  CAI  [clean 
air  island]  air  supply  plenum  of  about  6 
feet  by  15  feet  at  the  operator  work 
station  *  *  *  The  area  would  be  steam- 
cleaned  and  painted  *  *  *  and  it  would 
then  be  partitioned  off  from  the  rest  of 
the  building."  (4,  p.  2-4 J.  For  this 
operation,  PACE  expected  mean 
exposure  levels  to  be  reduced  from  54 
pg/m3  to  9  p.g/m3;  the  capital  cost  was 
estimated  to  be  $126,000  and  the 
estimated  annual  operating  cost  was 
$18,100. 

For  another  job  category,  PACE 
expected  mean  exposures  to  be  reduced 
from  34  pg/m3  to  5  p.g/m3  through  the 
installation  of  a  new  hood  and  exhaust 
system,  the  establishment  of  a  clean  air 
island  over  the  work  station,  and  by 
steam  cleaning  and  painting  the  room. 


PACE  estimated  that  the  capital  costs 
associated  with  these  controls  would  be 
$43,000  and  that  the  annual  operating 
cost  would  be  $16,900.  [4,  p.  2-5]. 

The  PACE  report  included  itemized 
costs  in  some  tables.  The  cost  of  clean 
air  islands  was  given  as  $3  per  cfm 
(cubic  foot  per  minute)  with  systems 
ranging  from  2,000  cfm  to  9,000  cfm  that 
cover  areas  from  4  feet  by  5  feet  to  6  feet 
by  15  feet.  The  cost  of  an  exhaust 
ventilation  system  with  Venturi 
scrubbers,  sloped  and  flushed  corrosion 
resistant  ducts,  and  a  4,500  cfm  capacity 
was  estimated  to  be  $57,000.  Partitioning 
an  area  from  the  rest  of  the  plant  with 
900  square  feet  of  material  was 
estimated  to  co9t  $9,000.  And  the  cost  of 
a  new  vacuum  cleaning  system  was 
estimated  to  be  $15,000.  [4,  Table  A2-4]. 

JACA  estimated  that  additional 
engineering  controls  could  be  installed 
for  four  of  five  major  job  categories 
(materials  handler,  impregnation 
operator,  coating  operator,  and  plate 
preparation  operator)  identified  in 
nickel-cadmium  battery  production.  The 
battery  manufacturing  process 
description  offered  by  PACE  described 
additional  controls  that  could  be  applied 
in  six  areas  but  did  not  give  an 
indication  of  the  number  of  such 
controls  to  be  implemented.  In  its  total 
cost  estimate  PACE  included  expensive 
modifications  to  the  air  conditioning 
system  and  the  replacement  of 
baghouses  with  banks  of  HEPA  filters. 
While  these  changes  may  lower 
cadmium  concentrations  in  air  released 
from  the  building,  OSHA  believes  that 
the  effect  on  employee  exposures  would 
be  negligible. 

The  total  costs  given  in  the  PACE 
report  also  included  new  buildings,  an 
expanded  water  treatment  facility,  and 
"a  crew  of  janitorial  personnel"  that 
would  “wet  wipe  any  contaminated 
surfaces  throughout  the  work  shifts." 
OSHA  believes  that  exposure  levels  can 
be  sufficiently  reduced  without  Incurring 
such  expenses.  PACE  also  claimed  that 
in  addition  to  an  annual  expense  of  $1.8 
million  for  increased  maintenance, 
power  and  fuel,  a  single  plant  would 
incur  $2.1  million  annually  for 
“increased  operating  labor."  [4,  p.  4-5 
and  Table  A4-2]. 

OSHA  explicitly  and  repeatedly 
asked  industry  sources  to  provide  costs 
for  individual  controls  recommended  in 
each  area.  The  costs  supplied  by  PACE 
for  the  nickel-cadmium  battery  industry 
were  aggregated  and  included  items  not 
needed  for  compliance  with  the 
standard.  Similarly,  the  high  cost 
estimates  developed  by  MBS  were 
associated  with  new  buildings  and  also 
included  over  $5.9  million  for  "annual 
operating  costs."  MBS  did  not  list  costs 


for  specific  controls  operation  by 
operation.  [5]. 

Company  B  submitted  post-hearing 
comments  describing  the  controls  that 
could  be  implemented  in  nine 
manufacturing  areas.  The  list  of  controls 
was  based  on  a  perceived  need  for 
“achieving  25  p,g/m3  95%  of  the  time” 
and  included  new  buildings  as  well  as 
other  major  rebuilding  efforts.  These 
controls  go  beyond  what  OSHA 
considers  additional  feasible  controls. 
Costs  for  the  engineering  controls  were 
not  itemized;  aggregated  costs  of 
millions  of  dollars  were  not  explained, 
and  it  is  unclear  how  over  $4  million  in  ' 
annual  expenses  in  addition  to  the 
capital  costs  were  calculated.  [9]. 

Since  72  percent  of  the  nickel- 
cadmium  batteries  manufactured  in  the 
United  States  are  produced  by  one  plant 
[15,  p.  3],  it  is  difficult  to  develop  a 
single  profile  of  the  number  of  controls 
required  by  a  typical  plant  Company  A 
submitted  exposure  data  for  nine 
operations  distributed  among  the  four 
manufacturing  process  steps.  Most  of 
these  currently  have  some  degree  of 
ventilation,  and  respiratory  protection  is 
used  in  five  of  the  nine  operations. 
Company  B  listed  fourteen  job  titles  for 
the  four  process  steps  in  its  exposure 
data  and  indicated  current  use  of 
ventilation  and  respiratory  protection  to 
some  degree.  For  Company  C  the 
primary  location  of  cadmium  use  was  in 
one  small  highly-protected  room; 
exposure  data  were  listed  for  four 
activities  within  the  one  process  step. 
Potential  control  measures  included 
enclosure,  ventilation,  and  respirators. 
Company  D  listed  exposures  for  nine 
production  job  categories.  These  were 
located  in  three  of  the  four  production 
process  steps.  Company  E  listed 
exposures  for  six  job  categories  and 
indicated  that  ventilation  controls  were 
present  at  each  one.  [6,  Appendices  1-5]. 

Based  on  a  review  of  all  comments 
submitted  to  the  record,  OSHA 
concludes  that  Table  VIII-Cll  provides 
a  fair  and  accurate  representation  of  the 
additional  controls  and  costs  needed  to 
comply  with  the  50-15  pg/m3  SECAL 
levels.  Employers  are  able  to  choose 
among  these  and  any  other  controls  to 
reduce  exposures  in  the  most  cost- 
effective  manner  for  their  particular 
circumstances.  For  example,  an 
employer  may  already  be  providing 
ventilation  in  one  operation  and  may 
choose  to  install  a  pneumatic  conveying 
system,  glove  box  technology, 
modifications  to  material  handling 
methods,  or  another  solution  for  the 
specific  situation.  The  resulting  costs 
would  generally  be  comparable  to  those 
estimated  in  Table  VIII-Cll. 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  42237 


The  largest  plant,  with  approximately 
50  percent  of  the  exposed  employees  in 
the  industry  and  "with  as  many  as  16  to 
19  discrete  operations’*  (2,  p.  5],  was 
estimated  to  need  new  or  improved 
local  exhaust  ventilation  at  eight 


locations,  clean  air  islands  at  ten 
locations,  two  additional  central 
vacuum  cleaning  systems,  and  improved 
enclosure  or  partitions  for  five 
operations.  Tie  numbers  of  these 
controls  estimated  to  be  implemented 


are  greater  than  the  number 
recommended  in  either  the  PACE  or  the 
MBS  reports  [4.5].  In  contrast,  these 
sources  based  their  cost  estimates  on 
more  extensive  building  modifications 
and  new  buildings  construction. 


Table  Vllt— Cl  1 . — Estimated  Costs  of  Engineering  Controls  for  Cadmium  in  the  Nickel-Cadmium  Battery  Industry 


Type  ol  control 

Controls  per  plant  by  size  of  plant 

Total 

industry 

controls1 

Cost  per  control  ((thousands) 

Industry  costs  ((thousands) 

Total 

annua¬ 

lized 

industry 

cost 

((thou¬ 

sands) 

Small 

Medium 

Large 

1 

Capital  « 

Annual 

power 

and 

mainte¬ 

nance 

Annual 

labor 

Capital 

Annua¬ 

lized 

capital 

Annual 

power 

and 

mainte¬ 

nance 

Annual 

labor 

Local  Exhaust 

■ 

Ventilation . i 

1 

5 

8 

29 

80 

8 

0 

2,320 

377 

232 

609 

Clean  Air 

Islands . . 

1 

5 

10 

31 

18 

2 

0 

558 

91 

62 

HI 

153 

Central  Vacuum 

Systems . 

2 

7 

15 

1 

7 

105 

17  j 

7  ! 

49 

73 

Enclosure..- . 

K2 

S 

17 

0 

153 

25 

0  1 

0 

25 

HH 

HE 

64 

3,136 

511 

301 

49 

861 

WlBSiBSt 

■MHNMfi 

SaB 

1  Based  on  one  small  plant  lour  medium  plants,  and  one  large  plant 
Source:  Office  of  Regulatory  Analysis,  OSHA,  U  S.  Department  of  Labor. 


Additional  controls  at  each  of  the  four 
medium-sized  plants  were  estimated  to 
be  five  new  or  improved  local  exhaust 
ventilation  systems,  five  clean  air 
islands,  one  additional  central  vacuum 
cleaning  system,  and  new  or  improved 
enclosures  for  three  operations.  At  the 
smallest  plant  where  exposures  are 
limited  to  one  room  and  where  the 
manufacturing  exposure  monitoring  data 
were  representative  of  two  employees, 
feasible  additional  controls  would 
include  an  improved  local  exhaust 
ventilation  system  and  a  clean  air 
island. 

Further  reductions  in  exposures  can 
be  achieved  at  all  plants  through  more 
attention  to  appropriate  work  practices 
and  through  improved  housekeeping 
practices.  Table  VIII-Cll  summarizes 
the  costs  associated  with  the  additional 
controls.  The  capital  costs,  the  annual 
power  and  maintenance  costs,  and  the 
annual  labor  costs  are  presented  for 
each  control  Capital  costs  for  the 
industry  are  estimated  to  be  $3.1  million 
and  annual  costs  are  estimated  to  be 
$350,000.  Total  annualized  costs  were 
calculated  by  amortizing  the  capital 
costs  over  ten  years  with  a  ten  percent 
interest  rate  and  adding  the  resulting 
annualized  cost  to  the  other  annual 
costs.  The  annualized  costs  of 
engineering  controls  in  the  nickel- 
cadmium  battery  industry  are  estimated 
to  be  $861,000. 

Compliance  with  other  provisions  in 
the  new  cadmium  standard  would  also 
require  additional  costs.  These  include 
costs  for  increased  respirator  use,  more 
comprehensive  exposure  monitoring 
programs,  medical  surveillance 


requirements  (including  requirements  for 
medical  removal),  hygiene  provisions 
(shower  and  eating  facilities  and 
protective  work  clothing),  and 
additional  efforts  associated  with 
recordkeeping  and  other  information- 
related  requirements  (including 
regulated  areas,  compliance  programs, 
and  training). 

Nickel-cadmium  battery  plants 
generally  have  established  respirator 
programs  for  employees  in  high 
exposure  areas.  In  order  to  comply  with 
the  PEL  of  5  pg/ms  it  is  likely  that  80 
percent  of  the  production  and 
maintenance  employees  would  be 
required  to  wear  respirators  full  time 
after  the  implementation  of  additional 
feasible  controls.  ]ACA  estimated  that 
about  half  of  the  employees  exposed 
above  the  new  PEL  already  wear 
respirators  full  time,  and  this  estimate 
was  consistent  with  information 
supplied  by  industry.  [3,  p.  6-17].  Thus, 
the  revised  standard  would  require 
respirator  costs  for  an  additional  40 
percent  of  the  1,500  production  and 
maintenance  employees,  or  about  600 
workers. 

Appropriate  respiratory  protection 
was  estimated  to  cost  $300  per  employee 
per  year.  Most  commenters  did  not 
provide  estimates  of  the  additional  cost 
of  respiratory  protection  except  to 
indicate  that  the  numbers  of  employees 
had  been  underestimated  in  the 
preliminary  analysis.  One  industry 
commenter  estimated  that  the  annual 
cost  of  protecting  an  employee  with  a 
HEPA-filtered  respirator,  including  a  fit 
test  would  be  $295  (17,  Attachment  III]. 
The  estimated  incremental  annual  cost 


of  respiratory  protection  for  the  nickel- 
cadmium  battery  industry  is  $180,000. 

The  revised  standard  requires  semi¬ 
annual  exposure  monitoring  of  "each 
shift  for  each  job  classification  in  each 
work  area”  but  also  allows 
representative  samples  to  be  taken  for 
workers  with  similar  exposures.  JACA's 
assessment  that  the  typical  battery  plant 
already  performs  this  sampling  annually 
was  supported  by  the  monitoring  data 
submitted  by  industry.  OSHA  expects 
that  plants  will  need  to  monitor  2  to  20 
job  categories  with  an  average  of  about 
10  job  categories  per  plant.  The  revised 
standard  would  require  each  shift  to  be 
monitored  separately,  and  thus  a  total  of 
about  180  jobs  would  need  to  be 
monitored  (10  job  categories  per  plant 
times  6  plants  times  3  shifts). 

The  lab  analysis  of  each  exposure 
monitoring  sample  is  estimated  to  cost 
$40.  The  services  of  an  industrial 
hygienist  or  other  qualified  person 
necessary  to  perform  the  monitoring  for 
the  required  set  of  samples  on  average 
would  cost  about  $1,500  per  plant  (3,  p. 
6-23].  Thus,  the  estimated  annual  cost  to 
the  industry  attributable  to  increased 
exposure  monitoring  is  $16,200 
[8*$1,500+180*$40]. 

The  medical  surveillance 
requirements  of  the  revised  standard 
involve  a  complex  combination  of 
different  categories  of  employees  and  a 
series  of  triggers  and  schedules  of 
different  types  of  exams.  The  base 
requirements  are  for  annual  biological 
monitoring,  including  tests  for  cadmium 
in  urine,  cadmium  in  blood,  and  B*- 
microglobulin  in  urine,  and  for  a  full 
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medical  examination  every  two  years. 
More  frequent  biological  monitoring  and 
medical  exams  are  required  if  the  tests 
indicate  elevated  levels*  NIOSH 
submitted  data  on  the  results  of 
biological  monitoring  for  the  general 
population  and  for  workers  in  the 
nickel-cadmium  battery  industry.  [8, 
Attachment  3,  Tables  5  and  7].  These 
data  indicate  that  a  number  of 
employees  would  be  required  to  receive 
more  frequent  testing  and  exams. 

Nickel-cadmium  battery  producers 
generally  indicated  in  the  record  that 
medical  surveillance,  including 
monitoring  levels  of  cadmium  in  blood 
and  urine,  was  already  being  provided 
for  most  employees  exposed  to 
cadmium.  [16,  p.  10-96].  NEMA,  the 
trade  association  for  the  industry,  stated 
that  the  “industry  is  currently  employing 
medical  surveillance,  respirator  use, 
protective  clothing/equipment  use, 
regulated  areas  designation,  employee 
information  and  training,  and  labeling/ 
identification."  [2,  Attachment  1,  page 
3].  This  confirmed  OSHA’s  preliminary 
assessment  that  annual  medical  exams 
were  provided  to  employees  in  this 
industry. 

The  medical  surveillance  provisions 
of  the  final  rule  would  require  an 
expanded  program  for  most 
establishments  in  the  industry,  resulting 
in  both  more  workers  covered  and  more 
extensive  and  more  frequent  medical 
tests.  The  cost  of  an  annual  physical, 
including  the  wages  paid  to  the 
employee,  is  estimated  on  the  basis  of 
OSHA  experience  to  be  about  $250.  The 
cost  of  the  lab  analysis  for  a  B*- 
microglobulin  sample  was  cited  by  a 
public  health  research  group  as  $80.  [18, 
p.  4].  Analyses  of  samples  for  cadmium 
in  urine  and  cadmium  in  blood  are 
estimated  to  be  $60  each,  as  presented 
by  JACA  and  unchallenged  in  the 
record.  An  additional  $5  is  added  to  the 
cost  of  each  of  the  biological  monitoring 
samples  for  costs  associated  with 
collecting  the  samples. 

For  purposes  of  calculating  the 
incremental  costs  of  compliance 
associated  with  the  revised  standard 
and  consistent  with  the  evidence 
submitted  to  the  record,  OSHA 
estimated  the  numbers  of  additional 
exams  and  tests  that  could  be  expected 
to  be  required  annually.  Approximately 
300  additional  medical  exams  are 
estimated  to  be  needed  for  employees 
currently  not  covered  or  for  whom 
exams  would  be  required  more 
frequently,  including  employees 
receiving  medical  removal  protection. 
Tests  for  /32-microglobulin  generally  are 
not  currently  provided.  About  30  percent 
of  the  exposed  workforce  may  be 


subject  to  more  frequent  biological 
monitoring,  with  20  percent  receiving 
semi-annual  monitoring  and  10  percent 
receiving  quarterly  monitoring.  As  a 
result,  an  estimated  2,000  additional 
tests  for  /32-microglobulin,  750  additional 
tests  for  cadmium  in  urine  and  750  tests 
for  cadmium  in  blood  would  be 
necessary.  The  total  estimated  cost  for 
additional  medical  exams  and  biological 
monitoring  is  thus  estimated  to  be 
$342,500  annually. 

Requirements  for  medical  removal 
may  involve  compliance  costs  in 
addition  to  those  for  more  frequent 
medical  exams  and  monitoring 
estimated  above.  The  criteria  for 
mandatory  removal  would  affect 
employees  with  high  body  levels  of 
cadmium.  The  criteria  for  removal  also 
allow  for  considerable  physician’s 
discretion.  An  estimated  3  percent  of  the 
exposed  workforce  may  be  removed 
initially  on  the  basis  of  these  criteria 
and  the  discretion  of  physicians. 

Compliance  with  the  new  PEL  for 
cadmium  and  other  requirements  of  the 
final  cadmium  standard  should  prevent 
a  continuing  need  to  remove  employees. 
The  number  of  employees  with 
relatively  high  past  exposures  who 
would  be  more  likely  to  be  removed 
should  decline  through  attrition. 
However,  as  the  criteria  for  removal 
become  broader  in  future  years  (lower 
levels  of  cadmium  in  blood  and  urine 
will  trigger  mandatory  removal), 
additional  employees  may  be  subject  to 
removal.  The  costs  associated  with  the 
medical  removal  provisions  are 
approximated  by  assuming  that  on 
average,  3  percent  of  the  exposed 
workforce  may  be  removed  every  5 
years. 

The  number  of  employees  removed 
should  be  small  enough  to  enable 
establishments  to  provide  removed 
employees  with  alternative  positions. 
Costs  to  the  employer  would  include 
paying  possible  wage  differentials  and 
hiring  and  training  employees  in  new 
positions.  OSHA  estimates  that  the 
average  cost  per  removed  employee 
would  be  no  greater  than  $5,000.  An 
estimated  45  employees  may  be 
removed  every  five  years  on  average,  in 
the  nickel-cadmium  battery  industry, 
and  the  average  annual  cost  for  the 
industry  would  be  $45,000. 

The  total  annual  cost  for  the  medical 
surveillance  and  medical  removal 
provisions  is  estimated  to  be  $387,500. 

Other  provisions  of  the  revised 
standard  that  involve  compliance  costs 
include  those  related  to  hygiene 
facilities  and  to  additional 
recordkeeping.  As  previously  described, 
most  plants  already  comply  with 


requirements  for  work  clothing, 
regulated  areas,  information,  and 
training.  Some  of  these  requirements  are 
currently  covered  by  other  standards. 

Employers  in  the  nickel-cadmium 
battery  industry  indicated  that  although 
lunch  rooms  and  shower  rooms  were 
already  provided,  some  costs  would 
have  to  be  incurred  to  increase  their 
capacity  and/or  modify  the  facilities  as 
required  by  the  standard.  Employers 
would  also  have  to  pay  wages  to  the 
additional  employees  required  to 
shower  and  change.  Estimates  of  the 
costs  of  facility  modifications  range 
from  zero  to  over  $2  million.  The  high 
estimate  was  submitted  by  company  B 
which  did  not  itemize  costs.  OSHA 
believes  that  an  average  of  $200,000  in 
capital  costs  and  $5,000  in  annual 
operating  costs  would  be  representative 
of  most  firms.  These  figures  are 
supported  by  estimates  from  one  firm 
[17,  Attachment  3]  and  are  generally 
consistent  with  other  comments  in  the 
record.  The  estimated  cost  of  showering 
on  work  time  is  $900  per  employee 
annually  (based  on  fifteen  minutes  per 
day  for  240  days  per  year  at  $15  an  hour) 
and  would  apply  to  an  estimated  300 
additional  employees.  This  cost  estimate 
was  supported  by  one  industry  estimate 
[17,  Attachment  3).  Thus,  the  costs 
associated  with  the  hygiene 
requirements  are  estimated  to  be  $1.2 
million  in  capital  costs  and  $300,000  in 
annual  costs;  the  estimated  annualized 
cost  is  $495,000. 

Comments  that  addressed 
recordkeeping  usually  pointed  out  that 
the  requirements  were  burdensome  and 
unnecessary.  Comments  did  not 
contradict  the  costs,  which  were 
estimated  to  be  $5  per  employee 
annually;  this  estimate  was  confirmed 
by  one  industry  commenter  [17, 
Attachment  3).  This  cost  estimate 
includes  the  need  for  additional 
equipment  and  staff  time.  For  the  nickel- 
cadmium  battery  industry,  the  total 
annual  incremental  cost  would  be 
$7,500. 

A  summary  of  the  estimated  costs  of 
compliance  for  the  nickel-cadmium 
battery  industry  is  presented  in  Table 
VUI-C12.  The  total  annualized  cost  is 
estimated  to  be  $1.95  million.  Over  half 
of  this  cost  is  for  exposure  controls  and 
respirators;  most  of  the  remainder  is 
associated  with  medical  surveillance 
and  hygiene  facilities. 

Economic  feasibility  of  50-15^/0^ 
SECALs  and  5  \ig/nr>  PEL.  The  MBS 
study  submitted  by  NEMA  concluded 
that  additional  annual  compliance  costs 
of  $2.25  million  would  be  economically 
feasible  for  this  industry.  These  costs 
were  calculated  for  a  PEL  of  50  ng/ms, 
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NEMA  subsequently  urged  OSHA  to 
adopt  a  PEL  of  40  p,g/m3,  indicating  that 
costs  at  this  level  would  be 
economically  feasible.  The  arguments 
on  feasibility  limitations  submitted  by 
industry  generally  focused  on  the 
technological  infeasibility  of  achieving  5 
Hg/m3;  extremely  high  cost  estimates 
were  generated  at  this  level. 

OSHA  has  determined  that  the  costs 
associated  with  the  revised  cadmium 
standard  are  economically  feasible  for 
the  nickel-cadmium  battery  industry. 
Although  the  impact  of  these  costs  may 
not  be  negligible  and  can  be  expected  to 
include  reduced  profits,  the  effects  of 
the  cadmium  standard  should  not  be 
substantial  in  comparison  to  the  general 
market  forces  affecting  this  industry. 

Table  VIII-C1 2.— Estimated  Costs  of 
Compliance  With  the  Cadmium 
Standard  for  the  Nickel-Cadmium 
Battery  Industry 


Provision 

Annualized 

cost 

($thou- 

sands) 

Exposure  control . 

Respirator  use . 

861.0 

180.0 

Exposure  monitoring . 

16.2 

Medical  surveillance . 

387.5 

Hygiene  facilities/practices . 

Recordkeeping  and  information . 

495.0 

7.5 

Total . 

1,947.2 

Note:  Costs  do  not  include  current  expenditures. 
Source:  Office  of  Regulatory  Analysis,  OSHA,  U.S. 
Department  of  Labor. 


The  demand  for  nickel-cadmium 
batteries  continues  to  be  strong  and 
growing  in  the  United  States  and 
worldwide.  Nickel-cadmium  batteries 
offer  the  best  overall  performance  for 
energy  storage  and  retrieval;  the 
advantages  over  other  cells  include  a 
high  ampere  hour  capacity,  performance 
capability  in  a  wide  temperature  range, 
long  service  life,  safety,  high  energy 
density,  efficient  recharge  capability, 
and  low  cost.  Nickel-cadmium  cells  are 
used  in  most  commercial  and  military 
aircraft,  spacecraft,  satellites,  and  ships. 
Rechargeable  nickel-cadmium  cells  have 
a  wide  variety  of  uses.  Equipment 
currently  dependent  on  this  technology 
includes  phones,  pagers,  toys,  tools, 
emergency  naval  and  communication 
radios,  police  and  fire  transceivers, 
cameras,  computers,  heart  monitors, 
portable  surgical  equipment,  emergency 
lights,  intrusion  alarms,  and  back-up 
power. 

Annual  sales  of  nickel-cadmium 
batteries  in  the  United  States  are 
approximately  $350  million.  Imports 
currently  supply  about  45  percent  of 
domestic  demand,  up  from  about  18 


percent  in  1985.  The  domestic  nickel- 
cadmium  battery  industry  currently  has 
revenues  of  about  $185  million.  Profits 
are  estimated  to  be  $7.4  million 
annually,  resulting  in  a  return  on  sales 
of  4  percent  and  a  return  on  equity  of  7 
percent.  [5,  p.  3  and  Exhibit  2]. 

The  prospects  for  recouping 
compliance  cost3  by  raising  prices  are 
limited.  Foreign  competition  is  strong 
and  there  is  reportedly  sufficient 
production  capacity  outside  the  U.S.  to 
meet  the  entire  global  demand.  [16,  p. 
10-81].  A  rise  in  prices  is  likely  to  be 
accompanied  by  an  offsetting  decline  in 
sales.  The  elasticity  of  demand  faced  by 
individual  establishments  may  be  as 
high  as  1,  based  on  the  experience  of 
one  domestic  producer’s  attempt  to  raise 
prices  in  response  to  increases  in  the 
price  of  cadmium  in  1988.  This  producer 
is  currently  operating  at  about  50 
percent  of  capacity.  [16,  p.  10-167  and  p. 
10-171]. 

Assuming  that  all  compliance  costs 
would  be  absorbed  from  profits,  the 
estimated  costs  may  reduce  the  return 
on  sales  to  about  3  percent  and  the 
return  on  equity  to  about  5  percent.  The 
maximum  reduction  in  profits  would  be 
approximately  26  percent.  Alternatively, 
an  increase  in  revenues  of  about  1 
percent  would  completely  offset  the 
compliance  costs  without  any  reduction 
in  profits.  This  would  be  possible  if  the 
level  of  demand  increased.  Although 
imports  have  increased  their  share  in 
the  U.S.  market,  the  expansion  in 
worldwide  demand  has  enabled  the  U.S. 
domestic  industry  to  maintain 
production  levels. 

The  promulgation  of  this  standard  is 
not  expected  to  result  in  plant  closures 
and  any  effect  on  investment  decisions 
or  job  creations,  are  uncertain.  The 
incremental  effects  of  this  standard  are 
not  expected  to  produce  any  substantive 
overall  production  changes. 
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Dust,”  PACE,  Inc.,  May  10, 1990. 

14.  Hearing  Transcript,  Tuesday,  July  17, 
1990. 

15.  Exhibit  130,  Comments  from  NEMA, 
October  17, 1990. 

16.  Hearing  Transcript,  Thursday,  July  19, 
1990. 

17.  Exhibit  19-30,  Comments  from  Big  River 
Zinc,  April  3, 1990. 

18.  Exhibit  123,  Comments  of  the  Public 
Citizen  Health  Research  Group  and  the 
International  Chemical  Workers  Union, 
October  17. 1990. 

19.  Exhibit  106,  Comments  of  NIOSH, 
September  18, 1990. 

Zinc  Refining/Cadmium  Production 

Industry  overview.  Cadmium  is 
primarily  produced  as  a  byproduct  of 
zinc  refining  and  is  also  recovered  from 
cadmium-bearing  scrap  and  waste 
products.  Cadmium  is  not  mined 
independently  because  sufficient 
deposits  occur  naturally  in  zinc  ores. 

U.S.  zinc  concentrates  have  a  relatively 
high  cadmium  content  and  may  contain 
between  0.3  and  1.0  percent  cadmium. 

There  are  currently  four  primary  zinc 
smelters  in  the  U.S.  with  a  combined 
annual  capacity  of  300,000  metric  tons. 
[13,  p.  2-2],  Three  of  these  plants 
produce  finished  cadmium  as  well  as 
zinc  products;  one  zinc  refiner  ships  out 
its  cadmium  concentrates  for  processing 
at  another  facility.  While  world  output 
has  been  increasing,  U.S.  zinc  mine  and 
refinery  production  has  decreased 
steadily  in  the  past  twenty  years.  The 
domestic  production  of  zinc  has  fallen  to 
about  30  percent  of  the  peak  level  in 
1969.  The  reduction  in  domestic 
production  has  resulted  from  excess 
world  capacity,  environmental  control 
costs,  and  higher  production  costs. 

Cadmium  is  currently  produced  at 
four  facilities  in  the  U.S.  In  addition  to 
the  three  primary  zinc  smelters  that 
operate  cadmium  refining  circuits,  one 
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plant  produces  cadmium  from  materials 
supplied  by  other  refineries  and 
secondary  sources.  The  production  of 
cadmium  in  the  U.S.  has  declined 
steadily,  and  current  levels  are  about  30 
percent  of  the  peak  levels  reached  in  the 
late  1960s.  The  decline  in  U.S.  cadmium 
production  is  generally  the  result  of  the 
decline  in  domestic  zinc  production 
because  of  the  naturally  close  link  of 
these  minerals.  In  1979,  eight  facilities 
refined  cadmium  metal;  half  of  these 
have  shut  down  due  to  declining 
demand  and  poor  market  conditions.  [1, 
pp.  2-2  through  2-5}. 

Total  employment  for  the  zinc  refining 
and  cadmium  producing  facilities  is 
about  1,800  workers.  Of  these. 


approximately  75  percent  (1,350)  are 
production  and  maintenance  employees. 
The  four  zinc  plants  have  a  total  of  300 
to  600  employees  each  and  the  cadmium 
plant  has  about  45  employees.  The  total 
number  of  workers  directly  involved  in 
the  production  of  cadmium  at  the  four 
cadmium  refining  facilities  is  about  200. 
[11.  p.  VII-59  through  VII-97,  p.  10-194]. 

Production  Processes.  Zinc  smelters 
convert  zinc  concentrate  and  zinc 
bearing  secondary  materials  to  metallic 
zinc.  The  two  basic  methods  used  to 
accomplish  this  are  the  electrolytic 
process  and  the  electrothermic  process. 
In  both  types  of  processes  the  feed 
streams  contain  several  metals  in 
addition  to  zinc.  As  the  zinc  is 


separated,  the  other  metals  are  also 
separated  and  become  raw  materials  for 
other  smelters.  Cadmium  is  one  of  the 
metals  that  is  separated  from  the  feed 
during  the  production  of  zinc.  The 
cadmium  concentrate  then  becomes  an 
input  for  the  cadmium  refining  process. 
Figure  VIII-C6  presents  a  flow  sheet  for 
a  typical  zinc  smelter. 

In  both  the  electrothermic  and 
electrolytic  processes,  the  zinc 
concentrate  is  converted  from  zinc 
sulfide  to  zinc  oxide  in  fluid  bed 
roasters.  The  hot  oxide  is  separated 
from  the  roaster  flue  gas  and  is  called 
calcine. 
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In  the  electrolytic  process  the  calcine  is 
leached  and  the  dissolved  cadmium 
product  is  precipitated  and  filtered.  In 
the  electrothermic  process  the  calcine  is 
fed  into  the  sinter  machine  with  other 
materials,  and  the  cadmium  is 
concentrated  in  the  dust  contained  in 
the  sinter  machine  exhaust  gas.  The 
cadmium  is  leached  from  the  baghouse 
catch,  and  then  precipitated  and  filtered. 
The  cadmium  concentrate  obtained  in 
both  zinc  refining  processes  is  further 
processed  by  melting  and  refining  in  an 
independent  operation.  The  cadmium  is 
recovered  either  as  sponge  by  a  final 
precipitation  with  zinc  dust  or  by 
electrolyzing  the  solution  and  causing 
the  cadmium  to  be  deposited  on  the 
cathode.  In  either  case,  the  cadmium  is 
melted  and  cast  or  converted  to 
cadmium  powder  or  cadmium  oxide. 

Employee  exposures.  Data  on 
employee  exposures  to  cadmium  in  the 
zinc  refining  and  cadmium  production 
industries  have  been  submitted  to  the 
record  from  several  sources.  The 
exposure  profile  used  for  the 
preliminary  analysis  was  developed  by 
JACA  Corporation.  [1,  Table  3—3}.  This 
profile  was  based  on  seven  years  of 
sampling  results  from  OSHA’s 
Integrated  Management  Information 
System  (IMIS)  database  through  August 
1986  and  on  a  Health  Hazard  Evaluation 
(HHE)  performed  by  NIOSH  at  a 
refinery  in  1977.  JACA  also  visited  a 
cadmium  production  plant  to  facilitate 
the  interpretation  and  categorization  of 
the  data. 

JACA’s  exposure  profile  represented 
employees  involved  in  cadmium  refining 
only;  other  operations  in  the  zinc 
refining  industry  were  analyzed 
separately  as  part  of  the  generic  cross¬ 
industry  occupations.  In  response  to 
concerns  raised  by  several  comm  enters, 
the  following  analysis  covers  the  zinc 
refining  and  cadmium  production 
industries  as  a  whole.  JACA’s  exposure 
data  for  cadmium  production  operations 
are  presented  in  Table  VIII--C13.  Three 
of  the  six  job  categories  have  mean 
exposures  above  100  fig/m3. 

At  the  request  of  the  Cadmium 
Council,  PACE  Incorporated  conducted 
a  study  on  cadmium  exposures  in  the 
primary  zinc  industry  [2]  and  also 
analyzed  cadmium  exposures  at  a 
primary  cadmium  production  plant  as 
part  of  another  report  [3].  Table  VIII- 
C14  shows  the  PACE  exposure  profile 
for  employees  involved  in  cadmium 
refining  only  (as  in  the  JACA  exposure 
profile).  [3,  Table  A2-1).  Of  the  14  job 
categories  listed,  six  have  mean 
exposures  under  25  pg/m3  and  three 
have  mean  exposures  above  100  ug/m3. 

The  cadmium  refinery  plant  submitted 
detailed  exposure  monitoring  data  to  the 


record  that  are  generally  consistent  with 
the  JACA  and  PACE  exposure  profiles. 
[7,  Attachment  I).  A  summary  of  these 
data  is  presented  in  Table  VIII-C15. 
Approximately  half  of  the  job  categories 
have  mean  exposures  below  25  pg/m3. 

In  its  report  on  the  zinc  industry, 

PACE  provided  exposure  profiles  for 
both  electrolytic  and  electrothermic  zinc 
refining  (including  cadmium  refining 
operations).  [2,  Appendix  A,  Table  1  and 
Appendix  B,  Table  1).  Table  VUI-C16 
presents  the  exposure  data  for 
electrolytic  zinc  refining,  and  Table 
VIH-C17  presents  the  exposure  data  for 
electrothermic  zinc  refining.  Exposures 
in  the  two  types  of  refining  processes 
are  generally  similar. 


Table  Vlll-Cl  3. — Cadmium  Exposure 
Data  for  Cadmium  Production 
Based  on  JACA 


Job 

Concentration  in  ftg/m* 

catego¬ 

ry 

Geometric 

mean 

Median 

Range 

Solution 
oper¬ 
ator . 

123.8 

155.0 

10.0-580.0 

Cement 
oper¬ 
ator . 

105.7 

1850 

10.0-780.0 

Furnace 
oper- 
•  ator. — 

189.3 

310.0 

20.0-1,650.0 

Materi¬ 
als 
han¬ 
dler — 

0.3 

0.1 

0.1-49.0 

Process 

super¬ 

visor.... 

1.4 

1.1 

0.7-7.0 

Mainte¬ 

nance 

tech¬ 

nician.. 

146.8 

110.0 

30.0-1,560.0 

Source:  Exhibit  13,  JACA,  Table  3-3. 


Table  Vlll-Cl  4.— Cadmium  Exposure 
Data  for  Cadmium  Production 
Based  on  Pace 


Job  category 

Geometric 

mean 

exposures 

Qxg/nO 

226 

54 

34 

65 

Neutralization  operator . 

17 

41 

Premelt  operator . 

302 

Retort  operator . 

1,396 

55 

Maintenance . 

Laboratory . „ . . 

7 

23 

17 

Litharge  operator . 

13 

19 

Source:  Exhibit  19-43,  Attachment  L,  Table  A2-1. 


Table  Vlll-Cl  5.— Cadmium  Exposure 
Data  for  Cadmium  Refining  Based 
on  Company  Data 


Exposure  levels  (ftg/rrO 

Process 

Range 

Geometric 

mean 

General  (Lab,  Utility, 
Laundry) . 

1-125 

12 

Transport/unloading . 

6-2,957 

32 

Mechanical/ 
maintenance . 

1-379 

16 

Cadmium  refining . 

5-230 

34 

Cadmium  casting . 

4-1,007 

117 

Retort  department . 

60-9,425 

653 

Thallium  operator . 

12-21 

16 

Litharge  operator . 

4-1,373 

15 

Source:  Exhibit  19-32,  Attachment  I. 


Table  Vlll-Cl  6.— Cadmium  Exposure 
Data  for  Electrolytic  Zinc  Refin¬ 
ing  Based  on  PACE 


Exposure  levels  (pg/nO 

Process 

Range 

Geometric 

mean 

Yard  department: 
Equipment  operator.... 

1-9 

3 

Concentrate  charger... 

1-7 

3 

Laborer . 

2-45 

13 

Concentrate  beltman.. 

3-51 

16 

Sampler . 

6-12 

9 

Janitor._ . 

4-4 

4 

Pre-leach: 

Pre-leach  operator . 

ND-2 

2 

Roaster  department 
Roaster  operator . 

1-19 

6 

Roaster  helper . 

1-18 

7 

Acid  plant 

Acid  plant  operator . 

2-2 

2 

1 

1 

Leach/purification 

plant 

Headteacher . 

ND-3 

2 

1st  stage  operator . 

ND-2 

2 

2nd  stage  operator . 

2-5 

3 

Residue  dryer . 

3-8 

5 

Laborer.  2nd  stage . 

5-96 

17 

4-14 

8 

Line  reamer . 

5-6 

6 

Pressman  (both 
stages) . 

5-19 

12 

ZSM/Cd  operator .___ 

4-27 

10 

Cfidwkiw  teflcH 

4-11 

8 

Cadmium  department 
Finish  operator— 

17-198 

56 

Finish  operator— 

46-600 

220 

14-35 

23 

Lead  sheering . 

Cell  room  department: 

12-12 

12 

(represents  over 

40%  of  total 
employees) . 

<1-2 

1 

ND:  Not  Detectable. 

Source:  Exhibit  19-43,  Attachment  K,  Appendix  A, 
Tablet. 
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Table  VIII— Cl  7. — Cadmium  Exposure 
Data  for  Electrotherm ic  Zinc  Re¬ 
fining  Based  on  Pace 


Exposure  levels  (pg/nO 

Process 

Range 

Geometric 

mean 

Acid  Plant 

Acid  plant  operator . 

1-1 

i 

Shift  utility . 

1-1 

i 

Day  utility . 

1-1 

i 

Roaster  Plant 

Foreman . 

1-1 

i 

Feed  utility  ore . 

1-16 

6 

Roaster  plant 

operator . 

ND-2 

1 

Shift  utility . 

1-36 

10 

Mechanical 

repairman . 

1-1 

1 

Sinter  Plant: 

Foreman . 

ND-111 

19 

Utility  men . 

4-116 

24 

Sinter  machine 

operators . 

7-70 

24 

Sinter  plant 

weighmen . 

10-216 

95 

Material  handlers . 

3-373 

57 

Laborers . 

ND-319 

64 

Mechanical 

repairmen . 

1-118 

20 

Slag  Rant 

Slag  plant  operators... 

ND-24 

5 

Coke  &  Residue  Plant: 

Coke  &  residue 

operator . 

3-31 

11 

Furnace  Rant: 

Foremen . 

Furnace  group 

leader . 

1-7 

2 

Furnace  operators . 

1-5 

1 

Utility  men . 

2-29 

4 

Shift  utility  men . 

1-18 

5 

Top  operators . 

1-29 

13 

Ass't  top  operators . 

3-47 

14 

Slag  operators . 

1-10 

2 

Casting  operators . 

Compressor 

operators . 

Laborers . 

1-8 

3 

Mechanical 

repairmen . 

ND-37 

6 

Zinc  Sulfate  Rant: 

Supervisor . 

17-21 

19 

Operator . 

10-42 

23 

Secondary  Materials 

Plant 

Materials  handler . 

1-32 

8 

Heavy  equipment 

1-14 

4 

Zinc  Dust  Plants: 

All  operators . 

ND-5 

i 

Refinery: 

All  operators . 

ND-2 

1 

Maintenance: 

Mechanical  utility 

(not  in  production 

area) . 

2-3 

2 

Electrical  Repairmen . 

1-50 

7 

Bricklayers . 

1-5 

2 

Notes:  Utility/ Maintenance  data  excludes  work  on 
dust  collectors. 

ND:  Not  Detectable. 

Source:  Exhibit  19-43,  Attachment  K,  Appendix  B, 
Table  L 

In  electrolytic  refining,  25  of  the  27  job 
categories  have  mean  exposures  below 
25  pg/m3,  and  18  job  categories  have 
mean  exposures  less  than  10  pg/m3.  In 
electrothermic  refining,  32  of  the  35  job 


categories  have  mean  exposures  below 
25  pg/m3,  and  23  job  categories  have 
mean  exposures  less  than  10  pg/m*. 

Data  on  cadmium  exposures  during 
zinc  and  cadmium  refining  were  also 
provided  for  the  record  by  a  zinc 
refining  company  [5,  Attachment  I,  p.  5] 
and  are  summarized  in  Table  VHI-C18. 
The  company  employs  385  people  of 
whom  162  are  considered  exposed. 
Among  the  exposed  production  workers, 
only  four  employees  have  average 
exposures  above  20  pg/m3;  21  of  27 
production  job  categories  had  average 
exposures  below  10  jig/m3.  For  this 
company  over  85  percent  of  the 
monitoring  samples  were  less  than  20 
p.g/m3  in  every  area  except  the  cadmium 
plant.  [5,  Attachment  I,  Table  I]. 

Existing  and  feasible  additional 
controls.  The  JACA  report  described 
hoods  ducted  to  baghouses  as  part  of 
existing  controls  for  the  solution 
operator,  furnace  operator,  and 
materials  handler  in  the  cadmium 
refining  plant  which  they  visited.  JACA 
recommended  the  installation  of 
additional  and  improved  local  exhaust 
ventilation  for  the  solution  operator  and 
the  furnace  operator.  JACA  also 
recommended  enclosed  screw 
conveyors  as  an  alternative  to  manually 
transferring  materials  between  tanks. 
Mechanized  systems  would  be 
implemented  for  the  transfer  of  moist 
cadmium  cement  from  the  cementation 
tank  to  the  oxidation  bins  and  for  the 
transfer  of  dried  cement  to  the  leach 
tanks. 


Table  VIII-C1 8.— Cadmium  Exposure 
Data  for  Electrolytic  Zinc  Refin¬ 
ing  Based  on  Company  Data 


Process 

Exposure 
Levels  (>tg/ 
m^ 

Arithmetic 
mean  1 

8.37 

6.30 

1.50 

7.06 

0.50 

Cadmium  finishing  (4  employees)  - . 

102.35 

1.55 

57.00 

Test  plant  technician  (for  new  Cd 

93.50 

1  Generally  higher  than  geometric  mean. 
Source:  Exhibit  19-30,  Attachment  I,  page  5. 


JACA  also  recommended  improved 
housekeeping  measures  such  as 
vacuuming,  damp  mopping,  and 
improved  cleanup  prior  to  maintenance. 
[1,  pp.  4-4  through  4-7]. 

PACE  provided  a  more  detailed 
analysis  of  the  cadmium  refining  plant. 
PACE  identified  14  separate  job 


categories  at  the  plant  which  had  a  total 
of  45  workers  exposed  over  two  shifts. 
Both  existing  and  recommended 
additional  controls  were  described. 
Additional  controls  were  recommended 
for  most  job  categories  and  included 
local  exhaust  ventilation  systems, 
enclosed  material  handling  systems, 
clean  air  islands,  and  vacuum  cleaning 
systems.  [3,  pp.  2-3  through  2-13]. 

The  cadmium  refining  plant  provided 
descriptions  of  existing  controls  for  each 
of  eight  departments.  [7,  Attachment  III]. 
The  company  stated  that  all  feasible 
controls  and  housekeeping  methods 
were  utilized  for  control  of  exposure  to 
arsenic  and  lead  and  that  these  same 
controls  also  reduced  cadmium 
exposure.  [7,  p.  4J. 

PACE  provided  the  most  detailed 
analysis  of  existing  and  additional 
controls  for  zinc  refining  plants  [2].  In 
the  yard  department,  the  roadway  could 
be  relocated  and  the  dry  sweeper  could 
be  replaced  with  a  wet  sweeper. 
Equipment  operators  could  be  protected 
by  providing  enclosed,  ventilated  cabs. 
An  enclosed  work  station,  a  clean  air 
island,  and  a  side  draft  ventilation 
system  could  be  provided  for  the 
concentrate  beltman.  For  the  roaster 
department  PACE  described  several 
specific  controls,  summarized  by 
“improved  housekeeping,  ventilation  at 
specific  sources  and  changes  in  work 
practices  will  reduce  exposures.”  [2, 
appendix  A,  page  17].  For  the  leach/ 
purification  plant  PACE  recommended 
isolation  of  the  calcine  hoppers  by 
means  of  a  sheet  metal  wall  with 
additional  ventilation  inside  the 
enclosure,  the  installation  of  two  central 
vacuum  cleaning  systems,  local  exhaust 
ventilation  at  the  cyclone  feeder, 
improved  ventilation  at  the  roll  filters, 
general  ventilation  for  negative  pressure 
in  the  residue  tower  area,  enclosure  and 
ventilation  of  the  briquette  press,  and  a 
clean  air  island  for  the  briquette  press 
operator.  To  lower  exposures  in  die 
cadmium  plant,  the  PACE  analysis 
described  significantly  revised  exhaust 
ventilation  systems  and  tighter  fitting 
furnace  enclosures. 

Technologically  feasible  limit  for  a 
SECAL.  In  order  to  determine  the 
appropriate  SECAL  level  for  this 
industry  sector,  OSHA  separated 
exposures  into  high  and  low 
occupation/process  exposure  groups  to 
facilitate  the  analysis  (see  Section  B  for 
a  more  complete  description  of  this 
approach).  Data  were  divided  at  a 
breakpoint  which  maximized  the 
difference  between  the  mean  values  for 
the  two  separated  data  sets. 

The  data  segregation  resulted  in  the 
identification  of  a  "high"  occupation/ 
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process  exposure  group  which  included 
cadmium  refining,  cadmium  casting, 
cadmium  oxide  production,  and  sinter 
plant  operations,  involving  about  202 
workers.  All  other  plant  operations 


including  zinc  leaching  operations,  yard 
department,  acid  plant  cell  room,  etc.. 
were  included  in  the  “low"  exposure 
group  involving  about  1,148  employees. 
Figure  VIII-C7  graphically  presents  the 


segregated  data.  The  vertical  line  within 
each  box  depicts  the  median  value  for 
the  distribution. 
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Mean  exposure  data  for  the  two  sets 
were  as  follows: 


- 

High 

group 

Low 

group 

Number  of  observations . _ 

39 

51 

91.4 

5.8 

Standard  deviation . . 

141.7 

5.3 

To  verify  that  the  two  groups  within 
this  industry  were  distinct,  a  t  test  was 
performed  on  the  difference  in  the 
means.  The  null  hypothesis  that  the 
means  of  the  exposure  data  were  equal, 
was  rejected  and  the  conclusion  that 


they  were  drawn  from  separate 
statistical  distributions,  was  accepted. 

After  the  statistical  difference 
between  high  and  low  exposure  groups 
was  verified,  the  data  were  analyzed 
separately.  In  Figures  V1II-C8  and  VIII- 
C9,  separate  process  mean  exposure 
values  were  drawn  from  each  available 
data  source.  All  process  data  in  each 
group  were  "fitted"  to  a  straight  line 
using  ordinary  least  squares 
methodology.  For  the  high  exposed 
cadmium  group  over  one  half  of  the 
exposures  were  at  or  below  100  pg/ms 
(figure  Vin-C8). 


For  each  group  a  model  was 
developed  to  graphically  show  the  effect 
on  the  exposure  distribution  after 
current  exposures  are  reduced  using 
alternative  engineering  control 
efficiency  factors  of  80  percent  down  to 
20  percent,  in  20  percent  increments.  The 
higher  the  efficiency  level,  the  lower  the 
projected  exposure  level  and  the  closer 
the  projected  exposure  line  moves  to  the 
vertical  axis.  Figures  VHI-C10  and  VIII- 
Cll  show  the  reduction  and  shift  in  the 
distribution  of  exposures  for  the  high 
and  low  groups  in  zinc  refining/ 
cadmium  production  operations. 
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ZINC/CADMIUM  (LOW  EXP.):  CONTROLLED  80%-20% 
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The  selection  of  an  appropriate 
engineering  control  reduction  factor  was 
based  on  evidence  and  testimony  in  the 
record  and  economic  feasibility 
considerations.  The  only  basis  for 
selecting  an  engineering  control  solution 
with  a  lower  efficiency  than  an 
alternative  strategy  with  a  higher  factor, 
was  economic  infeasibility  of  the  latter. 

The  evidence  in  the  record 
substantiates  the  finding  that  additional 
feasible  controls  are  available  and  can 
be  implemented  to  further  reduce 
exposure  levels.  The  extent  of  current 
controls  in  place  and  the  applicability  of 
specific  additional  controls  will  vary 
depending  on  the  individual  plant,  but 
the  relevant  comments  in  the  record  all 
basically  agree  that  a  multitude  of 
control  options  exists  to  limit  airborne 
cadmium  concentrations.  These  are 
generally  conventional  technologies  that 
are  commonly  known,  readily  available, 
and  to  some  degree  currently  used  in  the 
industry,  as  described  above. 

The  controls  can  be  used  individually 
or  in  combination.  If  one  control  is  not 
sufficient,  additional  ones  can  be  used. 

It  is  the  interaction  of  various 
engineering  controls  and  work  practices 
as  part  of  an  integrated  system  of 
controls  that  can  produce  the  needed 
overall  reduction  in  exposure  levels. 
OSHA  does  not  specify  which  control 
must  be  implemented.  Rather,  OSHA 
allows  the  employer  the  choice  best 
suited  to  the  particular  characteristics  of 
the  workplace. 

JACA  estimated  that  the  expected 
efficiency  of  new  or  improved  local 
exhaust  ventilation  systems  for 
exposures  in  the  cadmium  refining 
industry  would  be  over  90  percent  in 
situations  where  high  hood  efficiency 
was  possible.  [1,  Table  4-2].  PACE 
provided  a  detailed  analysis  of  the 
expected  effectiveness  of  engineering 
controls  for  both  zinc  refining  and 
cadmium  refining.  [2,  3].  For  each  job 
category  PACE  determined  the  percent 
of  the  total  exposure  that  was 
attributable  to  different  exposure 
sources  and  then  applied  control 
effectiveness  estimates  to  each  source. 
Estimates  of  the  effectiveness  of  specific 
controls  were  not  given,  but  they  can  be 
derived  by  comparing  descriptions  of 
recommended  controls  in  one  section 
with  the  expected  reductions  in 
exposure  levels  presented  in  tables 
supplied  by  PACE. 

In  cadmium  production  operations, 
PACE's  expected  percent  reduction  due 
to  controls  at  specific  sources  ranged 
from  75  to  95  percent.  Overall  exposure 
reductions  for  operators  ranged  from  75 
to  over  90  percent  (60  percent  for 
maintenance).  In  zinc  refining 
operations,  where  cadmium  exposures 


are  much  lower,  controls  at  individual 
sources  were  expected  to  achieve 
reductions  of  up  to  60  percent. 
Background  and  variability  of  exposure 
levels  would  be  reduced  significantly. 
Overall,  mean  employee  exposures 
would  consistently  be  less  than  10  pg/ 
ms  except  in  cadmium  refining  areas. 

This  review  and  analysis  of  the  record 
needed  to  be  supplemented  with 
economic  feasibility  considerations 
before  a  determination  could  be  made 
regarding  appropriate  engineering 
controls  and  their  effectiveness  level. 
According  to  PACE,  engineering 
solutions  to  achieve  an  80  percent  or 
higher  reduction  in  cadmium  production 
would  require  major  capital 
expenditures  and  the  rebuilding  and 
replacement  of  existing  facilities. 

Capital  costs  to  achieve  this  reduction 
margin  could  reach  over  $3  million  per 
affected  plant  according  to  PACE  [3,  p. 
2-3].  Achieving  an  80  percent  reduction 
in  cadmium  levels  does  not  appear  to  be 
economically  feasible  at  this  time.  (Total 
annual  revenues  in  this  sector  average 
less  than  $50  million  per  plant.  If  the 
profit  margin  on  this  amount  was  five 
percent,  per  plant  profits  would  be  $2.5 
million.  Since  1979,  four  cadmium 
refining  facilities  have  closed,  leaving 
four  domestic  producers  nationwide.) 
Instead,  less  expensive  engineering 
controls  with  a  lower  efficiency 
expectation  (60  percent)  were  identified. 
Based  on  the  evidence  in  the  record, 
OSHA  believes  that  an  engineering 
control  reduction  level  of  60  percent  is 
reasonable  for  this  industry  segment 
and  is  both  technologically  and 
economically  feasible. 

Following  the  selection  of  this 
efficiency  factor,  the  appropriate 
engineering  control  level  for  each 
exposure  group  was  identified  at  the 
point  achievable  for  60-80  percent  of  the 
exposures.  For  the  high  exposure 
processes  including  cadmium  refining, 
cadmium  casting,  cadmium  oxide 
production  and  sinter  plant  operations,  a 
SECAL  of  50  pgjm  *  is  identified.  For  all 
low  exposed  processes,  OSHA  believes 
that  the  PEL  level  of  5  jig/m  s  is 
achievable  through  engineering  controls. 

For  the  high  exposure  group, 
compliance  with  the  PEL  of  5  pg/m  * 
with  engineering  controls  and  work 
practices  is  infeasible  at  this  time  and 
can  only  be  achieved  through  the  use  of 
respirators.  Respirators  are  readily 
available  with  a  wide  range  of 
protection  factors  that  can  adequately 
protect  workers  from  the  potential 
exposures  in  this  industry.  Respiratory 
protection  will  be  required  for  many  of 
the  production  and  maintenance 
employees  full  time.  This  result  was 
anticipated  in  the  preliminary  analysis 


and  was  consistently  supported  by  the 
substantial  evidence  in  the  record. 

Costs  of  Compliance  with  the  50  \ig/ 
m*  SECAL  and  5  pg/m3  PEL.  The  costs 
of  compliance  with  die  revised  cadmium 
standard  consist  of  costs  for  additional 
engineering  controls,  increased 
respirator  use,  more  comprehensive 
exposure  monitoring  programs,  medical 
surveillance  requirements,  hygiene 
provisions  (shower  rooms,  work 
clothing,  etc.),  and  training  and 
recordkeeping  requirements. 

Estimates  of  the  costs  of  installing 
new  or  improved  local  exhaust 
ventilation  systems  were  provided  by 
JACA.  In  current  dollars,  the  costs  of 
these  systems  range  from  $51,000  to 
$112,000.  (1.  Table  6-1].  Annual 
operating  and  maintenance  costs  were 
estimated  to  be  10  percent  of  the  capital 
cost. 

PACE  provided  cost  estimates  for 
several  types  of  controls  in  its  analysis 
of  the  cadmium  production  industry.  (3, 
Table  A2-4].  A  pneumatic  conveying 
system  was  estimated  to  cost  $60,000 
with  $4,000  in  annual  operating  and 
maintenance  costs;  exhaust  ventilation 
systems  with  hoods  and  ducts  were 
estimated  to  cost  $24,000  to  $254,000; 
costs  for  clean  air  islands  ranged  from 
$6,000  to  $27,000:  partitioning  an  area 
from  the  rest  of  the  building  was 
estimated  to  cost  $9,000;  a  complex 
enclosure  of  a  machine  was  estimated  to 
cost  $5,000;  the  cost  of  installing  a 
central  vacuum  cleaning  system  was 
estimated  to  be  $15,000;  relocating  an 
operation  would  cost  about  $25,000;  and 
a  decontamination  booth  for 
maintenance  work,  with  exhaust 
system,  monorail  and  hoist,  and  vacuum 
and  steam  cleaning  facilities  was 
estimated  to  cost  $47,000.  These 
estimates  were  consistent  with  the 
evidence  in  the  record  for  costs  of 
similar  engineering  controls. 

JACA  recommended  additional 
engineering  controls  for  three  of  the  six 
job  categories  identified  in  cadmium 
production.  PACE  recommended 
significant  additional  control  measures 
for  ten  of  fifteen  job  categories.  In  its 
analysis  of  a  zinc  refining  plant 
(including  cadmium  production 
operations),  PACE  recommended  control 
measures  in  four  of  the  seven 
departments,  representing  about  twenty 
job  categories.  Both  the  PACE  and  JACA 
analyses  were  based  on  an  attempt  to 
achieve  5  jig/m*. 

For  purposes  of  estimating  the  costs  of 
additional  engineering  controls  in  this 
industry,  OSHA  developed  estimates  of 
the  number  of  different  types  of  controls 
that  are  expected  to  be  installed.  The 
additional  feasible  controls 
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recommended  and  described  in  the 
record  for  this  industry  are  generally 
common  methods  of  controlling  airborne 
exposures.  Each  plant  would  choose  the 
control  methods  that  represent  the  best 
solution  for  their  particular  situation, 
depending  on  the  configuration  of  the 
operation,  the  extent  of  current  controls, 
and  the  applicability  of  additional 
controls. 

For  example,  in  some  situations 
ventilation  may  already  be  present  and 
exposures  may  be  more  effectively 
controlled  by  installing  glove  boxes  or 
mechanized  material  transfer 
equipment,  or  by  relocating  the 
operation  rather  than  improving 
ventilation.  Costs  for  these  alternatives 


would  be  comparable  to  the  costs  for  the 
control  methods  identified.  Thus, 
OSHA's  estimates  of  the  numbers  of 
controls  serve  to  identify  work  stations 
where  exposures  need  to  be  reduced; 
additional  controls  provide  the  basis  for 
estimating  total  costs.  As  noted,  these 
control  costs  may  serve  as  a  proxy  for 
the  cost  of  alternative  solutions  at  some 
operations,  in  some  firms. 

Based  on  a  review  of  the  relevant 
comments  submitted  to  the  record, 

Table  VIII-C19  presents  the  additional 
controls  and  their  potential  costs, 
needed  for  compliance  with  the  50  pg/ 
m3  SECAL  and  the  PEL.  The  three  plants 
with  both  zinc  refining  and  cadmium 
refining  operations  are  estimated  to 


need  new  or  improved  local  exhaust 
ventilation  at  six  operations,  clean  air 
islands  at  five  locations,  two  additional 
central  vacuum  cleaning  systems,  and 
improved  enclosure  or  partitions  for 
seven  operations.  Additional  controls 
for  cadmium  refining  operations  would 
include  four  local  exhaust  ventilation 
systems,  three  clean  air  islands,  one 
central  vacuum  cleaning  system,  and 
enclosure  of  four  operations.  Zinc 
refining  operations  are  estimated  to 
need  two  local  exhaust  ventilation 
systems,  two  clean  air  islands,  one 
central  vacuum  cleaning  system,  and 
enclosure  of  three  areas. 


Table  VIH-C1 9.— Estimated  Costs  of  Engineering  Controls  for  Cadmium  in  the  Zinc  Refining/Cadmium  Production 

Industry 


Type  of  control 

Controls  per  plant  by  type  of 
plant 1 

Total 
industry 
controls  2 

Cost  per  control  (Sthousands) 

Industry  costs  (Sthousands) 

Total 

annua¬ 

lized 

industry 

cost 

(Sthou¬ 

sands) 

Capital 

Annual 

power 

and 

mainte¬ 

nance 

Annual 

labor 

Capital 
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capital 

Annual 
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Annual 
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a 

B 

C 

Local  exhaust 

urn 

ventilation . 

4 

6 

2 

24 

80 

8 

0 

1,920 

192 

504 

Clean  air 

islands . 

3 

5 

2 

20 

18 

2 

0 

360 

40 

99 

Central  vacuum 

2 

8 

15 

1 

7 

120 

8 

56 

84 

Enclosure _ 

7 

28 

9 

wm 

0 

252 

0 

0 

41 

Total . 

80 

2,652 

E3 

240 

56 

728 
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1  Type  A  plant  cadmium  refining  only;  Type  B  plant  zinc  refining  and  cadmium  refining;  Type  C  plant:  zinc  refining  only. 
’Based  on  one  type  A  plant  three  type  B  plants,  and  one  type  C  plant. 

Source:  Office  of  Regulatory  Analysis,  OSHA,  U.S.  Department  of  Labor. 


Table  VHI-C19  shows  the  capital 
costs  of  additional  controls,  $2.65 
million,  and  the  annual  costs,  $296,000. 
Total  annualized  costs  are  calculated  by 
amortizing  the  capital  costs  over  ten 
years  with  a  ten  percent  interest  rate 
and  adding  the  resulting  annualized  cost 
to  the  other  annual  costs.  The  total 
annualized  costs  of  engineering  controls 
in  the  zinc  refining/cadmium  production 
industry  are  estimated  to  be  $728,000. 

Three  companies  submitted  lengthy 
comments  and  testimony  about  the 
extent  of  current  programs  for  respirator 
use,  exposure  monitoring,  medical 
surveillance,  hygiene  facilities, 
information  and  training,  and 
recordkeeping  [5,  8,  7, 8,  9, 10, 11].  The 
industry  generally  already  provides 
extensive  programs  in  these  areas,  but 
the  revised  standard  may  require  some 
of  these  programs  to  be  expanded. 

The  plants  involved  in  zinc  and 
cadmium  refining  currently  have 
established  respirator  programs  for 
employees  in  high  exposure  areas.  In 
order  to  comply  with  the  PEL  of  5  pg/m3 
it  is  likely  that  about  80  percent  of  the 


production  and  maintenance  employees 
in  the  industry  would  be  required  to 
wear  respirators  full  time  even  after  the 
implementation  of  additional  feasible 
controls.  Employees  in  cadmium  refining 
areas  are  already  provided  with 
respirators,  but  many  employees  with 
exposures  below  20  pg/m3  do  not  wear 
respirators.  One  zinc  refiner  estimated 
that  regular  respirator  use  would  have 
to  be  expanded  from  20  employees 
currently  to  289  employees  working  in 
the  plant.  [11,  p.  VII-30].  Another 
comment  from  a  zinc  refiner  indicated 
that  almost  all  of  the  120  employees 
exposed  at  or  above  1  pg/m3  currently 
wear  respirators.  [5,  Attachment  I,  pp.  5- 
7]- 

The  incremental  costs  associated  with 
respirator  use  as  a  result  of  the  revised 
cadmium  standard  are  based  on 
providing  respirators  for  an  estimated 
500  additional  employees  in  the 
industry.  The  industry  currently  employs 
about  1,800  workers,  of  whom  about  75 
percent  are  production  or  maintenance 
employees  [11,  p.  VII-59].  Given  that  all 
employees  in  the  cadmium  refining 


operations  already  wear  respirators,  the 
500  employees  represent  about  half  of 
the  remaining  workers  who  would  be 
required  to  wear  respirators  under  the 
revised  standard. 

The  annual  cost  per  employee  of 
providing  a  respirator,  HEPA  filter 
changes,  and  a  fit  test  was  estimated  by 
one  zinc  industry  employer  to  be  about 
$300.  [5,  Attachment  III,  p.  1].  Thus,  the 
annual  cost  for  the  industry  for 
additional  respirator  use  is  estimated  to 
be  $150,000. 

As  evident  from  employers’ 
submissions  of  monitoring  results  to  the 
record,  zinc  and  cadmium  refining 
facilities  already  conduct  exposure 
monitoring  regularly.  The  revised 
standard  requires  semi-annual  exposure 
monitoring  of  "each  shift  for  each  job 
classification  in  each  work  area.”  Plants 
refining  zinc  and  cadmium  have  an 
average  of  20  job  categories,  and  plants 
refining  only  zinc  or  cadmium  have  an 
average  of  about  10  job  categories 
affected  by  this  requirement.  Counting 
each  shift  separately,  a  total  of  240  job 
categories  would  have  to  be  monitored 


i 
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semi-annually.  Since  about  half  of  this 
monitoring  is  already  conducted, 
approximately  240  additional  samples 
would  have  to  be  taken  each  year  in  this 
industry. 

The  lab  analysis  of  each  sample  is 
estimated  to  cost  $40.  The  services  of  an 
industrial  hygienist  required  to  perform 
the  monitoring  for  each  plant  would  cost 
on  average  about  $1,500.  [1,  p.  0-23]. 
Thus,  the  estimated  annual  cost 
attributable  to  increased  exposure 
monitoring  is  $17,100. 

The  medical  surveillance 
requirements  of  the  revised  standard 
involve  a  complex  combination  of 
different  categories  of  employees  and  a 
series  of  triggers  and  different  schedules 
of  various  exams  and  tests.  The 
standard  basically  requires  annual 
biological  monitoring,  including  tests  for 
cadmium  in  urine,  cadmium  in  blood, 
and  /3s-microglobulin  in  urine,  and  a  full 
medical  examination  every  two  years. 

Most  employees  at  cadmium  refiners 
are  already  provided  with  annual 
medical  exams  and  biological 
monitoring  including  blood  and  urine 
cadmium  analyses  and  urine  protein 
analyses.  [8].  About  half  of  the  exposed 
employees  at  zinc  refiners  are  included 
in  biological  monitoring  programs,  and 
those  with  high  cadmium  exposure  (less 
than  10  percent  of  all  exposed  workers) 
are  given  annual  physicals.  [11.  pp.  VII- 
49  through  VII-51].  Expanding  the 
medical  surveillance  programs  in  this 
industry  to  meet  the  basic  requirements 
of  the  revised  cadmium  standard  would 
involve  approximately  600  additional 
physicals  (1.200  employees  every  two 
years)  and  an  additional  600  of  each  of 
the  three  biological  monitoring  tests. 

More  frequent  medical  exams  and 
biological  monitoring  may  be  required 
for  some  employees,  including 
employees  who  may  be  medically 
removed.  An  estimated  50  additional 
medical  exams  and  150  additional  sets 
of  biological  monitoring  may  be 
necessary  annually  for  this  purpose. 

The  cost  of  a  physical,  including  the 
wages  paid  during  the  exam,  was 
estimated  to  be  about  $250.  The  cost  of 
the  lab  analysis  for  a  /32-microglobulin 
sample  was  cited  by  a  public  health 
research  group  as  $80.  [4.  p.  4).  Analyses 
of  samples  of  cadmium  in  urine  and  in 
blood  are  estimated  to  be  $60  each.  An 
additional  $5  is  added  to  the  cost  of 
each  of  the  biological  monitoring 
samples  for  costs  associated  with 
collecting  the  samples.  Thus,  the  total 
incremental  annual  costs  of  compliance 
with  the  medical  surveillance 
requirements  are  estimated  to  be 
$323,750  [e50*$250+750*($65+$ 

65-f  $85)]. 


Requirements  for  medical  removal 
may  involve  compliance  costs  in 
addition  to  those  for  more  frequent 
medical  exams  and  monitoring 
(estimated  above).  The  criteria  for 
mandatory  removal  would  affect 
employees  with  the  most  extreme 
biological  monitoring  levels.  The  criteria 
for  removal  also  allow  for  considerable 
physician's  discretion.  An  estimated  3 
percent  of  the  exposed  workforce  may 
be  removed  initially  on  the  basis  of 
these  criteria  and  the  discretion  of 
physicians. 

Compliance  with  the  new  PEL  for 
cadmium  and  other  requirements  of  die 
final  cadmium  standard  should  prevent 
a  continuing  need  to  remove  employees. 
The  number  of  employees  with 
relatively  high  past  exposures  who 
would  be  more  likely  to  be  removed, 
should  decline  through  attrition. 
However,  as  the  criteria  for  removal 
become  broader  in  future  years  (lower 
levels  of  cadmium  in  blood  and  urine 
will  trigger  mandatory  removal), 
additional  employees  may  be  subject  to 
removal.  The  costs  associated  with  the 
medical  removal  provisions  are 
approximated  by  assuming  that  on 
average,  3  percent  of  the  exposed 
workforce  may  be  removed  every  5 
years. 

The  number  of  employees  removed 
should  be  small  enough  to  enable 
establishments  to  provide  removed 
employees  with  alternative  positions. 
Costs  to  the  employer  would  include 
paying  wage  subsidies  to  employees 
moved  into  lower  wage  jobs,  and  hiring 
and  training  new  employees.  The 
average  cost  per  removed  employee 
would  be  an  estimated  $5,000.  An 
estimated  40  employees  may  be 
removed  every  five  years,  on  average,  in 
the  zinc  and  cadmium  refining  industry, 
and  the  annual  cost  for  the  industry 
would  be  $40,000. 

The  total  annual  cost  for  the  medical 
surveillance  and  medical  removal 
provisions  is  estimated  to  be  $363,750. 

Cadmium  refining  plants  generally 
have  established  hygiene  programs, 
including  clean/dirty  side  change  rooms, 
work  clothing,  and  separate  lunch 
rooms.  [11,  p.  10-216].  One  zinc  refiner 
currently  provides  showers  and  change 
rooms  but  stated  that  the  modifications 
necessary  to  meet  the  requirements  of 
the  cadmium  standard  would  cost  about 
$200,000.  This  commenter  also  stated 
that  disposable  work  clothing  would 
have  to  be  provided  for  about  200 
additional  employees  at  an  annual  cost 
of  $104  per  employee.  (5,  Attachment  III, 

p.  1], 

Based  on  the  record,  OSHA  has 
concluded  that  for  the  industry  as  a 
whole  die  costs  of  the  hygiene 


provisions  would  include  about  $300,000 
for  shower  room  and/or  lunch  room 
modifications  with  $50,000  in  annual 
expenses  for  work  clothing  and 
operating  costs.  In  addition,  the 
estimated  annual  cost  of  showering  on 
work  time  is  $900  per  employee  (based 
on  fifteen  minutes  per  day  for  240  days 
per  year  at  $15  an  hour)  and  would 
apply  to  an  estimated  400  employees. 

The  total  annualized  costs  of 
compliance  with  the  hygiene  provisions 
is  thus  estimated  to  be  $459,000. 

Incremental  costs  for  recordkeeping 
and  other  information-related 
requirements  are  estimated  to  be  about 
$5  per  employee  annually.  Up  to  1,000 
additional  employees  may  be  affected 
by  these  requirements  which  would 
result  in  an  annual  compliance  cost  of 
about  $5,000. 

The  total  annualized  costs  of 
compliance  with  the  cadmium  standard 
for  this  industry  are  estimated  to  be 
$1.72  million.  These  costs  are 
summarized  by  provision  in  Table  VIII- 
C20. 

Economic  feasibility  of  a  SO  fig/m3 
SECAL  and  5  ng/m*  PEL  Cadmium 
prices  have  generally  ranged  from  $1  to 
$4  per  pound  over  the  past  25  years.  [14, 
p.  6].  From  1963  through  1967  the 
average  prices  were  below  $2  per 
pound.  In  1988,  the  average  price  per 
pound  rose  to  over  $7,  and  as  of  August 
1989  the  price  had  fallen  back  to  about 
$4  per  pound.  [13,  p.  8]. 

Table  Vttl-G20. — Estimated  Costs  of 
Compliance  With  the  Revised  Cad¬ 
mium  Standaro  for  the  Zinc  Refin¬ 
ing/Cadmium  Production  Industry 


Provision 

Annualized 

coat 

ISthou- 

sands] 

728.0 

150.0 

17.1 

Medical  Surveillance..  . . 

363.8 

459.0 

Recordkeeping  and  Information . 

5.0 

Total . - . - _ _ 

1.722.9 

Not*.  Costs  do  not  include  current  expenditures 
Source:  Office  of  Regulatory  Analysis.  OSHA.  U  S 
Department  of  Labor. 


From  1984  to  1987  U.S.  production  of 
cadmium  remained  relatively  stable, 
ranging  from  1,486  to  1,686  metric  tons. 
Preliminary  data  for  1988  suggest  that 
U.S.  cadmium  production  increased  to 
nearly  1.900  metric  tons  as  a  result  of 
increased  zinc  production  and  in 
response  to  higher  zinc  and  cadmium 
prices.  [13.  p.  2-2]. 

Since  cadmium  is  a  necessary  by¬ 
product  of  zinc  refining,  decisions 
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regarding  its  production  are  not  made 
independently  of  conditions  in  the  zinc 
market.  From  1984  to  1987  U.S. 
production  of  zinc  was  about  260,000 
metric  tons  while  the  price  of  zinc  was 
about  40  cents  per  pound  [13,  Table  2-3]. 
Thus,  revenues  from  zinc  production 
have  been  about  $230  million. 

At  a  price  of  $2  per  pound,  total 
revenues  from  cadmium  production 
would  amount  to  less  than  $7  million. 
Based  on  the  average  New  York  dealer 
price  of  $8.28  per  pound  in  1989,  the 
value  of  domestic  cadmium  metal  output 
in  that  year  was  $21.5  million.  [14,  p.  10]. 

Cadmium  and  other  by-product 
revenues  are  usually  considered  credits 
(i.e.,  negative  costs)  by  zinc  refiners.  [14, 
p.  9],  These  revenues  partially  offset  the 
production  costs  of  the  principal  product 
(zinc).  The  magnitude  of  the  credit 
fluctuates  according  to  by-product 
prices,  but  tends  to  be  a  relatively  small 
portion  of  total  revenues. 

Zinc  refiners  are  unlikely  to 
discontinue  cadmium  production  unless 
the  total  costs  of  producing  zinc  and 
cadmium  outweigh  the  total  revenues. 
Zinc  refiners  and  cadmium  refiners  did 
not  discontinue  operations  when  the 
price  of  cadmium  remained  below  $2  per 
pound  for  several  years  in  the  1980s.  For 
cadmium  and  zinc  producers,  the 
estimated  compliance  costs  associated 
with  this  standard  would  be  completely 
offset  by  an  increase  in  the  price  of 
cadmium  of  less  than  fifty  cents  per 
pound.  Since  the  price  of  cadmium  has 
recently  risen  by  two  to  five  dollars  per 
pound  over  prices  a  few  years  ago, 
refiners  should  be  earning  sufficient 
revenues  to  cover  compliance  costs. 

For  zinc  refiners  the  estimated 
compliance  costs  represent  a  fraction  of 
1  percent  of  revenues.  Given  the 
inherent  fluctuations  in  the  price  of  zinc, 
costs  of  this  magnitude  could  not  alone 
cause  a  zinc  refiner  to  cease  production. 
An  independent  study  by  the  U.S. 
Department  of  Interior,  Bureau  of  Mines, 
concluded  that  annualized  costs  for 
engineering  controls  for  the  industry  of 
$983,000  represented  “a  reasonable 
cost."  [14,  Attachment  I,  p.  1].  Some 
commenters  raised  concerns  that  the 
impact  of  the  standard  could  hinder  the 
ability  to  recover  cadmium  from  scrap 
and  other  forms  of  recycling.  At  current 
prices  cadmium  production  is  financially 
viable.  Cadmium-containing  residuals 
are  classified  as  hazardous  waste  and 
their  disposal  is  estimated  to  cost  $0.50 
per  pound  of  cadmium.  Thus,  “the  price 
of  cadmium  metal  would  have  to  drop 
about  $0.50  below  the  operating  costs 
before  primary  cadmium  producers 
would  actually  shut  down  their 
cadmium  circuits  and  dispose  of 
residuals  instead."  [13,  p.  4-2).  Due  to 


the  high  costs  associated  with  the 
disposal  of  cadmium-bearing  waste, 
cadmium  refiners  should  be  able  to 
obtain  supplies  at  relatively  low  prices. 

Cadmium  refining  operations  are 
currently  conducted  with  extensive  use 
of  respiratory  protection  and  would 
have  to  continue  to  do  so  with  or 
without  the  revised  cadmium  standard. 
The  feasibility  of  cadmium  recycling 
efforts  would  depend  on  the  price  of 
cadmium  and  other  factors  in  the 
business  environment.  The  incremental 
compliance  costs  associated  with  this 
standard  would  be  a  very  minor  factor 
in  investment  decisions  on  this  scale. 

Due  to  environmental  regulation, 
labor  costs,  and  other  factors,  the  costs 
of  domestic  cadmium  refining  may  be 
higher  than  in  other  countries.  Prior  to 
1974,  the  United  States  was  the  world’s 
leading  refiner  of  cadmium  with  11 
plants  producing  cadmium.  Cadmium 
production  dropped  82  percent  by  1982 
even  though  demand  remained  strong. 

By  1989  the  United  States  had  gone  from 
being  nearly  self-sufficient  in  cadmium 
to  a  net  import  reliance  of  62  percent. 

[14,  p.  9]. 

The  impacts  of  the  revised  cadmium 
standard  are  completely  overshadowed 
by  more  fundamental  circumstances  and 
developments  in  this  industry.  Cadmium 
refining  operations  can  continue  in  this 
country  under  the  revised  cadmium 
standard.  The  survival  of  or  investment 
in  such  plants  depends  on  many  factors. 
The  revised  standard  would  have  a 
negligible  influence  in  this  area  because 
(1)  the  incremental  costs  represent  a 
small  fraction  of  revenues  and  return  on 
equity  and  (2)  the  basic  nature  of 
cadmium  refining  operations  with  the 
need  for  respiratory  protection  would 
not  be  changed. 

OSHA  concludes  that  the  revised 
cadmium  standard  is  economically 
feasible  for  the  zinc  refining/cadmium 
producing  industry.  This  determination 
is  based  on  the  evidence  submitted  to 
the  record,  including  the  costs  imposed 
by  the  standard  and  the  industry's 
ability  to  absorb  these  costs. 
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Pigment  Production 

Industry  overview.  Cadmium 
pigments  are  manufactured  at  four 
plants  in  the  United  States. 
Approximately  600  tons  of  cadmium  are 
used  in  the  production  of  cadmium- 
based  pigments  annually.  A  total  of 
about  100  employees  are  exposed  to 
cadmium  in  these  facilities.  [1,  p.  5]. 

Cadmium  pigments  are  inorganic 
compounds  that  range  in  color  from 
yellow  to  red.  They  are  used  to  color 
plastics,  paints,  ceramics,  and  printing 
inks.  The  pigments  are  usually  produced 
as  powders  but  are  also  available  in 
other  forms  such  as  pastes  and  liquids. 
For  applications  in  the  plastics  industry, 
cadmium  pigments  are  available  in 
master  batch  pellets,  which  incorporate 
the  pigment  in  pellets  of  compounded 
polymer  resins. 

Compared  to  other  inorganic 
pigments,  cadmium  pigments  are 
relatively  expensive.  Cadmium  pigments 
are  preferred  and  essential  for  many 
uses  because  other  pigments  lack  the 
qualities  that  cadmium  pigments 
provide.  The  advantages  of  using 
cadmium  pigments  include  heat  stability 
for  manufacturing  plastics  at  high 
temperatures  or  coating  high- 
temperature  surfaces;  coloring  power 
that  is  strong  and  bright;  and  resistance 
to  fading  due  to  aging  or  sunlight. 

Production  processes.  The  process  for 
manufacturing  cadmium  pigments 
differs  among  companies,  and 
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manufacturers  may  utilize  different 
combinations  of  job  classes  depending 
on  the  process.  In  general  the  process 
entails  the  addition  of  cadmium  metal  to 
a  tank  which  contains  an  acid  solution. 
Depending  on  the  color  desired,  sodium 
sulfide  and  selenium  or  zinc  sulfide  are 
added.  The  resulting  precipitate  is 
filtered,  washed,  and  dried.  The  dried 
precipitate  is  then  calcined,  forming  the 
desired  cadmium  pigment.  The  pigment 
is  further  milled  or  blended  to  meet 
customer  specifications.  Finally,  it  is 
packaged,  usually  in  fiber  drums. 

The  cadmium  pigment  manufacturing 
process  generally  involves  the  following 
job  classes  in  addition  to  supervisors, 
maintenance  mechanics,  and  laboratory 
technicians:  Solution  operators,  wet 
solids  operators,  calcine  operators,  and 
dry  solids  operators.  [1,  p.  6j. 

The  solution  operator  is  in  charge  of 
adding  cadmium  metal  flakes  to  the 
preparation  tank  and  may  also  be 
involved  in  the  striking  operation  which 
is  a  wet  process.  Depending  on  the 
manufacturer,  this  position  may  be  two 
different  jobs,  an  operator  and  a  striker. 
The  wet  6olids  operator  transfers  the 


wet  presscake  either  manually  or 
automatically  to  the  drying  department 
In  some  pigment  plants  the  material  is 
manually  transferred  from  drying  trays 
to  the  crushing  operation  where  it  is 
packed  in  drums  and  sent  to  the 
calcining  department.  In  other  facilities, 
the  pigment  is  dried  in  a  closed  system 
using  either  a  belt  dryer  or  pan  dryer. 
Depending  on  the  facility,  pigment  is 
either  added  to  the  calcine  manually  by 
the  calcine  operator  or  it  is  transferred 
to  the  calcine  by  air  from  a  portable 
container.  Dry  solids  operators  are 
responsible  for  further  grinding,  milling, 
or  blending  of  the  cadmium  pigment. 
When  product  specifications  are  met, 
the  pigment  is  packaged. 

Employee  exposures.  The  preliminary 
analysis  accompanying  the  proposed 
rule  relied  on  the  exposure  profile 
developed  by  JACA  Corporation.  [2, 
Table  3-6].  JACA’s  exposure  profile  was 
based  on  seven  years  of  sampling 
results  from  OSHA’s  Integrated 
Management  Information  System  (IMIS) 
data  base  through  August  1986.  JACA 
also  visited  a  pigment  manufacturing 
plant  to  better  understand  and  interpret 


exposure  data.  Their  exposure  profile  is 
presented  in  Table  VUI-C21.  Four  of  the 
six  job  categories  identified  have 
geometric  mean  exposures  of  less  than  6 
pg/m^  the  remaining  two  job  categories 
have  mean  exposures  between  40  pg/m* 
and  50  pg/m3. 

PACE  Incorporated  developed  an 
exposure  profile  for  the  pigment 
manufacturing  industry  at  the  request  of 
the  Cadmium  Council.  [3,  Table  A10-1]. 
This  information  is  summarized  in  Table 
VUI-C22.  The  PACE  estimates  were 
calculated  from  data  supplied  from  one 
plant.  Three  of  the  eight  job  categories 
listed  have  mean  exposures  of  less  than 
50  pg/m3;  four  of  the  job  categories  have 
mean  exposures  of  100  pg/m3  or  more. 

One  pigment  manufacturing  plant 
submitted  personal  monitoring  data  to 
the  record  as  part  of  its  post-hearing 
comments,  including  samples  taken 
during  1990.  [4,  Section  D-l].  These  data 
are  summarized  in  Table  VIII  C-23.  The 
average  eight-hour  time-weighted 
average  exposures  vary  from  less  than 
30  pg/m3  in  some  job  categories  to  over 
100  pg/m3  in  others. 


Table  VHI-C21.— Cadmium  Exposure  Data  for  Cadmium  Pigment  Production  Based  on  JACA 


Concentration  in  pg/ms 


Job  category 

Geometric 

mean 

Median 

Range 

Solution  operator . _ . „ . „ . . .  „ . _ . 

46.2 

28.0 

22.0-160.0 

Wet  solids  operator . . . . . „ . . . 

5.6 

17.5 

0.1-470.0 

Calcine  operator . . . „ . . . _ . 

40.3 

243.0 

0.1-1,020.0 

Dry  solids  operator . _ . . . „ . 

3.9 

2.0 

0.1-1,200.0 

Process  supervisor . . . „ . 

1.1 

1.1 

0.1 -7.0 

3.5 

3.0 

0.1-1.560.0 

Source:  Exhibit  13,  JACA,  Table  3-6. 


Table  VIII-C22.— Profile  of  Occupa¬ 
tional  Exposures  to  Cadmium  in  the 
Cadmium  Pigment  Industry  Based 
on  PACE  Incorporated 


Job  category 

Geometric 

mean 

exposures 

tjig/m3] 

79 

29 

43 

Crusher  operator . 

140 

100 

Wet  system  operator . . . 

44 

Mi!  (man . . . 

222 

145 

Source:  PACE  Incorporated,  Exhibit  19-43,  Attach¬ 
ment  L,  Table  A10-1. 


Table  VIII-C23.— Occupational  Expo¬ 
sures  to  Cadmium  During  Cadmium 
Pigment  Production  Based  on  SCM 
Plant  Data 


Job  category 

Arithmetic 

mean* 

exposures 

t^g/m5] 

27 

12 

56 

278 

50 

Wet  system  operator . „ . 

43 

348 

53 

163 

24 

9 

1  Generally  higher  than  geometric  mean. 

Note:  Based  on  1990  eight-hour  time-weighted 
average  personal  monitoring  data  lor  all  job  catego¬ 
ries  except  attack  operator  and  pressman,  (or  which 
1990  data  were  not  available  and  1988-1989  data 
were  used. 


Source:  SCM  Chemicals,  Post-Hearing  Documen¬ 
tary  Evidence.  Exhibit  112,  Part  D-1. 

Existing  and  Feasible  Additional 
Controls.  Descriptions  of  existing 
controls  and  feasible  additional  controls 
were  provided  to  the  record  from  three 
primary  sources. 

JACA  Corporation  described  the 
limited  use  of  ventilation  systems 
observed  during  a  site  visit  to  one  plant; 
most  operators  were  not  protected  by 
engineering  controls  [2,  page  4-10]. 

JACA  recommended  an  extensive 
expansion  and  improvement  of  the 
ventilation  system,  including  additional 
high-efficiency  local  exhaust  ventilation 
hoods  at  four  work  stations. 

The  plant  visited  by  JACA 
subsequently  implemented  a  major 
exposure  reduction  project,  the  details 
of  which  are  described  in  exhibit  112. 
The  project  was  completed  by  early 
1989.  The  improvements  and 
modifications  listed  as  part  of  this  effort 
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include  a  variety  of  controls  and  were 
based  on  a  comprehensive  approach  to 
reducing  exposures  levels  throughout 
the  plant  According  to  evidence 
supplied  by  the  plant 

The  design  of  the  exposure  reduction 
project  involved  a  number  of  components, 
including  improvement  of  the  existing 
ventilation  system,  installation  of  extensive 
new  ventilation  equipment,  installation  of 
central  vacuuming  equipment,  installation  of 
pneumatic  transfer  equipment,  and  other 
improvements  to  the  processes  and  work 
practices.  (4.  Section  0-2.  p.  3]. 

PACE  Incorporated  evaluated  existing 
controls  and  prospects  for  additional 
controls  in  the  pigment  manufacturing 
industry  {3}.  The  plant  visited  by  PACE 
and  considered  representative  of  the 
industry  was  the  same  plant  that  was 
visited  by  JACA.  By  the  time  of  the 
PACE  site  visit  the  plant  had  completed 
its  exposure  reduction  project  as 
outlined  above.  Additional  controls 
recommended  by  PACE  included  the 
enclosure  of  the  box  opening  and 
dumping  operation  at  the  attack  tanks 
and  adding  back-draft  exhaust 
ventilation.  Together  with  improved 
work  practices  and  reduced  background 
concentrations  of  airborne  cadmium, 
mean  worker  exposures  at  the  attack 
tanks  would  be  expected  to  be  reduced 
by  over  80  percent  to  13  pg/m*  [3,  p.  10- 
4], 

PACE  suggested  that  exposures  at  the 
strike  tanks  would  be  significantly 
reduced  by  providing  more  effective 
exhaust  ventilation  for  the  tanks  and  by 
establishing  frequent  wash  down  of 
surfaces  in  this  area  to  prevent 
contaminant  accumulation. 

PACE’s  recommendations  for  pigment 
transfer  and  calcining  included 
improved  ventilation  and  establishing 
dedicated  equipment  and  enclosed 
chutes  for  multiple  production  lines 
which  would  also  involve  building 
modifications. 

PACE  identified  improved  ventilation 
and  enclosure  as  feasible  additional 


controls  for  the  milling  and  blending 
operations.  The  use  of  parallel 
production  lines  may  also  reduce 
exposures  in  these  operations,  assuming 
that  a  sufficient  number  of  production 
lines  could  be  built  and  that  the  lines 
would  remain  dedicated  to  a  particular 
color  without  the  need  for  clean  out. 

According  to  PACE,  exposures  during 
pressing  and  washing  operations  could 
be  reduced  by  replacing  recessed  plate 
filter  presses  with  automatic  pressure 
filters.  Manual  material  handling  would 
be  eliminated  as  the  discharge  from  the 
belt  filters  would  be  maintained  in 
enclosures.  However,  implementing 
parallel  production  equipment  to 
sufficiently  accommodate  manufacturing 
needs  may  not  be  feasible  and  would 
also  create  additional  exposures  during 
cleaning  and  maintenance  of  the  chutes 
and  enclosures. 

PACE  further  proposed  that  controls 
for  the  drying  operation  include  an 
extension  of  the  semi-automatic 
processing  from  the  pressure  filters, 
eliminating  manual  handling  of  trays, 
tray  drying  racks,  and  the  use  of  static 
drying  ovens.  Drying  would  be 
accomplished  with  continuous  screw 
dryers  from  the  pressure  filter  discharge 
in  a  closed  system.  Dedicated  dryers 
would  be  required  for  each  of  the 
dedicated  pressure  filter  lines. 

Pigment  manufacturers  contend  that 
establishing  dedicated  production  lines 
would  not  be  feasible  given  the  need  to 
make  a  variety  of  products.  In  order  to 
compete  effectively,  the  plants  offer  a 
wide  range  of  products  and  need  to 
maintain  the  flexibility  to  change 
specifications  frequently  by  producing 
custom  blends  using  a  batch  process. 
The  batch  nature  of  the  production 
process  requires  frequent  clean  out  of 
equipment. 

The  capability  for  batch  production 
seems  necessary  and  likely  to  continue 
in  plants  which  compete  globally  in  this 
industry;  and  the  total  number  of  clean 
outs  are  not  likely  to  be  reduced.  OSHA 


concludes  that  feasible  controls  are 
available  to  minimize  exposures  to 
cadmium  during  pigment  manufacturing. 
These  would  include  ventilation 
systems,  enclosures,  and  housekeeping 
measures.  The  industry  appears  to  have 
implemented  some  controls  already, 
although  further  improvements  should 
be  possible  based  upon  the  PACE  report 
analysis. 

Technologically  feasible  limits  for  a 
SECAL.  In  order  to  determine 
appropriate  limits  for  this  industry 
segment,  occupation/process  exposures 
were  separated  into  high  and  low 
categories  (see  section  B  for  a  more 
complete  discussion  of  this  approach). 

In  general,  high  exposure  occupations/ 
processes  had  average  exposure 
readings  above  100  p-g/m3;  the  low 
exposure  group  had  average  exposures 
at  or  below  50  pg/m3. 

Separated  data  indicate  that  the  high 
exposure  processes  include  calcining, 
crushing,  milling,  and  blending 
operations  (with  a  total  of  80  exposed 
employees)  while  low  exposure 
occupations/processes  include  wet 
system,  attack,  and  strike  activities, 
maintenance  and  supervision  (about  40 
employees  exposed).  Figure  VIII-C12 
graphically  shows  the  separated  data. 

Mean  exposure  data  for  the  two  sets 
were  as  follows: 


High 

Low 

group 

group 

Number  of  observations . 

13 

12 

Mean . 

129.6 

23.4 

Standard  deviation . 

100.3 

23.1 

To  verify  that  the  two  groups  within 
this  industry  were  distinct,  a  t  test  was 
performed  on  the  difference  in  the 
means.  The  null  hypothesis  that  the 
means  of  the  exposure  data  were  equal, 
was  rejected  and  the  conclusion  that 
they  were  drawn  from  separate 
statistical  distribution,  was  accepted 
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After  the  statistical  difference 
between  high  and  low  exposure  groups 
was  verified,  the  data  were  analyzed 
separately.  Separate  process  mean 
exposure  values  were  drawn  from  each 
available  data  source.  All  exposure 
values  in  each  set  were  “fitted"  to  a 
straight  line  using  ordinary  lease  square 
formula.  The  result  is  shown  in  Figures 
VIII-C13  and  VIII-C14. 

A  model  was  developed  in  order  to 
identify  the  appropriate  SECAL  level  for 
each  exposure  group.  Current  exposures 
for  each  group  were  reduced  based  upon 
alternative  engineering  control 


efficiency  levels  of  80,  60,  40,  and  20 
percent.  The  higher  the  efficiency  level, 
the  lower  the  projected  exposure  level 
and  the  closer  it  came  to  the  vertical 
axis.  Figures  VIU-C15  and  VTH-C16 
show  the  reductions  and  shift  in  the 
distribution  of  exposures  for  the  high 
and  low  groups  in  pigments 
manufacture. 

The  selection  of  an  appropriate 
efficiency  reduction  factor  was  based  on 
assessments  of  the  anticipated  ability  to 
control  cadmium  exposures  in  this 
industry  as  provided  by  JACA,  PACE, 
and  industry  sources.  JACA  projected 


that  a  reduction  in  exposure  levels  of 
90-95  percent  was  achievable  through 
additional  ventilation  and  improvements 
in  housekeeping  and  work  practices  [2, 
p.  4-12).  According  to  PACE,  80  percent 
reductions  in  exposure  levels  would  be 
achievable  but  would  require  major 
capital  expenditures  and  new 
production  systems  which  were 
considered  infeasible  by  industry 
sources.  The  economic  feasibility  of  the 
control  strategy  was  an  important 
consideration  in  this  sector  since  total 
sector  profits  were  only  $1.5  million. 
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FIGURE  VIII-C13 


PIGMENTS  (HIGH  EXP):  CURRENT 
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FIG’S  RE  VI1I-C16 

-G.VENTS  (LOW  EXP.)  CONTROLLED  80%~2C% 


EXPOSURE  LEVELS  IN  UG/M3 
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In  the  final  analysis  it  was  determined 
that  feasibility  constraints  may  prevent 
establishments  in  this  sector  from 
achieving  an  exposure  reduction  level  of 
over  80  percent.  A  reduction  factor 
range  of  60-80  percent  was  selected 
based  on  the  expected  effectiveness  of 
the  additional  engineering  controls  that 
can  be  implemented  in  these 
establishments.  OSHA  believes  this 
reduction  range  is  both  technologically 
and  economically  feasible  for  this 
industry. 

Following  selection  of  the  efficiency 
factor  range,  the  appropriate  SECALs 
for  each  exposure  group  were  identified 
at  the  level  achievable  for  about  60-80 
percent  of  the  exposure  observations. 

For  the  high  exposure  operations  a 
SECAL  of  50  jig/ms  was  identified,  and 
for  the  low  exposure  operations  a 
SECAL  of  15  jig/ m*  was  identified. 

The  cadmium  standard  authorizes 
supplemental  reliance  on  respirators 
after  all  feasible  engineering  controls 
have  been  implemented.  When  exposure 
levels  are  not  sufficiently  reduced 
through  engineering  controls  alone, 
compliance  with  the  standard  can  be 
achieved  in  this  industry  through  the  use 
of  respiratory  protection. 

Costs  of  compliance  with  50-15  fig/m * 
SECALs  and  5  mg/m1  PEL.  The  costs  of 
compliance  include  costs  for  additional 
engineering  controls,  increased 
respirator  use,  more  comprehensive 
exposure  monitoring  programs,  medical 
surveillance  requirements,  hygiene 
provisions,  and  training  and 
recordkeeping  requirements.  The 
estimated  compliance  costs  represent 
the  incremental  costs  necessary  for 
achieving  compliance  with  the  final  rule 
from  a  baseline  of  current  practices; 
these  costs  do  not  include  current  or 
past  expenditures. 

JACA  provided  estimates  of  the  costs 
of  installing  new  or  improved  local 
exhaust  ventilation  systems.  In  current 
dollars,  the  costs  of  these  systems  range 
from  $51,000  to  $112,000.  [2,  Table  6-1]. 
Annual  operating  and  maintenance 
costs  were  estimated  to  be  10  percent  of 
the  capital  cost.  JACA  projected  that 
new  or  improved  ventilation  systems 
could  be  installed  at  four  work  stations 
per  plant. 

PACE  provided  cost  estimates  for 
several  types  of  controls  in  its  analysis 


of  the  cadmium  production  industry  [3]. 
Controls  for  the  attack  tanks  included 
enclosure  and  back-draft  exhaust 
ventilation,  with  a  capital  cost  of  about 
$30,000  and  an  annual  cost  of  about 
$1,500.  Controls  at  the  strike  tanks 
included  improved  ventilation  and 
increased  wash  down  of  surfaces  to 
prevent  contaminant  accumulation;  the 
capital  cost  would  be  $25,000  and  the 
annual  cost  would  be  $4,000.  Controls 
suggested  by  PACE  for  other  operations 
would  require  building  modifications 
and  the  establishment  of  dedicated 
production  lines.  OSHA  does  not  require 
major  capital  expenditure  for  plants  in 
this  industry  based  on  economic 
feasibility  considerations. 

Details  of  an  exposure  reduction 
program  recently  completed  was 
submitted  to  the  record  by  one  pigment 
manufacturing  plant  [4,  section  D-2]. 

The  program  included  an  improved 
ventilation  system  with  additional  local 
ventilation  systems  in  three  areas,  two 
central  vacuum  systems,  new  pneumatic 
transfer  systems,  two  steam-heated 
make-up  air  units,  replacement  of  six 
mechanical  scales  with  six  digital 
scales,  new  larger  blenders,  portable 
wet  vacuum  units,  and  a  complete 
upgrade  of  the  electrical  system. 

The  project  involved  $1.1  million  in 
capital  costs  and  about  $140,000  in 
annual  costs  for  maintenance  and 
power.  It  appears,  however,  that  these 
costs  were  not  entirely  dedicated  to 
hazard  reduction.  Part  of  this  cost 
involved  the  purchase  of  new  and  more 
efficient  equipment  which  should  not  be 
attributed  to  compliance  costs. 
Adjustment  for  this  factor  would  result 
in  cost  estimates  consistent  with  those 
from  JACA  and  PACE.  (JACA’s  total 
costs  of  compliance  were  lower  because 
fewer  controls  were  recommended; 
PACE’s  total  costs  were  higher  due  to 
large  costs  for  dedicated  lines  and 
building  modifications.) 

The  other  three  plants  in  the  industry 
appear  not  to  have  implemented 
extensive  exposure  control  programs. 
These  plants  would  be  required  to 
install  additional  engineering  controls 
but  would  not  be  required  to  redesign 
production  systems  or  invest  in  new 
buildings. 

Pigment  manufacturers  emphasized 
that  each  plant  was  different  and 


required  different  control  solutions. 
OSHA  recognizes  that  each  plant  would 
develop  engineering  controls  based  on 
individual  circumstances  and  that  the 
combination  of  controls  appropriate  at 
one  plant  may  differ  from  that  at 
another.  OSHA  assumes  that  the  costs 
of  the  controls  identified  below  would 
approximate  the  actual  costs  for  the 
industry. 

The  combined  work  force  at  the  four 
plants  is  about  100  workers.  Most  of 
these  workers  would  probably  need 
respiratory  protection  to  meet  the  PEL  of 
5  p-g/m  *  regardless  of  the  number  of 
controls  installed. 

Table  VIII-C24  presents  the  estimated 
numbers  of  additional  controls  that 
plants  may  need  to  implement,  the  unit 
costs  of  the  controls,  and  the  total  cost 
of  engineering  controls  for  the  industry. 
OSHA  estimates  that  on  average  each 
plant  would  install  three  new  local 
exhaust  ventilation  systems,  provide 
enclosures  for  three  operations,  and 
install  one  additional  central  vacuum 
cleaning  system,  or  use  a  different 
combination  of  controls  with  an 
equivalent  cost.  The  total  annualized 
cost  of  additional  engineering  controls 
for  the  industry  is  estimated  to  be 
$312,000. 

In  addition  to  engineering  controls, 
compliance  with  the  revised  standard 
would  require  respirator  use,  exposure 
monitoring,  medical  surveillance, 
hygiene  facilities,  information  and 
training  programs,  and  recordkeeping. 
The  pigment  manufacturing  industry 
generally  already  provides  extensive 
programs  in  these  areas,  but  the  revised 
standard  may  require  some  of  these 
programs  to  be  expanded.  The  estimated 
costs  of  compliance  represent  the 
incremental  expenditure  necessary  to 
meet  the  requirements  and  do  not 
include  costs  of  current  programs. 

Testimony  from  the  industry  indicated 
that  companies  currently  provide 
medical  exams  for  every  employee 
annually  or  every  two  years,  conduct 
biological  monitoring  and  exposure 
monitoring  annually  or  more  frequently 
and  that  some  respirator  use  occurs 
among  the  entire  workforce  [5]. 
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Table  VIU-C24.— Estimated  Costs  of  Additional  Controls  in  the  Pigment  Manufacturing  Industry 


Cost  per  control  CSthousands] 

Industry  costs  CSthousands] 

Total 
!  annua¬ 
lized 
industry 
cost 
CSthov- 
sanos) 

i*pe  of  control 

Controls 
per  plant 

Total 

industry 

controls 

Capital 

Annual 

power 

and 

mainte¬ 

nance 

!  Annual 
labor 

Capital 

| 

Annua¬ 

lized 

capital 

Annual 

power 

and 

i  mamte- 
|  nance 

Annual 

labor 

3 

gg 

80 

8 

H 

960 

156 

0 

25 2 

1 

15 

1 

60 

10 

28 

42 

Enclosure . 

3 

12 

9 

■K3 

HE 

108 

18 

WUml 

0 

18 

MMHH 

28 

MEWS 

■ 

1,128 

184 

100 

28 

312 

MMMI 

■MMMI 

1  Based  on  four  plants  needing  additional  controls. 

Note:  Totals  may  not  add  due  to  rounding 

Source:  Office  of  Regulatory  Analysis,  OSHA,  U  S.  Department  of  Labor. 


For  purposes  of  calculating  the  costs 
of  compliance  for  the  industry,  OSHA 
estimates  that  80  percent  of  the  100 
exposed  employees  would  have  to  wear 
a  respirator,  and  that  about  half  of  this 
respirator  use  is  currently  occurring. 
Thus,  additional  respiratory  protection 
would  be  needed  for  about  40 
employees.  With  an  average  annual  cost 
per  employee  of  $300  for  providing  a 
respirator.  HEPA  filter  changes,  and  a  fit 
test,  the  annual  cost  for  the  industry 
would  be  $12,000. 

The  revised  standard  requires 
exposure  monitoring  semi-annually  for 
"each  shift  for  each  job  classification  in 
each  work  area.”  On  average,  six  job 
categories  over  three  shifts  in  four 
plants  would  require  144  samples  to  be 
taken  annually  in  the  industry.  If  one 
quarter  of  this  sampling  is  already  done, 
the  laboratory  cost  of  analyzing  each 
sample  is  $40,  and  the  average  cost  per 
plant  to  perform  the  sampling  is  $1,500 
annually,  then  the  additional  annual 
cost  to  the  industry  for  this  provision 
would  be  about  $10,300. 

Compliance  with  the  medical 
surveillance  provisions  of  the  revised 
standard  appears  to  be  partially  met  by 
pigment  producers  [5j.  However,  OSHA 
believes  that  some  employees  may  not 
be  provided  with  all  of  the  required 
exams  and  tests.  More  frequent  exams 
and  tests  are  required  for  employees 
under  certain  conditions  and  for 
employees  who  may  be  medically 
removed. 

Expanding  the  medical  surveillance 
programs  in  this  industry  to  meet  the 
requirements  of  the  revised  standard 
may  involve  30  additional  physicals 
annually  and  an  additional  100  of  each 
of  the  three  biological  monitoring  tests. 
Physicals  are  estimated  to  cost  $250 
each,  lab  analysis  for  a  /k-microglobulin 
sample  is  estimated  to  cost  $80,  lab 
analyses  for  cadmium  in  blood  and 
urine  are  estimated  to  cost  $60  each,  and 
the  cost  of  collecting  biological 
monitoring  samples  is  estimated  to  be  $5 
per  sample.  Incremental  costs  for 


medical  exams  and  testing  for  the 
industry  are  thus  estimated  to  be  $29,000 
annually  (30  *  $250  +  100  *  $215). 

Requirements  for  medical  removal 
may  involve  compliance  costs  in 
addition  to  those  for  more  frequent 
medical  exams  and  monitoring 
estimated  above.  The  criteria  for 
mandatory  removal  would  affect 
employees  with  the  most  extreme 
biological  monitoring  levels.  The  criteria 
for  removal  also  allow  for  considerable 
physician's  discretion.  An  estimated  6 
percent  of  the  exposed  workforce  may 
be  removed  initially  on  the  basis  of 
these  criteria  and  the  discretion  of 
physicians. 

Compliance  with  the  new  PEL  for 
cadmium  and  other  requirements  of  the 
final  cadmium  standard  should  prevent 
a  continuing  need  to  remove  employees. 
The  number  of  employees  with 
relatively  high  past  exposures  who 
would  be  more  likely  to  be  removed 
should  decline  through  attrition. 
However,  as  the  criteria  for  removal 
become  broader  in  future  years  (lower 
levels  of  cadmium  in  blood  and  urine 
triggering  mandatory  removal), 
additional  employees  may  be  subject  to 
removal.  The  costs  associated  with  the 
medical  removal  provisions  are 
approximated  by  assuming  that  on 
average,  8  percent  of  the  exposed 
workforce  may  be  removed  every  5 
years. 

The  number  of  employees  removed 
should  be  small  enough  to  enable 
establishments  to  provide  removed 
employees  with  alternative  positions. 
Costs  to  the  employer  would  include 
paying  possible  wage  subsidies  to 
removed  workers,  and  hiring  and 
training  new  employees.  The  average 
cost  per  removed  employee  would  be  an 
estimated  $5,000.  An  estimated  6 
employees  may  be  removed  every  five 
years  on  average  in  the  cadmium 
pigment  industry,  and  the  average 
annual  cost  for  the  industry  would  be 
$6,000. 


The  total  annual  cost  for  the  medical 
surveillance  and  medical  removal 
provisions  is  thus  an  estimated  $35,000. 

Achieving  compliance  with  the 
hygiene  provisions  of  the  revised 
standard  may  involve  additional  costs 
at  some  establishments.  PACE 
estimated  that  the  necessary  expansion 
of  showering  facilities  would  cost  about 
$90,000  per  establishment  which  is  an 
annualized  cost  of  about  $14,650.  In 
addition,  the  estimated  annual  cost  per 
employee  associated  with  showering  is 
$900  and  would  apply  to  an  estimated  50 
additional  employees.  The  total  annual 
industry  cost  associated  with  the 
hygiene  provisions  is  thus  estimated  to 
be  $103,600. 

Incremental  costs  for  recordkeeping 
are  estimated  to  be  about  $5  per 
employee  annually.  Up  to  100  employees 
may  be  affected  by  these  requirements 
which  would  result  in  an  annual 
compliance  cost  of  about  $500.  The 
training  requirements  and  other 
information-related  requirements  are 
not  expected  to  involve  additional 
compliance  costs. 

The  total  annualized  costs  of 
compliance  with  the  cadmium  standard 
for  this  industry  are  estimated  to  be 
$473,400.  These  costs  are  summarized  by 
provision  in  Table  V1II-C25. 

Economic  feasibility  of  50-15  fig/m3 
SECALs  and  5  ng/m3  PEL  The 
economic  feasibility  of  the  revised 
cadmium  standard  for  the  cadmium 
pigments  industry  was  analyzed  on  the 
basis  of  the  technological  feasibility 
analysis  and  the  projected  costs  of 
compliance  presented  above.  The  batch 
production  process  used  to  manufacture 
cadmium  pigments  limits  the 
applicability  of  some  types  of 
engineering  controls.  The  use  of 
respirators  is  authorized  by  the  final 
rule  where  engineering  controls  have 
been  implemented  to  the  extent  feasible 
and  worker  exposures  remain  above  5 
pg/m3. 
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The  determination  of  economic 
feasibility  is  based  on  an  analysis  of  the 
financial  and  economic  impacts  of 
compliance  with  the  revised  cadmium 
standard.  The  main  focus  involves 
impacts  on  prices  and  profitability, 
including  an  assessment  of  the  elasticity 
of  demand  for  the  industry’s  product.  In 
addition,  consideration  is  given  to 
effects  on  competition,  employment 
capital  requirements,  industry  output, 
and  international  trade. 

The  most  important  determinant  of  a 
regulated  industry’s  pricing  flexibility  is 
demand  elasticity.  The  extent  to  which 
regulated  firms  can  pass  through 
compliance  costs  to  their  customers  by 
increasing  prices  depends  largely  on  the 
elasticity  of  demand.  Compliance  costs 
that  cannot  be  recovered  through  price 
increases  would  have  to  be  absorbed 
from  profits.  A  relatively  inelastic 
demand  increases  the  ability  of 
producers  to  increase  prices  without 
losing  sales. 

Table  VIII-C25.— Estimated  Costs  of 
Compliance  With  the  Revised  Cad¬ 
mium  Standard  for  the  Pigment 
Production  Industry 


Provision 

Annualized 

cost 

[$thou- 

sandsl 

Exposure  control . . . 

312.0 

Respirator  use . 

120 

Exposure  monitoring 

10.3 

Medical  surveillance . „ . 

35.0 

Hygiene  lacilities/  practices . 

Recordkeeping  and  Information . 

Total . 

103.8 

0.5 

473.4 

Note:  Costs  do  not  include  current  expenditures. 
Source:  Office  of  Regulatory  Analysis,  OSHA.  U.S 
Department  of  Labor. 


Factors  that  influence  demand 
elasticity  include  the  availability  of 
substitutes  for  the  product,  the 
importance  of  the  product  in  customers’ 
budgets,  the  degree  of  technological  or 
contractual  dependence  of  customers, 
and  the  importance  of  price  versus  non- 
price  attributes  of  the  product 

The  typical  U.S.  cadmium  pigment 
producer  earns  about  $7.5  million  in 
revenues  annually  [8,  p.  4-7].  Profits  are 
estimated  to  be  about  5  percent  of 
revenues  [2,  p.  7-8],  or  $375,000 
annually.  According  to  industry  sources. 
"U.S.  producers  utilize  facilities  with 
similar  processes  and  scale  economies 
so  that  compliance  with  the  standard  is 
not  likely  to  result  in  differences  in  costs 
among  U.S.  producers.’’  [8,  p.  4-7]. 

In  order  to  evaluate  the  potential 
impact  of  compliance  with  the  revised 
cadmium  standard,  the  maximum  effect 
on  prices  and  profits  was  determined. 


Under  conditions  of  inelastic  demand, 
compliance  costs  could  be  passed  on  to 
customers  through  higher  prices.  A  price 
increase  of  less  than  1.6  percent  would 
be  sufficient  to  fully  offset  the 
compliance  costs.  If  none  of  the 
compliance  costs  could  be  recovered  by 
raising  prices,  then  the  costs  would 
result  in  a  reduction  of  profits  of  31 
percent.  The  actual  result  would 
probably  involve  a  combination  of  a 
small  rise  in  prices  and  a  reduction  in 
profits. 

The  overall  demand  for  cadmium 
pigments  appears  to  be  relatively 
inelastic  due  to  their  superior  coloring 
features  and  chemical  properties. 
Cadmium  pigments  inhibit  aging, 
prevent  embrittlement  resist  migration 
and  interaction  with  other  chemicals, 
and  withstand  processing  temperatures 
of  up  to  600  degrees  Celsius.  Tlie  sum  of 
these  properties  allows  cadmium 
pigments  to  be  used  for  coloring  all 
types  of  plastics  and  is  unattainable  by 
any  other  class  of  colorants. 

Cadmium  pigments  are  also  more 
expensive  than  other  types  of  pigments. 
In  some  applications,  such  as  the 
production  of  low-density  polyethylene, 
the  properties  of  cadmium  pigments  are 
not  required  and  less  expensive 
substitutes  can  be  used.  Environmental 
regulations  in  the  U.S.  and  abroad  have 
also  provided  incentives  to  substitute 
away  from  cadmium  pigments.  Where 
their  unique  properties  are  not  essential, 
the  use  of  cadmium  pigments  has  been 
declining. 

The  plastics  industry  is  currently  the 
main  consumer  of  cadmium  pigments, 
using  about  80  to  SO  percent  of  total 
consumption.  Other  applications  can  be 
found  in  the  paints,  ceramics,  and 
enamel  industries.  On  the  whole,  the 
limits  of  substitution  appear  to  have 
been  reached  [4,  Part  D4,  p.  1].  Growth 
in  the  overall  demand  for  cadmium 
pigments  should  be  limited  to  those 
applications  requiring  their  use.  The 
total  demand  is  likely  to  remain 
relatively  inelastic  under  current 
technological  conditions. 

Pigments  account  for  only  small 
percentage  of  the  cost  of  final  products. 
For  example,  only  about  1.5  percent  of 
plastic  by  weight  is  attributable  to 
cadmium  pigments.  Since  plastic  resins 
are  relatively  expensive,  the  cost  of 
cadmium  pigments  contained  in  the 
resins  amounts  to  less  than  1  percent  of 
the  cost  of  the  final  product 
_  Although  the  total  demand  for  the 
industry  is  inelastic  on  a  global  scale, 
the  demand  for  the  product  of  individual 
firm  or  a  subset  of  firms  would  be  more 
elastic  due  to  competitive  forces  of  the 
market.  Since  the  revised  rule  affects  all 


firms  in  the  U.S.,  the  total  demand  for 
these  firms  should  be  evaluated  in  the 
context  of  the  presence  of  foreign 
competition. 

Currently  each  domestic  producer  has 
a  market  share  of  over  15  percent  [8,  p. 
2-21].  (A  major  U.S.  production  facility 
producing  5.5  million  pounds  per  year 
recently  closed,  allowing  competitors  to 
increase  market  shares  and  revenues 
[ibid.].)  Industry  sources  indicate  that 
imports  account  for  20  to  30  percent  of 
the  U.S.  market.  The  imported  pigments 
reportedly  sell  for  15  to  30  percent  less 
than  domestically  produced  pigments  [8. 
p.  4-7],  signifying  that  domestic 
producers  are  able  to  maintain  sales 
volumes  through  some  form  of  product 
differentiation  possibly  involving 
customer  service  or  product  quality 
control.  It  is  not  clear  whether  the  higher 
prices  are  associated  with  less  efficient 
production  systems,  higher  production 
costs,  or  larger  profit  margins. 

The  costs  of  compliance  with  the 
cadmium  standard  would  increase 
production  costs  for  U.S.  producers. 
However,  the  magnitude  of  these  costs 
are  not  likely  to  cause  a  significant 
impact  on  the  domestic  industry 
because  of  the  relatively  small  changes 
in  prices  and  profits  that  would  result. 
These  changes  would  be  overshadowed 
by  more  fundamental  and  substantial 
developments  in  the  industry,  including 
price  changes  of  raw  materials  and 
labor,  restrictive  environmental 
regulations  in  the  U.S.  and  other 
countries,  and  changes  in  demand. 

Compliance  with  the  revised  cadmium 
standard  is  considered  to  be 
economically  feasible  for  the  pigment 
manufacturing  industry.  One  U.S.  plant 
recently  completed  an  exposure 
reduction  project  which  involved  over  $1 
million  in  capital  costs.  [The  annualized 
cost  is  estimated  to  be  about  $320,000  [4, 
section  D-2].)  This  investment  indicates 
an  expectation  of  profitability  and  a 
willingness  to  remain  in  the  industry 
despite  increased  production  costs. 

Notes 

1.  Exhibit  19-40,  Dry  Color  Manufacturers’ 
Association,  Comments  “Re:  Occupational 
Exposure  to  Cadmium,"  May  11, 1990. 

2.  Exhibit  13,  “Economic  Impact  Analysis  of 
the  Proposed  Revision  to  the  Cadmium 
Standard,"  Final  Report  ]ACA  Corporation, 
March  15, 1988. 

3.  Exhibit  19-43,  Attachment  L,  “Feasibility 
and  Cost  Study  of  Engineering  Controls  for 
Cadmium  Exposure  Standard.”  PACE 
Incorporated,  April  30, 1990. 

4.  Exhibit  112,  "Post-Hearing  Documentary 
Evidence  Submission  by  SCM  Chemicals, 
Inc.”,  Cleary,  Gottlieb.  Steen,  &  Hamilton. 
September  18, 1990. 

5.  Hearing  Transcript,  p.  5-55,  p.  5-56,  p.  5 
158,  p.  5-214,  p.  5-221;  June  11, 1990. 
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6.  Exhibit  106,  Attachments. 

7.  Exhibit  112,  Attachment  E. 

8.  Exhibit  19-43,  Attachment  1,  "Economic 
and  Technological  Feasibility  of  a  5 
Microgram  per  Cubic  Meter  Workplace 
Standard  for  Airborne  Cadmium,'*  Putnam, 
Hayes,  ft  Bartlett,  Inc.,  April  30, 1990. 

Stabilizer  Production 

Industry  overview.  Cadmium 
stabilizers  are  used  primarily  in  the 
production  of  polyvinyl  chloride  (PVC). 
The  stabilizers  are  available  in  solid 
and  liquid  forms  and  are  added  to 
plastic  resins  to  provide  heat  stability 
and  protection  from  ultraviolet  light.  The 
cadmium  content  of  the  stabilizers  can 
range  from  1  to  15  percent  by  weight, 
and  the  stabilizers  constitute  from  0.5  to 
2.5  percent  of  the  final  PVC  compound 

[1,  p.  2-18]. 

Cadmium  stabilizers  are  currently 
supplied  by  four  companies  operating 
five  plants  in  the  United  States  [2, 
Attachment  I,  p.  3;  and  1,  p.  4-6],  and 
employing  200  workers  with  cadmium 
exposure.  The  scale  of  production  is 
similar  in  the  five  plants.  Three  of  the 
four  manufacturers  are  large  and  diverse 
chemical  companies,  and  cadmium 


stabilizers  represent  a  “very  small 
percentage”  of  their  total  revenues.  The 
consumption  of  cadmium  in  this  industry 
has  remained  fairly  constant  since  1978, 
ranging  from  about  500  to  650  metric 
tons  per  year  (1,  p.  2-18  and  4-8}. 

Production  processes.  The  production 
of  cadmium  stabilizers  involves  several 
steps.  The  first  step  is  referred  to  as  the 
reaction  step.  Cadmium  oxide  is  added 
to  a  reaction  vessel  with  one  or  more 
organic  acids.  Other  compounds  may  be 
added  depending  on  the  specific  product 
chemistry  desired. 

For  powdered  stabilizers,  the  reaction 
step  is  followed  by  (hying,  flaking,  and 
regrinding.  Liquid  stabilizers  are  filtered 
and  pumped  to  blending  tanks.  Both 
types  of  stabilizers  may  be  blended  with 
other  substances  before  being  packaged 
in  bulk  containers  [3,  p.  8-1]. 

Employee  exposures.  The  exposure 
profile  in  the  preliminary  analysis  was 
based  on  research  conducted  by  ]ACA 
Corporation,  using  data  from  seven 
years  of  sampling  results  in  OSHA's 
IMIS  data  base  [4,  Tables  3-4  and  3-5]. 
JACA  developed  separate  exposure 
profiles  for  workers  in  the  dry  and  wet 
processes  and  these  are  presented  in 


Table  VIU-C28.  In  the  dry  process, 
production  workers  have  estimated 
mean  exposures  between  45  pg/m3  and 
65  fig/m3;  in  the  wet  process,  mean 
exposures  for  production  workers  are 
less  than  50  fig/m3.  Supervisors  and 
maintenance  technicians  during  both 
processes  are  estimated  to  have  mean 
exposures  of  less  than  5  pg /m3,  but 
individual  samples  can  vary  widely. 

The  exposure  profile  developed  by 
PACE  [3,  p.  8-2]  is  presented  in  Table 
VHI-C27.  Seven  job  categories  are  listed 
for  solids  production,  and  six  of  these 
have  estimated  mean  exposures  over  40 
pg/m3.  The  job  category  listed  for  liquid 
production  has  an  estimated  mean 
exposure  of  139  pg/m3. 

One  stabilizer  manufacturer 
submitted  exposure  monitoring  data  for 
dry  and  liquid  processes  [2,  Attachment 
III].  The  samples  were  collected  in 
cadmium  process  areas  with  and 
without  cadmium  products  running.  In 
addition,  the  data  are  disaggregated  into 
categories  indicating  exposure  levels 
before  and  after  the  installation  of 
additional  engineering  controls,  such  as 
improved  ventilation  and  enclosure. 


Table  VUI-C26.— Cadmium  Exposure  Data  for  Cadmium  Stabiuzer  Production  Based  on  JACA 


Concentration  in  hq /m* 


Job  category 

Geometric 

mean 

Median 

Range 

Dry  Process: 

Solution  operator .  . 

46.2 

28.0 

224-1600 

Dry  solids  operator . . . .  . . . . . 

63.0 

140.0 

1.0-9300 

Process  supervisor . - . ,  .  .  . 

1.1 

1.1 

01-74 

Maintenance  technician . . . . . . . . . . .  . .  . 

3.5 

3.0 

0.1-1,560.0 

22.0-1000 

Wet  process: 

Solution  operator . . . . . . 

46.2 

28.0 

Maintenance  technician . . . . 

3.5 

3.0 

01-1,560.0 

Source:  Exhibit  13,  JACA,  Tables  3-4  and  3-6. 


Table  VHI-C27.— Profile  of  Occupa¬ 
tional  Exposures  to  Cadmium  in  the 
Cadmium  Stabilizer  Industry  Based 


on  PACE  Incorporated 

Job  Category 

Geometric 

mean 

exposures 

0*g/m»> 

Solids  Production: 

Cadmium  oxide  charging _ 

126 

F laker  discharge  . . . 

10 

Crusher . . . . .  _ 

45 

Grinder . . . .  .. 

65 

Rotary  dryer . .  . 

224 

Tote  bin  unloader . . . .  . 

91 

Blender  and  packager . . . 

214 

Liquid  Production: 

Cadmium  oxide  charging . . 

139 

Source:  PACE  Incorporated,  Exhibit  t9-43.  Attach¬ 
ment  L,  Table  A8-1. 
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Table  VIII-C28.— Cadmium  Exposure  Data  for  Cadmium  Stabilizer  Production  Based  on  Company  Data 


Job  category 

Geometric  mean  concentrations  in  >ig/m* 

Before 

controls 

After 

[  controls 

Without 
cadmium  in 
process 

1748 

29 

7.0 

1.2 

Dry  process  blending . . . . . . 

38.6 

24.4 

117.4 

Source:  Exhibit  19-46,  Attachment  III,  Synthetic  Products  Company. 


Table  VTII-C28  summarizes  the  data 
submitted.  Mean  exposure  levels  during 
both  types  of  processes  involving 
cadmium  stabilizers  are  less  than  40  pg/ 
m3  after  upgrading  controls.  Mean 
exposure  levels  when  cadmium  products 
are  not  running  are  7  pg/m3  or  less  for 
the  dry  process  and  under  2  pg/m3  for 
the  liquid  process. 

Employee  exposures  during  the 
production  of  cadmium  stabilizers  are 
generally  associated  with  specific  tasks 
which  occur  intermittently.  The  dry 
process  involves  batch  production;  on 
average  exposures  to  cadmium  occur 
one  week  per  month.  Potential 
exposures  during  the  liquid  process  are 
more  limited  and  occur  about  two  hours 
per  week  per  shift  [2,  Appendix  I,  p.  4]. 

Existing  and  feasible  additional 
controls.  OSHA’s  preliminary  analysis, 
based  on  the  JACA  report  [4],  described 
existing  controls  at  the  blender  and 
packaging  areas  of  the  dry  process 
consisting  of  local  exhaust  ventilation 
hoods  connected  to  a  baghouse.  Solution 
operators  in  the  wet  process  had  no 
controls. 

For  dry  process  stabilizer  production, 
JACA  recommended  the  installation  of 
an  additional  local  exhaust  ventilation 
system  with  a  baghouse  for  dissolver 
charging  operations,  and  expanded  and 
improved  ventilation  systems  with  a 
new  baghouse  for  the  blending  and 
packaging  areas.  Enclosures  and  other 
measures  to  seal  fugitive  emissions  were 
recommended  for  the  charging,  blending, 
and  packaging  areas.  Improvements  in 
housekeeping  and  work  practices, 
including  frequent  vacuuming  or  damp 
mopping,  were  also  recommended  for 
each  operation.  ' 

For  wet  process  stabilizer  production 
additional  controls  were  recommended 
for  the  charging  operation.  These  would 
include  a  close-fitting  hood  at  the 
dissolving  vessel  connected  to  a 
baghouse,  as  well  as  improvements  in 
housekeeping  and  work  practices. 

PACE  Incorporated  also  provided 
descriptions  of  existing  and  feasible 
additional  controls  for  both  dry  and  wet 
process  cadmium  stabilizer  production 
[3,  p.  8-1  through  8-14].  For  the  dry 
process,  PACE  recommended  that  each 


reactor  in  the  cadmium  oxide  charging 
operation  be  provided  with  an 
automated  and  enclosed  drum-dumping 
station  that  would  handle  and  charge 
the  cadmium  oxide  and  then 
automatically  wash,  rinse,  and  dry  the 
empty  drums.  Existing  local  exhaust 
ventilation  at  this  operation  would  be 
retained  to  ventilate  the  drum  dump 
station  and  any  waste  water  generated 
would  be  handled  at  existing  treatment 
facilities.  PACE  noted  possible 
difficulties  in  applying  this  technology  in 
this  industry  and  that  the  projected 
exposure  reductions  of  over  85  percent 
“may  not  be  achievable."  [3,  p.  8-4]. 

For  the  flaker  operation,  PACE 
recommended  improved  enclosure  at  the 
feed  end  and  a  ventilated  drum 
enclosure  to  control  the  flaker  discharge. 
Increased  attention  to  housekeeping  and 
work  practices  were  also  considered 
necessary  to  reduce  exposure  levels. 

According  to  PACE,  exposures  could 
be  reduced  at  the  crusher  operation  by 
enclosing  the  feed  table  and  providing 
backdraft  ventilation,  sealing  fugitive 
emissions  sources,  and  improving 
ventilation  for  the  drum  enclosure.  The 
grinder  operation  was  considered 
amenable  to  total  enclosure  in  a 
negative  pressure  area  using  an 
additional  exhaust  ventilation  system. 
Rotary  dryer  and  tote  bin  unloading 
operations  could  be  improved  by  sealing 
several  fugitive  emissions  sources  and 
by  providing  enclosures  that  would 
make  ventilation  systems  more 
effective. 

Exposure  levels  during  blending  and 
packaging  operations  could  also  be 
reduced.  The  drum  filling  station 
analyzed  by  PACE  was  described  as 
"enclosed  on  three  sides  and  provided 
with  exhaust  ventilation.”  [3.  p.  8-9]. 

The  average  exposure  at  this  station 
was  estimated  to  be  214  pg/m3, 
including  contributions  from  other 
sources. 

PACE  presented  recommendations  of 
additional  controls  for  this  operation 
that  included  an  automated  drum 
dumping  station  with  wash,  rinse,  and 
drying  facilities,  and  a  “completely 
revised"  drum  filling  operation.  These 
technologies  "have  been  used 


successfully  in  other  industries”  [3,  p.  8- 
4],  are  available  at  reasonable  cost,  and 
their  implementation  appears  to  be 
feasible  in  this  industry. 

In  addition  to  operation-specific 
controls,  PACE  recommended  other 
measures  for  reducing  exposures  during 
solids  production.  All  interior  surfaces 
of  the  building  would  be  steam  cleaned 
and  painted  to  reduce  the  presence  of 
residual  materials.  High-efficiency 
secondary  filtration  would  be  added  to 
the  exhaust  discharges  of  all  new  and 
existing  fabric  filters  to  reduce  cadmium 
emissions  to  the  environment  (and 
possibly  intake  concentrations).  A  clean 
production  facility  with  a  good 
housekeeping  program  can  contribute  to 
keeping  exposures  low. 

One  manufacturer  submitted 
comments  indicating  that  existing 
controls  in  the  wet  process  include  a 
recently  upgraded  ventilation  system, 
standardized  work  practices,  and  the 
use  of  a  central  vacuum  system.  The 
company  does  "not  envision  that  levels 
could  be  reduced  much  below"  current 
exposure  levels  (below  25  pg/m3)  in  the 
wet  process.  In  the  dry  process  the 
blending  and  packaging  operations  have 
recently  been  completely  redesigned 
and  include  improved  ventilation 
systems,  screws  for  transfer  of  material, 
enclosed  bag  compactors,  and  the  use  of 
a  central  vacuum  cleaner.  (2,  Appendix 
I,  p.  7].  Testimony  from  a  cadmium 
stabilizer  producer  indicated  that  lower 
exposures  can  be  expected  for  the  dry 
process  operator  as  a  result  of  further 
engineering  controls  [11]. 

Technological  feasibility  limit  for  a 
SECAL  Following  the  procedure 
outlined  in  section  B  above,  OSHA 
separated  exposures  into  high  and  low 
occupation/process  exposure  groups  to 
facilitate  analysis.  Exposure  data  were 
divided  such  that  the  difference  between 
the  mean  values  for  the  two  separated 
data  sets,  was  maximized. 

Data  segregation  resulted  in  the 
identification  of  a  high  occupation/ 
process  exposure  group  which  included 
cadmium  oxide  charging,  drying, 
crushing  and  blending  operations  (job 
categories  in  solids  and  liquids  cadmium 
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stabilizer  production).  These  operations 
involve  about  25  percent  of  employee 
exposures,  representing  about  50  full¬ 
time  equivalent  (FTE)  employees.  All 
remaining  occupations/processes  in  this 
sector,  involving  about  150  FTE  workers, 
were  in  the  low  exposure  category. 
Figure  VIII-C17  presents  the  high  and 
low  exposure  categories  in  a  “box  and 
whisker"  graph. 

Mean  exposure  data  for  the  two  sets 
were  as  follows: 


High 

Low 

group 

group 

Number  of  Observations . 

13 

6 

Mean . 

116.3 

3.2 

High 

Low 

group 

group 

Standard  Deviation . 

67.4 

2.15 

To  verify  that  the  two  groups  within 
this  industry  were  distinct  a  t  text  was 
performed  on  the  difference  in  the 
means.  Even  with  the  small  sample  and 
the  large  standard  deviation  for  the  high 
group  the  t  statistic  was  3.7.  In  this  case, 
there  was  less  than  a  six  percent 
probability  that  the  t  statistic  would  be 
larger  than  2.0  if  the  means  were  equal. 
Therefore,  the  null  hypothesis  that  the 
means  of  the  exposure  data  were  equal 
was  rejected,  and  the  conclusion  that 


they  were  drawn  from  separate 
statistical  distribution  was  accepted. 

After  the  statistical  difference 
between  high  and  low  exposure  groups 
was  verified,  the  data  were  analyzed 
separately.  In  Figures  VIII-C18  and  VIII— 
C19  process  mean  exposure  values  were 
drawn  from  available  data  sources.  The 
mean  values  for  each  group  were 
“fitted”  to  a  straight  line  using  ordinary 
least  squares  methodology.  For  the  high 
exposed  cadmium  group  over  one-half  of 
the  mean  exposure  values  are  above  100 
fx g/m3  (Figure  VIII-C18).  All  exposures 
in  the  low  group  are  below  10  jxg/m3. 
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FIGURE  VIII-C17 
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FIGURE  VIII-C18 
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FIGURE  VIII-C19 


STA3IL1ZEFS  (LOW  EXP)  CURRENT 


EXPOSURE  LEVEL  IN  UG/M3 
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For  each  group  a  model  was 
developed  to  graphically  show  the  effect 
on  the  exposure  distribution  after 
current  exposures  were  reduced  using 
alternative  engineering  control 
efficiency  factors  of  80  percent  down  to 
20  percent,  in  20  percent  increments.  The 
higher  the  efficiency  level  the  lower  the 
projected  exposure  level  and  the  closer 
the  projected  exposure  line  moves  to  the 
vertical  axis.  Figures  VIII-C20  and  VIII- 
C21  show  the  reduction  and  shift  in  the 
distribution  of  exposures  for  the  high 
and  low  groups  in  stabilizer  operations. 


The  selection  of  an  appropriate 
engineering  control  reduction  factor  was 
based  on  evidence  and  testimony  in  the 
record  and  economic  feasibility 
considerations. 

The  evidence  in  the  record 
substantiates  the  finding  that  additional 
feasible  controls  are  available  and  can 
be  implemented  to  further  reduce 
exposure  levels.  The  extent  of  current 
controls  in  place  and  the  applicability  of 
specific  additional  controls  will  vary 
depending  on  the  individual  plant  but 
the  relevant  comments  in  the  record 


basically  agree  that  a  multitude  of 
control  options  exists  to  limit  airborne 
cadmium  concentrations.  These  are 
generally  conventional  technologies  that 
are  commonly  known,  readily  available, 
and  to  some  degree  currently  used  in  the 
industry,  as  described  above. 

Analysis  developed  by  JACA 
projected  exposures  of  less  than  5  pg/ 
ms  after  the  implementation  of 
engineering  controls  in  most  liquid  and 
dry  processes  [4,  pp.  3-13,  3-15, 4-12]. 
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FIGURE  VIII-C20 

STABILIZERS  (HIGH  EXP.):  CONTROLLED  80%-20% 


EXPOSURE  LEVELS  IN  UG/M3 


VIII-C137 


PERCENT  OF  EXPOSURES  BELOW  LEVEL 
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NIOSH  stated  in  their  testimony  that  the 
production  of  liquid  and  solid 
formulations  should  be  controllable  to  5 
p,g/m3  through  engineering  containment 
and  ventilation  [5,  p.  10].  NIOSH  draws 
upon  decades  of  industrial  hygiene 
experience  and  hundreds  of  exposure 
control  studies  in  making  such 
evaluations  [6],  and  characterizes 
stabilizer  manufacture  as  “a  typical 
batch  chemical  manufacturing  process” 

[5,  p.  27].  Mean  exposures  projected  by 
PACE  are  10  pg/m3  or  less  for  six  out  of 
eight  job  categories  identified  [3,  p.  8-2]. 

Air  monitoring  data  recently 
submitted  to  the  record  by  a  cadmium 
stabilizer  manufacturer  using  the  dry 
process,  show  that  two  of  the  four 
samples  for  blending  and  packing 
operations  taken  while  running 
cadmium  products  were  less  than  15  pg/ 
m3.  The  geometric  mean  of  all  personal 
samples  taken  during  blending  and 
packing  was  less  than  14  pg/m3,  and  if 
two  outliers  above  99  pg/m3  are 
excluded  the  mean  is  less  than  9  pg/m3 
[7,  Attachment  3].  Mean  exposures 
when  cadmium  products  are  not  running 
are  reported  to  be  less  than  8  pg/m3  in 
all  job  categories  [2,  Attachment  III]; 
these  conditions  would  apply  to  about 
75  percent  of  the  workdays  [2,  Appendix 
I,  p.  3]. 

Significant  exposures  were  reported 
for  one  operation  in  the  wet  process 
(charging  CdO]  [7,  Attachment  4].  This 
operation  occurs  for  about  two  hours 
per  week  per  shift  or  for  about  5  percent 
of  the  total  hours  for  one  job  category  [2, 
Attachment  I,  p.  4].  The  mean  exposure 
during  this  periodic  operation  is  less 
than  25  pg/m3;  mean  exposures  at  other 
times  and  in  other  operations  are  less 
than  2  pg/m3  [2,  Attachment  III]. 

Based  on  exposure  control 
information  supplied  by  one  stabilizer 
company,  reduction  levels  of  60-80 
percent  appear  to  be  technologically 
feasible.  For  example,  company  results 
for  liquid  process  controls  reported  in 
Table  V1II-C28  showed  a  79.2  percent 
reduction  in  cadmium  (mean 
concentrations  fell  from  117.4  pg/m3  to 
24.4  pg/m3  after  controls  were 
introduced). 

Based  on  the  evidence  in  the  record, 
OSHA  believes  that  an  engineering 
control  reduction  level  of  60-80  percent 
is  reasonable  for  this  industry  segment 
and  is  economically  feasible.  The  cost  of 
engineering  controls  for  this  industry 
(discussed  below)  do  not  appear  to 
represent  a  significant  financial  burden. 
Therefore,  the  engineering  control 
reduction  target  of  60-80  percent  is 
judged  to  be  economically  feasible. 

Following  the  selection  of  this 
efficiency  factor,  the  appropriate 
engineering  control  level  for  each 


exposure  group  was  identified  at  the 
point  achievable  for  60-80  percent  of  the 
exposure  observations.  For  the  high 
processes  including  cadmium  oxide 
charging,  drying,  crushing  and  blending 
operations,  a  SECAL  of  50  pg/m3  is 
identified.  For  all  low  exposed 
processes,  OSHA  believes  that  the  PEL 
level  of  5  pg/m3  is  achievable  through 
engineering  controls. 

For  the  high  exposure  group, 
compliance  with  the  PEL  of  5  pg/m3 
with  engineering  controls  and  work 
practices  is  infeasible  at  this  time  and 
can  only  be  achieved  through  the  use  of 
respirators.  Respirators  are  readily 
available  with  a  wide  range  of 
protection  factors  that  can  adequately 
protect  workers  from  the  potential 
exposures  in  this  industry.  Respiratory 
protection  will  be  required  for  some 
production  and  maintenance  employees 
full-time. 

Costs  of  compliance  with  a  50  pg/m9 
SECAL  and  5  pg/m9  PEL.  Compliance 
with  the  revised  cadmium  rule  includes 
costs  for  additional  engineering  controls, 
increased  respirator  use,  more 
comprehensive  exposure  monitoring  and 
medical  surveillance  programs,  hygiene 
provisions,  informatiQn  and  training, 
and  recordkeeping  requirements. 
Estimated  compliance  costs  are 
measured  from  a  baseline  of  current 
practices  and  do  not  include  current  or 
past  expenditures. 

JACA  estimated  that  the  cost  of 
installing  new  or  improved  local  exhaust 
ventilation  systems  in  this  industry 
would  range  from  $51,000  to  $112,000. 
Annual  operating  and  maintenance 
costs  were  estimated  to  be  10  percent  of 
the  capital  cost.  [4,  Table  6-1].  JACA 
also  estimated  that  a  typical  dry  process 
plant  would  need  to  install  two  such 
systems  and  that  a  typical  wet  process 
plant  would  need  to  install  one  such 
system. 

New  ventilation  systems 
recommended  by  PAGE  for  this  industry 
are  estimated  to  cost  between  $20,000 
and  $60,000  each,  and  three  such 
systems  are  recommended  per  dry 
process  plant.  Improvements  in 
ventilation  systems,  costing  about 
$10,000  or  less,  would  be  needed,  on 
average,  at  three  additional  stations. 
Annual  costs  associated  with 
ventilation  systems  are  generally  about 
5  percent  of  the  capital  costs.  Drum 
dumping  stations  are  estimated  to  cost 
$90,000  each,  with  annual  expenses  for 
power,  heat,  maintenance,  and  labor  of 
less  than  10  percent  of  the  capital  cost. 
Four  such  stations  were  recommended 
for  dry  process  plants  and  one  was 
recommended  for  wet  process  plants. 
Enclosures,  hoods,  valves,  and  other 
recommended  emission  controls 


generally  cost  less  than  $5,000,  but  range 
up  to  $18,000  for  the  total  enclosure  of 
the  grinder  platform. 

Comments  received  from  one 
manufacturer  supported  the  cost  data 
used  in  OSHA’s  preliminary  analysis 
(although  the  effectiveness  of  the 
controls  in  achieving  levels  below  5  pg / 
m3  was  contested).  This  company  also 
stated  that  the  “costs  developed  in  the 
PACE  report  to  attain  cadmium  in  air 
levels  of  between  10  and  25  pg/m3  have 
been  reviewed  by  us  and  are  considered 
to  be  adequate  'ball  park’  numbers.”  (2, 
Appendix  I,  p.  10.]  The  company  noted 
that  the  “technologies  given  in  the  PACE 
report  *  *  *  are  more  sophisticated” 
than  those  implemented  by  the  company 
and  “yield  only  slightly  lower  estimated 
levels  than  we  have  attained  but  at  a 
significantly  larger  investment.”  Thus, 
with  the  controls  recommended  by 
PACE,  “we  are  in  the  realm  of 
diminishing  returns."  (2,  Appendix  I,  p. 
10.]  OSHA  agrees  with  this  assessment 
and  believes  that  some  expensive 
controls  recommended  by  PACE  may 
not  achieve  exposure  reductions 
sufficient  to  justify  their  implementation. 

In  practice,  each  plant  will  be  able  to 
choose  the  combination  of  controls 
deemed  necessary  for  compliance  which 
is  most  cost-effective  and  best  suited  for 
its  particular  circumstances.  However, 
in  order  to  estimate  the  cost  to  cadmium 
stabilizer  producers  of  installing 
additional  engineering  controls,  the 
number  of  such  controls  for  a  typical 
plant  was  estimated.  Controls  used  to 
estimate  costs  are  based  on  evidence  in 
the  record  indicating  their  effectiveness 
and  feasibility  for  this  industry. 

Table  VIII-C29  summarizes  the  costs 
of  engineering  controls  estimated  to  be 
incurred  by  cadmium  stabilizer 
producers.  Two  new  ventilation  systems 
at  $80,000  each  would  be  installed  in  dry 
process  plants,  and  one  would  be 
installed  in  wet  process  plants.  Some 
plants  may  spend  an  equivalent  sum  for 
new  or  improved  ventilation  systems  at 
several  exposure  sources,  as  described 
in  the  PACE  report.  PACE  identified 
additions  or  improvements  in  ventilation 
for  at  least  five  operations  with  a  total 
cost  of  less  than  $150,000  [3,  Table  A8- 
4].  In  addition,  existing  ventilation 
systems  in  this  industry  may  be 
amenable  to  design  improvements  that 
would  be  “relatively  minor  in  scope  but 
would  provide  a  significant 
improvement  in  dust  control”  (costing 
less  than  $1,500  and  reducing  emissions 
by  70  percent)  according  to  PACE  (3,  p. 
8-8  and  Table  A8-3]. 

Comments  received  from  one 
manufacturer  indicated  that  central 
vacuum  systems  were  recently  installed 
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and  in  use  at  both  the  dry  and  wet  recommended  a  system  costing  over  additional  controls)  with  a  unit  cost 

process  plants  operated  by  the  company  $30,000.  OSHA  estimates  that  on  comparable  to  that  estimated 

[2,  Appendix  I,  p.  7).  The  plant  visited  by  average  plants  would  install  one  central  previously. 

PACE  apparently  did  not  have  such  a  vacuum  system  (or  incur  equivalent 
system  in  place,  and  PACE  expenditures  for  housekeeping  or  other 


Table  VIII-C29.— Estimated  Costs  of  Engineering  Controls  for  Cadmium  in  the  Cadmium  Stabilizer  Industry 


Controls  per  plant 
by  type  of  plant 1 

Cost  per  control  (dollars  In 

Industry  costs  (dollars  in  thousands) 

Total 

mousanasj 

lized 

industry 

cost 

(dollars  in 
thou¬ 
sands) 

Type  of  control 

D 

B 

C 

Total 
industry 
controls  * 

Capital 

Annual 

power 

and 

mainte¬ 

nance 

Annual 

labor 

Capital 

Annua¬ 

lized 

capital 

Annual 

power 

and 

mainte¬ 

nance 

Annual 

labor 

3 

1 

2 

10 

80 

8 

m 

800 

130 

80 

0 

210 

1 

1 

1 

5 

15 

1 

75 

12 
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35 

52 

3 

3 

3 

15 

9 

0 

135 

22 

0 

0 

22 

s 

1 

4 

16 

90 

9 

m 

1,440 

1.000 

234 

144 

0 

378 

1 

1 

1 

5 

200 

0 

w 

163 

0 

0 

163 

Ki 

3,450 

561 

229 

35 

825 

_ [ _ i _ 

1  Type  A  plant  wet  and  dry  processes;  Type  B  plant  wet  process  only;  Type  C  plant:  dry  process  only. 
*  Based  on  two  type  A  plants,  two  type  B  plants,  and  one  type  C  plant 
Source:  Office  of  Regulatory  Analysis,  OSHA,  U  S.  Department  of  Labor. 


Improvements  in  enclosure  and 
containment  have  been  shown  to  be 
effective  and  feasible  methods  for 
reducing  exposures  from  several  sources 
in  this  industry  [3,  p.  8-4  through  8-14]. 
Most  improvements  cost  less  than 
$2,000;  total  enclosure  of  the  grinder 
platform  may  cost  over  $18,000  and  also 
require  the  use  of  a  closed  circuit 
monitoring  system  [3,  Table  A8-4]. 
OSHA  estimates  that  on  average  each 
plant  would  incur  costs  of  $27,000  for 
enclosures,  valves,  flanges,  and  similar 
improvements  to  reduce  exposures. 

About  half  of  the  total  compliance 
costs  estimated  by  PACE  for  this 
industry  involve  improvements  in 
material  handling  technology,  primarily 
with  automatic  drum  dumping  stations. 
Based  on  the  evidence  in  the  record. 
OSHA  concludes  that  the  adoption  of 
such  technology  would  generally  be 
feasible  for  this  industry  (although  not 
necessarily  in  every  establishment).  As 
outlined  by  PACE  [3,  p.  8-4  et  seq.J,  the 
stations  would  cost  $90,000  each.  At  the 
plant  level,  four  stations  would  be  used 
for  each  dry  process  and  one  station  for 
each  wet  process.  In  addition,  new 
drums  would  need  to  be  purchased  at  a 
cost  of  about  $200,000. 

Total  estimated  costs  for  engineering 
controls,  including  ventilation  and 
vacuum  systems,  enclosures,  and 
automated  material  handling 
technology,  would  involve  $3.45  million 
in  capital  costs  and  $264,000  annually 
for  power,  maintenance,  and  labor.  The 
corresponding  total  annualized  cost 
would  be  $825,000. 

Additional  costs  of  compliance  for 
this  industry  are  associated  with 


expanded  exposure  monitoring,  medical 
surveillance,  and  respirator  programs, 
and  with  hygiene  facilities  and  record 
keeping.  Current  efforts  involving 
information  and  training  programs 
should  be  sufficient  for  compliance  with 
the  revised  standard. 

Evidence  in  the  record  from  two 
cadmium  stabilizer  plants  (one  dry 
process  and  one  wet  process)  shows 
that  all  employees  exposed  to  cadmium 
are  currently  using  respiratory 
protection  to  supplement  engineering 
controls  [7,  Attachments  3  &  4].  OSHA 
also  recognizes  that  not  all  employees  in 
the  industry  are  likely  to  be  wearing 
respirators  for  all  exposures  of  5  pg/ms 
or  greater.  Most  employees  in  the 
industry  will  probably  need  respirators 
to  comply  with  a  PEL  of  5  p,g/m3,  and 
OSHA  estimates  that  an  additional  20 
percent  of  the  work  force  would  need  to 
be  supplied  with  respiratory  protection. 

In  the  preliminary  analysis  OSHA 
estimated  that  about  200  employees 
were  potentially  exposed  in  this 
industry.  One  commenter  pointed  out 
that  the  subsequent  reduction  in  the 
number  of  cadmium  stabilizer  suppliers 
from  six  to  four  “has  reduced  the 
number  of  exposed  employees"  [2, 
Attachment  I,  p.  2].  During  the  hearings 
it  was  suggested  by  one  manufacturer 
that  a  total  of  200  employees  for  the 
industry  “might  be  a  little  bit  low."  [8]. 
Considering  that  employees  producing 
cadmium  stabilizers  also  produce  non¬ 
cadmium  products,  200  employees 
seems  to  provide  a  reasonable  estimate 
of  the  number  of  exposed  workers. 
Using  a  cost  of  $300  per  employee  per 
year  (9,  Attachment  III,  p.  1],  the  total 


annual  cost  of  additional  respiratory 
protection  is  estimated  to  be  $12,000. 

Exposure  monitoring  is  required  by 
the  revised  standard  for  every  job 
category  and  every  shift  semi-annually. 
Data  submitted  to  the  record  suggests 
that  some  monitoring  is  currently  being 
performed  and  that  additional 
monitoring  would  likely  be  necessary  [7, 
Attachments  3  &  4].  OSHA  estimates 
that  on  average  each  plant  would  have 
to  monitor  four  job  categories  (including 
maintenance  workers  and  supervisors) 
across  three  shifts  [10]  and  that  current 
monitoring  accounts  for  about  20 
percent  of  that  required. 

The  costs  of  monitoring  are  estimated 
to  be  $40  per  sample  taken  and  $1,500 
annually  per  plant  for  the  services  of  an 
industrial  hygienist  or  other  competent 
person.  The  total  cost  of  the  additional 
monitoring  required  by  the  standard  is 
thus  estimated  to  be  $11,340 
[$40*4*3*2*5*0.8 -|-5*$1500]. 

Evidence  submitted  to  the  record  by 
the  cadmium  stabilizer  industry 
consistently  shows  that  employees  are 
currently  receiving  medical  exams  and 
biological  testing  [2,  p.  2;  7,  Attachments 
1  &  2;  12].  This  evidence  also  indicates 
that  biological  testing  would  have  to  be 
performed  more  frequently  to  comply 
with  the  provisions  of  the  revised 
standard. 

OSHA  estimates  that  an  additional 
ICO  samples  each  for  cadmium  in  blood, 
cadmium  in  urine,  and  /^-microglobulin 
in  urine  would  need  to  be  taken 
annually  to  meet  the  basic  requirements 
for  biological  monitoring.  Another  40 
sets  of  these  samples  may  be  necessary 
to  meet  requirements  for  more  frequent 
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testing  of  some  employees.  The  lab 
analyses  would  cost  $60,  $60,  and  $80 
per  sample,  respectively,  and  the 
estimated  cost  of  collection  is  $5  per 
sample.  The  total  additional  annual  cost 
of  biological  monitoring  for  the  industry 
is  estimated  to  be  $30,100. 

Requirements  for  medical  removal 
may  involve  compliance  costs  in 
addition  to  those  for  more  frequent 
medical  exams  and  monitoring 
estimated  above.  The  criteria  for 
mandatory  removal  would  affect 
employees  with  the  most  extreme 
biological  monitoring  levels.  The  criteria 
for  removal  also  allow  for  considerable 
physician's  discretion.  An  estimated  3 
percent  of  the  exposed  workforce  of  200 
employees  may  be  removed  initially  on 
the  basis  of  these  criteria  and  the 
discretion  of  physicians. 

Compliance  with  the  new  PEL  for 
cadmium  and  other  requirements  of  the 
final  cadmium  standard  should  prevent 
a  continuing  need  to  remove  employees. 
The  number  of  employees  with 
relatively  high  past  exposures  who 
would  be  more  likely  to  be  removed 
should  also  decline  through  attrition. 
However,  as  the  criteria  for  removal 
become  broader  in  future  years  (lower 
levels  of  cadmium  in  blood  and  urine 
triggering  mandatory  removal), 
additional  employees  may  be  subject  to 
removal.  The  costs  associated  with  the 
medical  removal  provisions  are 
estimated  based  on  3  percent  of  the 
exposed  workforce  being  removed  every 
5  years. 

The  number  of  employees  removed 
should  be  small  enough  to  enable 
establishments  to  provide  removed 
employees  with  alternative  positions. 
Costs  to  the  employer  would  include 
paying  possible  wage  differentials  and 
hiring  and  training  employees  in  new 
positions.  The  average  cost  per  removed 
employee  would  be  an  estimated  $5,000. 
An  estimated  6  employees  may  be 
removed  every  five  years  on  average  in 
the  cadmium  stabilizer  industry,  and  the 
average  annual  cost  for  the  industry 
would  be  $6,000. 

The  total  annual  cost  for  the  medical 
surveillance  and  medical  removed 
provisions  is  estimated  at  $36,100. 

Achieving  compliance  with  the 
hygiene  provisions  of  this  standard  may 
involve  some  additional  costs  for  this 
industry.  OSHA’s  preliminary 
conclusions  regarding  compliance  with 
the  proposed  hygiene  provisions  were 
generally  not  challenged  by  industry. 
OSHA  estimated  that  work  clothing  and 
appropriate  shower  and  lunch  facilities 
were  already  provided  and  that  half  of 
the  affected  workers  currently  do  not 
shower  after  each  shift.  Under  these 
assumptions,  the  cost  of  providing 


showers  would  be  about  $225  per 
employee  per  year  (assuming  employees 
are  typically  exposed  for  one  week  per 
month),  or  $22,500  annually  for  the 
industry. 

PACE  assigned  over  $16,000  in  annual 
compliance  costs  for  providing  workers 
with  daily  changes  of  clean  work 
clothes  [3,  p.  8-14],  but  did  not  add  any 
costs  for  showering  or  for  lunch  rooms. 

A  commenter  from  another  industry 
stated  that  disposable  work  clothing 
could  be  provided  for  an  annual  cost  of 
$104  per  employee  [9,  Attachment  III,  p. 
1]. 

OSHA  concludes  that  the  hygiene 
provisions  are  generally  complied  with 
in  this  industry  but  may  not  be 
consistently  applied  in  all  plants.  On 
average  each  plant  may  incur  an 
incremental  cost  of  $10,000  to  achieve 
full  compliance  with  the  revised 
standard.  The  total  estimated  annual 
cost  for  the  industry  would  be  $50,000. 

Incremental  recordkeeping  costs 
imposed  by  the  revised  standard  are 
estimated  to  be  about  $5  per  employee 
annually.  The  estimated  annual  cost  for 
the  industry  is  $1,000. 

Compliance  costs  for  the  stabilizer 
industry  are  summarized  in  Table  VIII- 
C30.  The  total  annualized  cost  of 
compliance  is  estimated  to  be  $935,000. 

Economic  feasibility  of  a  50  jig/m1 
SECAL  and  5  fig/m3  PEL  The 
compliance  costs  estimated  above  are 
considered  economically  feasible  for  the 
cadmium  stabilizer  industry.  Most  of  the 
costs  should  be  able  to  be  passed  on  to 
customers  through  slight  price  increases. 
Cadmium  stabilizers  are  essential  or 
preferred  over  other  types  of  stabilizers 
in  several  applications;  the  lack  of 
adequate  substitutes  with  the  qualities 
of  cadmium  stabilizers  should  ensure  a 
continued  demand  for  this  product. 

Plants  producing  cadmium  stabilizers 
generally  produce  other  products  as 
well,  including  potential  substitutes,  and 
cadmium  stabilizers  may  represent  a 
small  fraction  of  a  manufacturer's 
revenues.  For  three  of  the  four  U.S. 
manufacturers  “cadmium-based 
stabilizers  represent  a  very  small 
percentage  of  total  revenues.”  [1,  p.  4-6). 
The  remaining  company  "derives  35 
percent  of  its  revenues  from  sales  of 
cadmium-based  stabilizer  products.”  (1, 
p.  4-6).  Although  increased  production 
costs  resulting  from  compliance  with  the 
revised  cadmium  standard  are  not 
expected  to  be  subsidized  by  unrelated 
operations  within  a  corporation,  most 
firms  do  have  the  ability  to  absorb  the 
compliance  costs  as  part  of  operating 
costs  for  producing  “revenues  that 
amount  to  hundreds  of  millions  of 
dollars  annually.”  [1,  p.  2-19). 


Table  VIII-C30.— Estimated  Costs  of 
Compliance  With  the  Revised  Cad¬ 
mium  Standard  for  the  Caomium 
Stabilizer  Industry 


Provision 

Annualized 

cost 

({thousands) 

Exposure  control . . . ....' 

826.0 

12.0 

Exposure  monitoring . 

11.3 

36.1 

50.0 

Recordkeeping  and  information _ 

1.0 

Total . . . . 

835.4 

Note:  Costs  do  not  include  current  expenditures. 
Source:  Office  of  Regulatory  Analysis,  OSHA.  U.S. 
Department  of  Labor. 


An  increase  in  the  cost  of  producing 
cadmium  stabilizers  can  also  be 
compared  to  total  revenues  and  profits 
derived  from  product  lines 
manufactured  with  or  closely  related  to 
cadmium  stabilizers.  The  ability  to  offer 
a  complete  array  of  products  attracts 
customers  who  prefer  to  deal  with  one 
supplier  for  all  their  needs. 
Manufacturers  tend  to  assess  the 
viability  of  producing  a  group  of 
products  together  and  would  treat  the 
compliance  cost  as  an  increase  in 
operating  costs  for  the  whole  group, 
especially  when  multiple  products  are 
made  at  the  same  plant. 

Revenues  from  cadmium  stabilizers 
alone  are  about  $23  million  for  one 
company  [1.  p.  2-19).  All  four  U.S.  firms 
have  a  similar  scale  of  production  [1,  p. 
4-6],  and  total  industry  revenues  from 
cadmium  stabilizers  are  estimated  to  be 
$92  million.  Cadmium  stabilizers 
represent  about  36  percent  of  the 
stabilizer  market  [4,  p.  2-54),  which  is 
estimated  to  be  worth  about  $256  million 
annually. 

Profits  before  taxes  are  estimated  to 
be  about  9  percent,  consistent  with  the 
estimate  used  for  the  preliminary 
analysis.  No  comments  were  received 
disputing  this  figure,  and  no  other 
profitability  data  for  this  industry  were 
submitted  to  the  record.  Before-tax 
profits  for  the  production  of  stabilizers 
are  an  estimated  $23  million,  of  which 
$8.3  million  are  attributable  to  the 
production  of  cadmium  stabilizers. 

The  estimated  compliance  costs 
represent  less  than  0.4  percent  of 
stabilizer  revenues  (or  about  1  percent 
of  cadmium  stabilizer  revenues).  The 
costs  also  represent  about  4  percent  of 
before-tax  stabilizer  profits  (or  about  11 
percent  of  before-tax  cadmium  stabilizer 
profits).  Actual  effects  on  profits  should 
be  less  than  this  depending  upon  the 
elasticity  of  demand  for  the  industry’s 
product. 
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The  “dominant,  almost  exclusive 
market”  for  cadmium  stabilizers  is  for 
the  production  of  flexible  PVC  [13],  and 
the  stabilizers  constitute  between  0.5 
and  2.5  percent  of  the  final  PVC 
compound  [1,  p.  2-18].  Because  cadmium 
stabilizers  make  up  a  small  fraction  of 
PVC  compounds,  a  small  increase  in 
cadmium  stabilizer  prices  would  have  a 
minimal  effect  on  the  cost  of 
manufacturing  PVC  products.  This 
would  tend  to  make  the  demand  for 
cadmium  stabilizers  less  elastic, 
improving  the  ability  of  stabilizer 
producers  to  recover  compliance  costs 
by  increasing  prices. 

Imports  currently  constitute  an 
“insignificant  fraction"  of  total  domestic 
supply,  and  distribution  channels  are 
“quite  important”  because  the  shelf  life 
of  cadmium  stabilizers  is  limited.  [1,  p. 
2-19].  This  factor  also  contributes  to  an 
inelastic  demand  for  cadmium 
stabilizers. 

“At  present  no  good  substitutes  exist" 
for  most  cadmium  stabilizer 
applications,  and  “cadmium  usage  is 
expected  to  remain  at  current  levels."  [1, 
p.  2-18].  The  lack  of  adequate 
substitutes  provides  strong  evidence  for 
the  inelasticity  of  demand  for  these 
products. 

OSHA  concludes  that  manufacturers 
of  cadmium  stabilizers  will  be  able  to 
raise  prices  sufficiently  to  recoup 
compliance  costs  without  major 
reductions  in  profits  or  sales  volumes. 
The^regulation  does  not  threaten  the 
financial  viability  or  the  competitive 
stability  of  the  industry.  Cost  impacts 
from  this  regulation  are  not  expected  to 
result  in  any  plant  closures  or  produce 
any  significant  dislocation. 

A  study  was  conducted  by  an  industry 
trade  association  on  the  economic 
impacts  for  this  industry  of  compliance 
costs  representing  as  much  as  2  percent 
of  revenues  from  stabilizer  operations 
[1.  p.  9, 10].  The  study  found  that  with 
“the  lack  of  close  substitutes,  the  lack  of 
cost  differentials  among  existing 
producers,  and  the  relatively  small  share 
of  these  stabilizers  in  the  cost  of  PVC 
resins,  stabilizer  producers  should  be 
able  to  pass  costs  through  to  PVC 
plastic  manufacturers."  [1.  p.  4-6].  A 
cadmium  stabilizer  producer  reported 
that  they  had  reviewed  this  study  and 
concurred  with  the  findings  [2, 

Appendix  I,  p.  10]. 

The  cost  increase  due  to  this 
regulation  would  have  a  negligible  effect 
on  major  investment  decisions  (such  as 
relocating  manufacturing  operations), 
which  are  influenced  by  more  significant 
factors  of  production  cost. 
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Lead  Smelting  and  Refining 

Industry  Overview.  Lead  ore  is 
recovered  from  underground  and  open 
pit  mines  around  the  world.  The  United 
States  is  one  of  the  largest  producers 
and  consumers  of  the  soft,  heavy  metal 
which  has  many  important  industrial 
uses.  Lead  ores  are  crushed  and  milled 
into  lead  concentrates  before  being  sent 
to  smelting  operations. 

Four  lead  smelters  and/or  refiners  are 
currently  operating  in  the  United  States. 
Two  plants  are  both  smelters  and 
refiners,  one  plant  is  a  smelter  only,  and 
one  plant  is  a  refiner  only  [1,  p.  2-26  and 
2,  p.  3].  Two  additional  lead  smelters 
were  formerly  active  but  have 
suspended  operations.  About  400 
employees  working  in  this  industry 
sector  are  exposed  to  cadmium. 

Production  processes.  Lead 
concentrates  and  other  materials  are 
received  and  transported  with  rail  cars 
and  cranes  to  provide  the  inputs 
necessary  for  producing  lead.  Multiple 
conveyors  and  storage  bins  are  also 
used  for  materials  handling  throughout 
the  plant.  A  preliminary  step  in  the 
production  process  involves  mixing  and 
crushing  raw  materials  in  preparation 
for  sintering.  The  sintering  operation 
converts  lead  sulfides  to  agglomerated 
lead  oxides.  As  the  mixture  is  processed 


by  the  sintering  machine,  gases  are 
produced  which  are  used  to  make  acids 
in  another  operation. 

The  sintered  material  is  transferred  to 
the  blast  furnace  which  is  charged  with 
coke,  fluxes,  and  other  materials.  The 
blast  furnace  reduces  the  lead  oxides  to 
form  lead  bullion,  which  is  further 
processed  in  the  dross  furnace  to 
remove  copper  and  other  elements.  The 
lead  bullion  produced  by  the  dross 
furnace  becomes  the  raw  material  for 
the  lead  refining  process. 

Lead  refining  involves  several  steps  in 
which  the  lead  bullion  is  processed 
through  refining  kettles  to  separate  out 
other  metals  and  remove  any  remaining 
impurities.  Copper,  silver,  and  zinc  are 
removed  and  may  be  refined  further  in 
separate  operations.  The  end  product  of 
the  lead  refining  process  is  virtually 
pure  lead  which  can  be  fed  into  a  strip 
rolling  mill  or  a  straight  line  casting 
machine,  depending  on  the  type  of 
product  desired.  The  lead  may  also  be 
combined  with  alloy  materials  before 
casting. 

Employee  exposures.  Exposures  to 
cadmium  arise  in  the  lead  smelting  and 
refining  process  because  the  lead 
concentrates  received  by  plants  contain 
small  amounts  of  cadmium  which  exist 
naturally  in  the  environment.  Loose 
materials  are  transferred  in  large 
quantities  and  intense  heat  and  rapid 
gas  flows  are  used  in  the  production 
process;  emissions  of  lead  and  cadmium 
result  in  exposures  in  the  work 
environment 

Employees  may  be  exposed  to 
cadmium  in  several  job  categories  and 
operations.  Material  handlers  are 
exposed  to  dusts  generated  by 
unloading  railroad  cars,  operating 
cranes  and  conveyor  systems,  or  loading 
and  retrieving  materials  in  stockpiles. 
Employees  in  the  sinter  plant  are 
exposed  to  dusts  generated  by  mixing 
and  transferring  materials.  Employees  in 
the  furnace  areas  are  exposed  to 
emissions  from  conveyors,  charging 
operations,  tuyere  punching  (enabling 
air  to  enter  a  blast  furnace  to  facilitate 
combustion),  and  filling  ten  ton  pots 
with  molten  lead  bullion.  Fumes 
generated  during  refining  and  casting 
operations  may  also  contain  cadmium. 
Maintenance  employees  are  exposed  to 
dust  and  fume  that  may  contain 
cadmium  while  working  on  equipment 
throughout  the  plant  and  on  dust  control 
systems  including  baghouse  operations. 

The  exposure  profile  developed  by 
JACA  Corporation  to  represent  a  typical 
lead  smelting  and  refining  plant  is 
presented  in  Table  VII1-C31  (1,  page  3- 
27].  Mean  cadmium  exposures  for  six  of 
the  seven  job  categories  are  less  than  7 
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pg/m3;  all  job  categories  have  mean  IV-6].  These  data  are  shown  in  Table 
exposures  less  than  14  pg/m3.  V1II-C35.  Thirty  of  the  47  job  categorii 

Exposure  monitoring  data  were  have  current  mean  exposures  less  tha 

submitted  for  three  lead  smelting  and/or  20  pg/m3,  and  37  have  exposures  less 
refining  plants  by  one  company  [2, 

Attachment  I].  Data  for  a  lead  smelter 
are  summarized  in  Table  VII1-C32;  data 
for  a  lead  smelter  and  refiner  are 
summarized  in  Table  V1U-C33;  and  data 
for  a  lead  refiner  are  summarized  in 
Table  VIII-C34.  At  each  of  these  plants 
mean  exposures  for  most  workers  are 
less  5  pg/m3,  and  almost  all  exposures 
are  less  than  20  pg/m3. 

A  study  conducted  for  the  Cadmium 
Council  included  an  exposure  profile  for 
workers  at  a  large  lead  smelting  and 
refining  facility  [3,  Tables  IV-1  through 


Concentration  in  pg/m 


Table  VIII-C31.— Cadmium  Exposure 
Data  for  Lead  Smelting  and  Refin¬ 
ing  Based  on  JACA 


Source:  Exhibit  13,  JACA,  Table  3-9. 


Table  VIII-C32.— Cadmium  Exposure  Data  for  Lead  Smelter  Based  on  Company  Data 


Number  of  samples 


Job  category 


Geometric 

mean 


20-50 


Instrument  Man _ 

Change  House  Arid 
T  ransport/  Unloading: 
Foreman _ _ 


Moisture  sampler. 


Pipefitter.. 

Carpenter 


Tool  room  man. 
Insulator . 


Blast  Furnace  Department 
Foreman _ 


Loco  engineer. 


Feed  floor  hotstmaa 


Front  end  loader 

Slag  dumper _ 

Slag  Hauler.. . 

Sinter  Plant: 

Foreman . 


Crane  man 
Operator.... 


Machineman 


Feederman. 


Dross  Reverb  Department 

Fumaceman . 

Furnace  helper . 


Concentration  in  ^g/m3 

Job  category 

Geometric 

mean 

Median 

Range 

Furnace 
operator . 

4.5 

5.8 

0.1-223.0 

Material 
handler . 

3.4 

3.5 

0.1-360.0 

Job  category 

Geometric 

mean 

Median 

Range 

Maintenance 
technician ... 

6.6 

4.2 

0.1-92.0 

Supervisor . 

9.1 

2.4 

0.1-39.0 

Sinter 
machine 
operator . 

13.1 

9.0 

0.8-174  0 

Mixing  room 
operator . 

6.2 

4.6 

0.1-453.0 

Refinery 
operator . 

0.6 

0.7 

0.1-5.0 
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Table  VHI-C32.— Cadmium  Exposure  Data  for  Lead  Smelter  Based  on  Company  Data— Continued 


Concentration  in  pg/m* 


Number  of  samples 


Source:  Exhibit  19-32,  Attachment  I. 

Table  VIII-C33.— Cadmium  Exposure  Data  for  Lead  Smelter  and  Refiner  Based  on  Company  Data 


Geometric 

mean 


Concentration  In  ^9/ m* 


Number  of  samples 


!  <1 

1-5 

5-20 

20-50 
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Table  VIH-C33.— Cadmium  Exposure  Data  for  Lead  Smelter  and  Refiner  Based  on  Company  Data— Continued 


Geometric 

mean 


Molding  Crew. 

Supervisor..... _ 

Molding  Crew... . ..., 

Mechanical/Maintenance 


Source:  Exhibit  19-32,  Attachment  L 


Concentration  In  >*g/m* 


Number  ot  samples 


Table  VHI-C34.— Cadmium  Exposure  Data  for  Lead  Refiner  Based  on  Company  Data 


Concentration  in  >ig/ms 


Number  of  samples 
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Table  VIII-C35.— Profile  of  Occupa¬ 
tional  Exposures  to  Cadmium  in  the 
Lead  Smelting/Refining  Industry 
Based  on  PHB  Study 


Job  category 

Geomet¬ 
ric  mean 
expo¬ 
sures 
Oig/nrO 

Material  Handling: 

2 

5 

27 

Crane  engineer . 

1 

1 

Unloader  1 . . . . . 

59 

Unloader  2 . . . 

52 

Unioader  helper . 

29 

Service  foreman . 

3 

19 

Unioader  3 . _ . 

26 

1 

Sinter  Plant 

Control  room  man . 

17 

ISO 

SP  helper . 

240 

Mix  room  man . . . 

420 

Mix  room  helper . 

116 

South  end  man . 

135 

Foreman. . . 

40 

General  foreman . 

1 

Oiler . . . 

25 

Feed  floor  operator . 

100 

Blast  Furnace: 

Trestle  man . 

14 

Feed  floor  man . . . 

12 

Furnace  helper . 

26 

Head  furnace  operator . 

10 

Furnace  operator . 

14 

Operator  helper . 

19 

Utility  man . 

6 

Crane  operator . 

6 

Foreman..- . 

5 

Genera!  foreman . 

2 

Dross  Plant 

Crane  operator . 

4 

DP  operator . 

20 

DP  operator  helper . 

17 

Refinery: 

Fireman . 

i 

Fireman  helper . 

2 

Refinery  helper . 

) 

Foreman . .  . 

1 

General  foreman . 

1 

Retort  operator . - . 

3 

Caster . .  .  . 

1 

Lead  loader  operator . „ . 

1 

Weigher . 

Foreman . 

1 

Baghouse  Area: 

Baghouse  operator . 

41 

Foreman . 

12 

Soiree:  Exhibit  19-43,  Attachment  J.  Putnam. 
Hayes  &  Bartlett,  Inc.,  Tables  IV-1  through  IV-6. 


Exposures  to  cadmium  in  the  lead 
smelting  and  refining  industry  were  also 
evaluated  by  the  Bureau  of  Mines  of  the 
United  States  Department  of  the  Interior 
(4.  p.  7],  These  data  indicate  that  for 


over  80  percent  of  the  workforce  mean 
exposure  levels  are  less  than  25  p-g/m3. 

Existing  and  feasible  additional 
controls.  JACA  concluded  in  their  study 
that  due  to  the  requirements  of  the 
OSHA  lead  standard,  the  lead  smelting 
industry  is  already  employing 
engineering  controls  to  the  extent 
feasible  to  control  lead  and  cadmium 
exposures  [1,  p.  4-6].  A  company 
operating  two  lead  smelters  confirmed 
that  assessment.  [2,  Attachment  G,  p.  3]. 
The  company  also  emphasized  that  the 
controls  do  not  necessarily  achieve  the 
PEL  for  lead  or  the  proposed  PEL  for 
cadmium  and  that  the  potential  impacts 
of  other  provisions  in  the  proposed 
cadmium  standard  should  not  be 
dismissed.  In  response  to  OSHA’s 
request  in  the  preamble  for  information 
on  the  extent  of  existing  engineering 
controls,  this  company  stated  that  with 
regard  to  lead  plants,  “all  feasible 
engineering  controls  and  housekeeping 
methods  are  utilized  for  control  of 
exposure  to  arsenic  and  lead.”  [2,  p.  4]. 
Exposures  to  cadmium  in  this  industry 
occur  concomitantly  with  exposures  to 
lead  and/or  arsenic. 

The  study  by  Putnam,  Hayes  & 
Bartlett  (PHB)  described  exposure 
sources  and  possibilities  for  additional 
controls  for  a  large  lead  smelter  and 
refiner  [3,  Chapter  III].  However,  some 
suggested  controls  are  not  adequately 
specified,  hindering  an  evaluation  of 
their  feasibility,  and  PHB  does  not 
provide  any  cost  estimates  for  the 
controls. 

PHB  found  that  improvements  in  the 
railroad  yard  could  reduce  exposures 
during  unloading  by  over  80  percent.  In 
the  sinter  plant  improvements  in 
enclosure  and  ventilation  were 
projected  to  reduce  exposures  by  50  to 
75  percent  According  to  PHB,  new  and 
improved  ventilation,  enclosure,  and 
automation  in  the  blast  furnace  area 
could  reduce  average  exposures  by 
about  50  percent.  Improvements  in  the 
dross  plant  could  achieve  minor 
reductions  in  exposures,  and  exposures 
in  refining  operations  generally  cannot 
be  reduced  significantly.  Exposures 
during  baghouse  operations  were 
expected  to  remain  near  current  levels. 

It  should  be  noted  that  the  PHB 
submission  was  based  on  a  site  visit  to 
one  plant  at  which  employee  exposure 
readings  were  considerably  higher  than 
those  reported  at  other  plants.  The  high 
reduction  factors  noted  in  the  PHB 


submission  (50  to  80  percent)  may  be 
achievable  for  one  plant  but  not  for 
other  plants  in  this  sector. 

Technological  feasible  limit  for  a 
SECAL.  Following  the  procedure 
outlined  in  section  B  above,  OSHA 
separated  exposures  into  high  and  low 
occupation/ process  exposure  groups  to 
facilitate  the  technological  feasibility 
analysis.  Data  were  divided  at  a 
breakpoint  which  maximized  the 
difference  between  the  mean  values  for 
the  two  separated  data  sets. 

The  data  segregation  resulted  in  the 
identification  of  a  “high”  occupation/ 
process  exposure  group  which  included 
sinter  plant,  blast  furnace  and  yard  area 
operations  involving  60  workers.  All 
other  plant  operations  including  zinc 
fuming,  dross  furnace,  acid  plant  lead 
refining,  etc.,  were  included  in  the  “low" 
exposure  group  involving  about  340 
employees.  Figure  VIU-C22  graphically 
represents  the  segregated  data.  The 
vertical  line  within  each  box  depicts  the 
median  value  for  the  distribution. 

Mean  exposure  data  for  the  two  sets 
were  a9  follows: 


High 

group 

Low 

group 

i  21 

21 

43 

3.6 

27 

3.2 

To  verify  that  the  two  groups  within 
this  industry  were  distinct  a  t  test  was 
performed  on  the  difference  in  the 
means.  The  null  hypothesis  that  the 
means  of  the  exposure  data  were  equal 
was  rejected,  and  the  conclusion  that 
they  were  drawn  from  separate 
statistical  distributions,  was  accepted. 

After  the  statistical  difference 
between  high  and  low  exposure  groups 
was  verified,  the  data  were  analyzed 
separately.  In  Figures  VUI-C23  and  VIII— 
C24  process  mean  exposure  values 
drawn  from  each  available  data  source 
are  presented.  All  process  data  were 
“fitted"  to  a  straight  line  using  ordinary 
least  squares  methodology. 

For  each  group  a  model  was 
developed  to  graphically  depict  the 
effect  on  the  exposure  distribution  after 
current  exposures  were  reduced  using 
alternative  engineering  control 
efficiency  factors  from  80  down  to  20 
percent,  in  20  percent  increments. 
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FIGURE  VIII-C24 

LEAD  (LOW  EXP):  CURRENT 
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The  lower  the  projected  efficiency  the 
smaller  the  exposure  change  from 
current  levels.  Figures  VIII-C25  and 
VIII-C26  show  the  effect  of  such 
reductions  and  the  shift  in  the 
distribution  of  exposures  for  the  high 
and  low  groups  in  lead  smelting 
operations. 

It  is  very  unlikely  that  requirements 
for  additional  engineering  controls  will 
have  very  much  success  in  further 
reducing  cadmium  exposure  levels, 
since  most  sites  are  already  required  to 
introduce  engineering  controls  to  the 
extent  feasible  in  order  to  reduce  lead 
and  arsenic  exposures.  {OSHA 


enforcement  experience  suggests  that 
some  plants  may  not  be  in  full 
compliance  with  existing  standards.) 
Improved  housekeeping  and  work 
practices  could  further  reduce  exposures 
8t  some  of  these  plants. 

Most  exposure  monitoring  data 
indicated  that  exposures  are  generally 
at  or  below  5  pg/m3  for  employees  in 
low  exposure  occupations.  Data  from 
PHB  differ  from  the  other  sources  and 
indicate  higher  exposures  for  some 
categories.  The  PHB  data  indicate  that 
about  20  percent  of  all  job  categories 
have  mean  exposures  above  30  pg/m3. 
However,  PHB  acknowledged  that 


exposures  can  be  reduced  for  most 
workers. 

In  order  to  combine  the  different 
reduction  expectations  between  the  PHB 
submission  and  all  other  industry  data, 
the  80  percent  reduction  level  projected 
for  the  one  PHB  site  was  averaged  with 
a  zero  reduction  expectation  for  the 
remaining  three  plants  making  up  this 
industry  subsector.  The  resulting  20 
percent  reduction  is  acknowledged  to  be 
concentrated  within  only  one  plant  in 
this  subsector 
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FIGURE  VIII-C26 

LEAD  (LOW  EXP.):  CONTROLLED  80%-20% 
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Based  on  the  evidence  in  the  record, 
OSHA  concludes  that  a  50  fig/m* 

SECAL  for  60  employees  in  high 
exposed  occupations/processes  is 
technologically  feasible  and  the  PEL  of  5 
jj.g/m3  is  feasible  for  all  other  employees 
(340)  in  this  industry.  Selection  of  these 
levels  was  based  on  a  20  percent 
expected  exposure  reduction  resulting 
from  improved  conditions  within  one 
affected  plant.  There  were  no  economic 
feasibility  concerns  at  this  efficiency 
level. 

Costs  of  compliance  with  a  50  pg/m? 
SECAL  and  5  pg/m3  PEL.  The  evidence 
and  comments  in  the  record  generally 
confirm  OSHA’s  preliminary  finding  that 
lead  smelters  and  refiners  have  already 
installed  feasible  controls  to  reduce 
cadmium  exposures  [1,  2,  3,  4].  Current 
exposure  monitoring  data  demonstrate 
the  feasibility  of  compliance  with  the 
revised  standard  for  low  exposure 
processes.  On  the  basis  of  these  data, 
OSHA  believes  that  additional 
engineering  controls  will  be  installed  in 
one  plant  in  this  industry  to  achieve 
compliance  with  the  revised  cadmium 
standard. 

The  engineering  controls  necessary  to 
comply  with  a  SECAL  of  50  pg/ms 
would  be  less  extensive  than  those 
listed  in  the  PHB  report,  which  was 
based  on  an  attempt  to  meet  a  PEL  of  5 
p.g/m3in  all  operations.  Furthermore, 
some  additional  controls  recommended 
by  PHB  may  be  required  by  existing 
OSHA  standards,  and  thus  the  costs  for 
these  controls  should  not  be  attributable 
to  this  cadmium  rulemaking. 

According  to  the  PHB  data,  current 
exposures  in  most  of  the  job 
classifications  in  the  high  exposure 
areas  are  already  below  the  SECAL,  and 
current  exposures  in  most  low  exposure 
job  classifications  are  below  the  PEL. 
Engineering  controls  identified  by  PHB 
primarily  involved  enclosures  and 
ventilation  systems.  Since  PHB  did  not 
provide  cost  estimates,  OSHA  used 
standard  unit  cost  figures  for  such 
systems  from  industries  with  similar 
operations  (such  as  zinc  refining  and 
cadmium  refining).  A  typical  ventilation 
system  would  cost  an  estimated  $80,000 
in  capital  costs  and  $8,000  in  annual 
costs,  and  enclosure  of  an  operation 
would  cost  about  $9,000  on  average. 

The  costs  of  compliance  with  the  final 
cadmium  standard  for  engineering 
controls  were  approximated  by 
calculating  the  cost  of  installing  an 
additional  enclosure  and  ventilation 
system  (or  other  controls  with 
equivalent  cost)  in  each  of  the  five 
production  areas  identified  (material 
handling,  sinter  plant,  blast  furnace, 
dross  plant,  and  refinery).  The  estimated 
capital  cost  would  be  $445,000,  the 


annual  cost  would  be  $40,000,  and  the 
total  annualized  cost  would  be  an 
estimated  $112,000. 

Employees  in  lead  smelters  and 
refiners  use  respiratory  protection  for 
lead  and  arsenic  exposure,  and 
cadmium  exposure  sources  generally 
coincide  with  lead  and  arsenic  exposure 
sources.  Evidence  from  the  industry 
confirmed  that  employees  in  lead  plants 
are  provided  with  respirators  [2,  p.  9], 
and  the  record  does  not  demonstrate  the 
existence  of  any  sources  of  cadmium 
exposure  independent  of  lead  or  arsenic 
exposure  sources.  Most  employees 
exposed  above  the  revised  PEL  for 
cadmium  should  already  be  using 
respiratory  protection. 

Based  on  a  visit  to  a  lead  smelter  and 
refiner  and  on  other  research  in  the 
industry,  JACA  concluded  that  all 
employees  with  significant  exposure  to 
cadmium  in  this  industry  were  provided 
with  respiratory  protection  [1,  p.  6-17). 
Comments  from  one  company 
representing  three  lead  Bmelters/ 
refiners  indicated  that  the  revised  PEL 
for  cadmium  would  affect  a  total  of  285 
employees  at  these  plants  [2,  p.  3); 
however,  the  extent  of  current  respirator 
usage  among  these  employees  was  not 
specifically  addressed. 

OSHA  recognizes  that  situations  may 
arise  for  which  compliance  with  the 
revised  cadmium  standard  may  involve 
costs  that  would  not  be  required  by 
standards  for  lead  and  arsenic.  OSHA 
estimates  that  200  employees  in  the 
industry  would  need  to  be  provided  with 
additional  respiratory  protection 
(assuming  that  about  half  of  all  affected 
employees  are  already  protected).  At  a 
cost  of  $300  per  employee  per  year  the 
total  estimated  annual  cost  for  the 
industry  would  be  $60,000. 

JACA  concluded  on  the  basis  of  site 
visit  data  and  survey  responses  that 
exposure  monitoring  for  cadmium  was 
conducted  in  lead  smelters  every  six 
months  on  average.  Comments  from  the 
industry  regarding  three  lead  facilities 
indicated  that  exposure  monitoring  for 
cadmium  was  conducted  quarterly  for 
each  job  category  and  each  shift 
affected  by  the  lead  and  arsenic 
standards  [2,  p.  3).  Another  section  of 
these  comments  refers  to  “additional 
employees"  affected  by  a  revised 
cadmium  PEL,  but  the  table  cited  shows 
the  number  of  employees  potentially 
exposed  to  cadmium,  including  those 
exposed  to  arsenic  and  lead  [2,  p.  9). 

Monitoring  data  submitted  by  the 
industry  suggest  that  the  exposure 
monitoring  for  cadmium  already  being 
done  in  some  plants  covers  all  job 
categories  with  potential  cadmium 
exposure  [2,  attachment  I).  However,  it 
seems  likely  that  some  additional 


monitoring  may  be  necessary  for  the 
industry  to  achieve  full  compliance  with 
the  revised  cadmium  standard. 

The  extent  of  monitoring  required  by 
the  standard  depends  in  part  on  the 
number  of  job  categories  that  are 
identified.  JACA  grouped  workers  into 
seven  job  categories;  PHB  distributed 
workers  into  over  45  classifications. 
OSHA  believes  the  PHB  data  could  be 
collapsed  to  conform  with  the  JACA 
classifications.  Assuming  that  current 
monitoring  represents  from  60  to  90 
percent  of  that  required  under  the  new 
rule,  OSHA  estimates  that,  on  average, 
additional  monitoring  will  be  required 
for  three  job  categories  per  plant. 

Monitoring  would  be  conducted  every 
six  months  for  each  of  three  shifts.  A 
typical  plant  would  have  18  additional 
samples  analyzed  for  cadmium 
annually.  These  samples  are  already 
collected  and  analyzed  for  lead  and/or 
arsenic,  and  thus  no  additional 
collection  costs  would  be  imposed  by 
the  cadmium  standard.  At  a  cost  of  $40 
per  sample  for  the  lab  analysis,  the 
annual  cost  to  the  industry  would  be 
about  $2,900. 

Employees  in  this  industry  generally 
receive  medical  surveillance  and 
quarterly  biological  monitoring  [1,  p.  6- 
26  and  2,  p.  9).  Additional  analyses 
would  be  needed  for  an  estimated  400 
exposed  employees  for  cadmium  in 
blood  ($60  per  sample),  cadmium  in 
urine  ($60  per  sample),  and  /32- 
microglobulin  in  urine  ($80  per  sample). 
About  500  of  each  of  these  analyses  are 
estimated  to  be  needed  annually  for  full 
compliance  (including  more  frequent 
testing  of  some  employees),  resulting  in 
a  total  annual  industry  cost  of  $100,000. 

Requirements  for  medical  removal 
may  involve  compliance  costs  in 
addition  to  those  for  more  frequent 
monitoring  estimated  above.  The  criteria 
for  mandatory  removal  would  affect 
employees  with  the  most  extreme 
biological  monitoring  levels.  The  criteria 
for  removal  also  allow  for  considerable 
physician's  discretion.  An  estimated  1.5 
percent  of  the  exposed  workforce  may 
be  removed  initially  on  the  basis  of 
these  criteria  and  the  discretion  of 
physicians. 

Compliance  with  the  new  PEL  for 
cadmium  and  other  requirements  of  the 
final  cadmium  standard  should  prevent 
a  continuing  need  to  remove  employees. 
The  number  of  employees  with 
relatively  high  past  exposures  who 
would  be  more  likely  to  be  removed 
should  also  decline  through  attrition. 
However,  as  the  criteria  for  removal 
become  broader  in  future  years  (lower 
levels  of  cadmium  in  blood  and  urine 
triggering  mandatory  removal), 
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additional  employees  may  be  subject  to 
removal.  The  costs  associated  with  the 
medical  removal  provisions  are 
approximated  by  assuming  that  on 
average,  1.5  percent  of  the  exposed 
workforce  may  be  removed  every  5 
years. 

The  number  of  employees  removed 
should  be  small  enough  to  enable 
establishments  to  provide  removed 
employees  with  alternative  positions. 
Costs  to  the  employer  would  include 
paying  wage  differentials  over  eighteen 
months  and  hiring  and  training  new 
employees.  The  average  cost  per 
removed  employee  is  estimated  to  be 
$5,000.  An  estimated  6  employees  may 
be  removed  every  five  years,  on 
average,  in  the  lead  refining  industry, 
and  the  average  annual  cost  for  the 
industry  would  be  $6,000. 

The  total  annual  cost  for  medical 
surveillance  and  medical  removal 
provisions  is  estimated  to  be  $106,000. 

Employees  at  lead  smelters  and 
refiners  are  currently  provided  with  “the 
full  gambit  of  hygiene  facilities, 
protective  clothing,"  etc.  for  lead  and/or 
arsenic  exposure  (2.  p.  9).  This  statement 
from  industry  generally  confirms  JACA’s 
conclusion  that  additional  costs  would 
not  be  imposed  by  related  provisions  in 
the  cadmium  standard. 

The  revised  cadmium  standard  may 
impose  additional  costs  for 
recordkeeping.  These  costs  are 
estimated  to  be  $5  per  employee  per 
year  or  about  $2,000  annually  for  the 
industry. 

The  estimated  costs  of  compliance  for 
the  lead  smelting  and  refining  industry 
are  presented  in  Table  V1II-C36.  The 
estimated  total  annual  cost  is  $282,900, 
representing  about  $42,725  per  plant  for 
three  plants  and  $154,725  for  one  plant 
in  which  additional  engineering  controls 
appear  to  be  feasible. 

Table  VIII-C36.— Estimated  Costs  of 
Compliance  With  the  Revised  Cad¬ 
mium  Standard  for  the  Lead  Smelt¬ 
ing/Refining  Industry 


Provision 

Annualized 

cost 

(Sthousands) 

Exposure  control 

1120 

Respirator  use . . . 

60.0 

Exposure  monitoring . 

29 

Medical  surveillance . 

106.0 

Hygiene  provisions . 

00 

Recordkeeping  and  information _ 

2.0 

Total . 

282.9 

Note.  Costs  do  not  include  current  expenditures. 
Source:  Office  of  Regulatory  Analysis.  OSHA,  U.S. 
Department  of  Labor 


Economic  feasibility  of  a  50  ng/m3 
SECAL  and  5  pg/m3  PEL  Compliance 


with  the  revised  cadmium  standard  is 
considered  economically  feasible  for  the 
lead  smelting  and  refining  industry.  The 
compliance  cost  imposed  by  the 
standard  represents  an  incremental 
increase  in  exposure  control  costs  and  a 
marginal  expansion  of  employee 
protection  programs  already  instituted 
and  widely  applied  in  this  industry. 

Many  of  the  requirements  of  the  revised 
cadmium  standard  overlap  existing 
requirements  and  do  not  create  new 
burdens. 

JACA  estimated  that  the  average 
revenues  of  lead  smelters  and  refiners 
were  about  $44  million,  ranging  from  $30 
million  for  a  small  facility  to  over  $70 
million  for  a  large  facility  [1,  p.  7-7]. 
Additional  information  was  not 
provided  to  the  record.  The  lead 
smelting  and  refining  plants  would 
typically  have  estimated  compliance 
costs  of  less  than  0.1  percent  of 
revenues.  For  one  plant  in  which 
additional  controls  may  be  feasible,  the 
compliance  costs  would  represent  less 
than  0.4  percent  of  revenues.  Costs 
impacts  of  this  magnitude  are  consistent 
with  the  general  conclusion  of  economic 
feasibility  for  this  industry  sector. 

Lead  prices  are  dictated  by  worldwide 
market  factors.  When  prices  are  low, 
smelters  and  refiners  will  be  unable  to 
pass  compliance  costs  on  to  customers. 
When  price  levels  are  high,  large 
increases  in  profits  are  possible.  JACA 
estimated  that  an  increase  in  the  price 
of  lead  of  6  cents  per  pound  (as  occurred 
recently  within  one  year)  should 
increase  industry  profits  by  $46.7  million 
annually.  The  estimated  compliance 
cost  would  represent  less  than  0.6 
percent  of  these  profits. 

Lead  smelters  and  refiners  should  be 
able  to  absorb  the  estimated  compliance 
costs  into  operating  costs.  The  typical 
cost  increase  per  plant  approximates  the 
labor  costs  for  one  additional  employee, 
and  the  typical  facility  has  over  100 
employees.  Costs  of  this  magnitude 
should  not  have  a  significant  effect  on 
the  viability  of  the  operation  or 
influence  major  production  or 
investment  decisions. 

Finally,  it  may  be  the  case  that  some 
engineering  control  costs  identified  in 
this  rule  should  already  have  been  put  in 
place  in  order  to  comply  with  existing 
rules  for  lead  and  arsenic. 

Notes 

1.  Exhibit  13,  "Economic  Impact  Analysis  of 
the  Proposed  Revision  to  the  Cadmium 
Standard,"  Final  Report,  JACA  Corporation, 
March  15, 1888. 

2.  Exhibit  19-32,  "Comments  of  ASARCO 
Incorporated,”  ASARCO  Inc.,  May  9, 1990. 

3.  Exhibit  19-43,  Attachment  J, 
‘Technological  Feasibility  of  a  Workplace 
Standard  for  Airborne  Cadmium  at  the 


Herculaneum  Lead  Smelter,”  Putnam,  Hayes 
&  Bartlett  Inc.,  November  2, 1989. 

4.  Exhibit  105,  "The  Cost  of  Engineering 
Controls  for  Reducing  Workplace  Exposure 
to  Cadmium  at  Primary  Producers,”  Bureau  of 
Mines,  U.S.  Department  of  the  Interior, 
September  18, 1990. 

Plating 

Industry  overview.  Plating  involves 
coating  one  material  with  another  in 
order  to  impart  the  characteristics  of  the 
plating  material.  Surfaces  commonly 
plated  include  parts  made  of  steel, 
brass,  aluminum,  and  iron;  common 
plating  materials  include  zinc, 
chromium,  copper,  nickel,  and  cadmium. 

Plating  is  most  often  used  to  protect 
surfaces  from  corrosion,  but  can  also 
increase  electrical  conductivity  and 
improve  appearance.  Plated  parts  are 
used  in  many  manufacturing  industries; 
the  heaviest  use  is  in  the  automotive, 
electronics,  industrial  hardware,  and 
aerospace  industries.  The  military 
frequently  specifies  cadmium-plated 
parts  because  of  their  superior 
performance  under  extreme  conditions. 

The  electronics  industry  uses 
cadmium  to  plate  chassis  hardware, 
connectors,  and  fasteners.  Cadmium- 
plated  parts  possess  high  conductivity, 
excellent  solderability,  and  are  easily 
bonded. 

The  aerospace  industry  specifies 
cadmium  for  plating  to  reduce  corrosion 
between  high  tensile  steel  fasteners  and 
aluminum  alloys.  Plated  parts  include 
bolts,  major  structural  members,  and 
landing  gear  parts.  Cadmium  provides 
excellent  lubricity  and  performs  well 
under  extreme  temperatures  and  in  salty 
environments. 

Automotive  applications  include 
plating  nuts  and  bolts  for  suspension 
bars,  brass  and  steel  springs,  and  brake 
line  connectors.  Cadmium  properties  of 
importance  to  auto  makers  include 
lubricity  and  adhesion.  Cadmium  can  be 
applied  in  thin  coats  which  makes  it  an 
excellent  plating  material  for  small 
parts. 

Cadmium  plating  is  done  with  one  of 
two  basic  plating  methods. 

Electroplating  is  the  most  common  and 
involves  coating  materials  through 
electrodeposition  by  submerging  them  in 
a  liquid  mixture  with  the  plating 
compound.  Mechanical  plating  is  a  dry 
operation  in  which  parts  are  coated  with 
a  powder  in  a  tumbling  process. 

Cadmium  plating  is  performed  at 
approximately  350  to  400  facilities  in  the 
United  States  [4,  p.  1].  Electroplating  is 
the  most  common  method  of  plating 
with  cadmium,  and  only  about  20 
facilities  currently  use  mechanical 
plating  [8,  p.  5-122].  At  mechanical 
plating  facilities,  less  than  10  percent  of 
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the  work  involves  cadmium  [8.  p.  VI- 
134].  An  estimated  1,200  employees  are 
exposed  to  cadmium  in  plating 
establishments. 

Cadmium  plating  can  be  done  by 
independent  plating  companies  and  also 
by  other  companies  as  part  of  multi¬ 
faceted  manufacturing  operations.  The 
analysis  of  the  plating  industry  includes 
only  those  establishments  engaged  in 
plating  as  a  primary  business.  Potential 
cadmium  exposures  and  regulatory 
impacts  at  other  establishments  are 
analyzed  in  the  sections  for  their 
respective  industries. 

Production  processes.  Electroplating 
with  cadmium  is  usually  conducted  in  a 
cyanide  bath.  The  solution  is  prepared 
from  cadmium  oxide  and  sodium 
cyanide.  Cadmium  or  cadmium  oxide 
powder  is  weighed  out  and  then 
dissolved  in  a  salt  solution  which  is 
added  to  the  electroplating  tank.  As  a 
current  is  passed  through  the  solution, 
the  positively  charged  cadmium  metal 
ions  are  attracted  to  the  part  to  be 
plated,  thereby  creating  a  cadmium 
coating. 

Mechanical  plating  involves  tumbling 
the  parts  to  be  plated  in  a  barrel  with  a 
mixture  of  cadmium  powder,  glass 
beads,  acid,  and  other  chemicals.  The 
cadmium  powder  is  initially  weighed  out 
into  paper  bags,  which  are  placed  in  the 
barrel  intact  and  disintegrated  by  the 
acid.  After  the  tumbling  process  is 
complete  the  parts  are  discharged  onto  a 
table  provided  with  water  sprays,  where 
they  are  washed  and  separated. 

Employee  exposures.  JACA  identified 
two  job  categories  with  potential 
exposure  to  cadmium  during 
electroplating  operations,  the  operator 
and  the  maintenance  technician.  Based 
on  exposure  data  representing  over 
seven  years  of  OSHA  monitoring,  JACA 
concluded  that  the  geometric  mean 
exposure  for  the  workers  was  less  than 
0.2  pg/m3  [1,  p.  3-21]. 

An  in-depth  health  hazard  survey 
report  of  an  electroplating  facility  was 
provided  by  NIOSH  [2,  Attachment  14]. 
Exposure  monitoring  results  reported  for 
cadmium  did  not  include  any 
quantifiable  concentrations.  A  second 
in-depth  health  hazard  survey  report  of 
another  electroplating  facility  also  failed 
to  reveal  any  quantifiable 
concentrations  of  cadmium  [2, 
Attachment  15].  NIOSH  concluded  in 
their  testimony  that  sampling  results  in 
electroplating  operations  were  generally 
at  or  below  2  pg/m3  (the  limit  of 
analytical  detection  in  the  study)  [3,  p. 
15]. 


The  National  Association  of  Metal 
Finishers  (NAMF)  cited  a  NIOSH 
technical  report  which  evaluated 
cadmium  exposures  during 
electroplating  "using  an  absolute  worst 
case  method.”  Samples  were  taken 
inches  above  the  plating  solution  on 
hand  operated  tanks.  The  highest 
potential  concentrations  of  cadmium 
ranged  from  2  pg/m*  to  15  pg/m3. 
Monitoring  conducted  by  the  New  York 
State  Department  of  Labor  indicated 
concentrations  of  less  than  2  pg/m3 
above  the  operating  tanks.  [4,  p.  2]. 

These  results  refer  to  area  samples  and 
do  not  represent  personal  eight-hour 
time-weighted  average  exposure  levels. 

Exposures  during  mechanical  plating 
are  higher  than  electroplating.  One  plant 
conducting  mechanical  plating  with 
cadmium  reported  that  during  the  past 
three  years  exposure  levels  ranged  from 
8  pg/m3  to  38  pg/m3  [5,  p.  9].  The  result 
of  a  single  eight-hour  sample  taken 
during  mechanical  plating  with  cadmium 
was  submitted  by  another  plant  as  33 
pg/m3  [6,  Exhibit  A,  p.  10].  However, 
this  sample  “does  not  represent  the 
normal  range  of  exposures”  because  the 
monitoring  was  done  during  a  “worst 
possible  case  scenario”  created 
specifically  to  evaluate  the  highest 
potential  exposure  to  cadmium  [6, 
Exhibit  B,  p.  1]. 

A  study  conducted  by  the  Cadmium 
Council  estimated  exposures  separately 
for  different  work  stations  during 
mechanical  plating  [7,  Table  A6-1]. 
Exposures  during  weighing  were 
estimated  to  be  92  pg/m3,  exposures 
while  operating  the  barrel  were 
estimated  to  be  60  pg/m3,  and  exposures 
during  other  operations  were  estimated 
to  be  16  pg/m3.  The  study  conceded  that 
“the  entire  cadmium  plating  process  is 
frequently  done  by  one  person”  [7,  p.  6- 
1]  but  did  not  provide  information  on  the 
number  of  samples  taken,  the  duration 
of  the  sample] s),  or  what  actual 
exposures  might  be  based  on  personal 
monitoring  over  a  full  shift.  Weighing 
and  barrel  operations  involving 
cadmium  represent  short  duration, 
infrequent  activities  at  mechanical 
plating  plants  [5,  p.  4]. 

Existing  and  feasible  additional 
controls.  JACA  described  existing 
controls  at  electroplating  facilities  that 
included  local  exhaust  ventilation  and 
hoods  over  the  material  handling  areas. 
JACA  suggested  that  if  further  controls 
were  needed,  respirators  should  be  used 
[1,  p.  3-18  and  4-10].  Testimony  from  an 
electroplating  facility  confirmed  that 
ventilation  systems  and  glove  boxes 
were  already  being  used,  and  that  other 


chemicals  contribute  to  exposure 
problems  during  electroplating  [8,  p.  VI- 
135  and  p.  VI-148]. 

NIOSH  provided  descriptions  of  two 
electroplating  facilities.  Ventilation 
systems  were  generally  implemented  as 
necessary,  and  NIOSH  recommended 
some  possible  minor  improvements  [2, 
Attachments  14  and  15].  NIOSH 
concluded  in  their  testimony  that 
exposures  for  cadmium  electroplating 
are  "generally  at  or  below  2  pg/m9'  [3, 
p.  15]  and  are  “controllable  to  1  pg/m* 
using  available  engineering  controls”  [3, 

p.  26]. 

A  consultation  report  developed  by 
the  Michigan  Department  of  Public 
Health  described  controls  at  a 
mechanical  plating  facility  [6,  exhibit  A]. 
Ventilation  systems  were  used  for  the 
weighing  operation  and  for  the 
mechanical  plating  area.  The  systems 
were  considered  adequate,  but  some 
changes  in  hood  designs  were 
recommended  to  improve  their 
effectiveness. 

Comments  regarding  existing  controls 
were  also  provided  by  another 
mechanical  plating  facility  [5,  p.  9].  The 
company  stated  that  local  exhaust 
ventilation  wras  provided  at  the  plater 
barrel. 

Technologically  feasible  limit  for  a 
SECAL  Data  for  mechanical  plating 
operations  were  analyzed  separately 
from  electroplating  since  all  available 
data  indicated  that  mechanical 
operators  were  exposed  to  significantly 
higher  levels  of  cadmium.  Figure  VIII- 
C27  graphically  shows  the  different 
exposure  profile  for  the  120  employees 
in  the  high  exposure  mechanical  plating 
process  versus  the  1,080  employees  in 
the  low  exposure  electroplating 
category.  Consistent  with  the 
methodology  used  for  other  industries,  a 
t  test  was  performed  on  the  data  and 
verified  that  the  means  of  the  two 
exposed  populations  were  drawn  from 
separate  statistical  distributions. 

In  Figures  VIII-C28  and  VIII-C29,  all 
available  exposure  data  for  each  data 
set  were  “fitted"  to  a  straight  line  (OLS 
methodology).  Currently,  all  exposures 
in  the  low  exposure  electroplating 
operations  fall  below  5  pg/m3. 

For  each  group,  graphs  were 
developed  to  model  the  effect  of 
exposure  reductions,  based  on 
engineering  control  solutions  with 
efficiency  ratings  from  a  high  of  80  down 
to  20  percent.  Figures  VIII-C30  and  VIII— 
C31  show  the  projected  reductions  for 
both  groups  (the  high  efficiency  80 
percent  factor  is  closest  to  the  “y"  axis). 
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FIGURE  VIII-C28 

PLATING  (HIGH  EXP):  CURRENT 


EXPOSURE  LEVEL  IN  UG/M3 


VIII-CI95 


PERCENT  OF  EXPOSURES  BELOW  LEVEL 


42294  Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14, 1992  /  Rules  and  Regulations 

FIGURE  VIII-C29 
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FIGURE  VIII-C30 

PLATING  (HIGH  EXP.):  CONTROLLED  80%-2C 
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FIGURE  VIII-C31 
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The  selection  of  an  appropriate 
engineering  control  factor  was  based  on 
evidence  and  testimony  in  the  record 
and  economic  feasibility  considerations. 

PACE  evaluated  a  typical  mechanical 
plating  facility  and  reported  that  a 
ventilated  sandblast  booth  ("a 
simplified  type  of  glove  box")  was  used 
for  weighing  operations  [7,  p.  6-1].  PACE 
recommended  that  a  “much  higher 
quality  glove  box”  should  be  used  in 
conjunction  with  better  work  practices 
and  housekeeping  procedures.  These 
improvements  could  reduce  exposures 
by  over  90  percent  during  this  operation 
PACE  also  recommended  the 
installation  of  a  ventilation  system  and 
partial  enclosure  to  control  sources  of 
cadmium-bearing  mist  during  the  barrel 
operation.  Exposures  were  projected  to 
be  reduced  by  85  percent  as  a  result. 
PACE  concluded  that  exposures  could 
be  reduced  by  up  to  75  percent  in  other 
operations.  Exposures  from  handling 
finished  mechanically  plated  parts  are 
considered  insignificant  because  a 
process  change  recently  introduced 
removes  potential  sources  of  dust  before 
theparts  are  washed  and  dried. 

Tne  use  of  pre-bagged  cadmium  was 
suggested  as  a  possible  control  option 
[3,  p.  17],  but  this  approach  does  not 
appear  to  be  feasible  in  this  industry  [5, 
p.  4  and  6,  p.  5]. 

Based  on  this  review,  a  60-80  percent 
reduction  in  exposure  levels  should  be 
achievable  for  mechanical  plating 
facilities.  This  reduction  factor 
translates  into  a  SECAL  of  15  pg/m3  for 
the  mechanical  plating  operations.  The 
PEL  of  5  pg/m3  is  technologically 
feasible  for  electroplating  operations, 
and  most  exposure  levels  for  this  group 
are  already  below  this  level. 

For  mechanical  plating  operations 
there  are  no  apparent  economic  feasible 
constraints  preventing  them  from 
achieving  the  15  ug/m*  SECAL. 

OSHA  concludes  that  a  PEL  of  5  fig/ 
m3  is  technologically  feasible  for 
electroplating  operations.  Respiratory 
protection  will  be  necessary  during 
some  mechanical  cadmium  plating 
operations. 

Costs  of  compliance  with  a  15  pg/m3 
SECAL  and  5  pg/m3  PEL.  Based  on  the 
evidence  in  the  record,  OSHA  believes 
that  electroplating  facilities  consistently 
maintain  employee  exposures  below  5 
pg/m3  and  would  generally  not  need  to 
install  additional  engineering  controls. 

Establishments  performing 
mechanical  plating  with  cadmium  would 
be  required  to  install  engineering 
controls  to  the  extent  feasible. 

Testimony  from  a  mechanical  plating 
facility  indicated  that  all  feasible 
controls  have  already  been  implemented 
[8,  p.  5-134].  As  described  above. 


mechanical  plating  facilities  already  use 
glove  boxes,  local  exhaust  ventilation, 
and  other  controls  to  reduce  cadmium 
exposures.  Nevertheless,  some 
establishments  will  find  it  necessary  to 
improve  engineering  controls  to  achieve 
compliance  with  the  revised  standard. 

A  pass-through  airlock  glove  box, 
providing  “a  much  higher  quality"  than 
conventional  -glove  boxes  [7,  p.  6-4], 
would  cost  about  $5,000  [7,  Table  A6-4], 
The  installation  and  use  of  a  vacuum 
system  is  estimated  to  cost  $15,000 
initially  and  $8,000  annually  for 
operating  costs.  A  complete  ventilation 
system  with  two  hoods,  make-up  air, 
and  clean  air  islands  could  be  provided 
at  a  barrel  operation  without  existing 
controls  for  about  $60,000  plus  $6,000  in 
annual  costs. 

Some  mechanical  plating  facilities 
may  not  require  any  additional  controls, 
some  may  only  require  minor 
improvements,  and  a  few  may  need  new 
controls.  OSHA  estimates  that  about 
two  thirds  of  the  facilities  would  incur 
costs  for  engineering  controls,  and  that 
on  average  these  facilities  would  need 
half  of  the  engineering  controls  listed 
above  or  the  equivalent.  About  14  of  20 
■t  mechanical  plating  establishments 
would  have  an  average  annualized  cost 
for  engineering  controls  of 
approximately  $13,500,  and  the 
annualized  cost  for  the  industry  would 
be  $189,000. 

Shower  facilities  with  a  double-sided 
locker  room  could  be  provided  for 
employees  in  mechanical  plating 
operations  for  $35,000  in  capital  costs 
and  $9,000  in  annual  costs  [7,  Table  A6- 
4].  All  facilities  performing  mechanical 
plating  with  cadmium  need  shower  and 
locker  facilities  for  their  employees  to 
comply  with  the  revised  standard.  The 
annualized  cost  would  be  $14,700  per 
plant  or  $294,000  for  the  industry. 

The  National  Association  of  Metal 
Finishers  stated  that  the  "use  of 
protective  clothing  and  respirators 
where  required  is  standard  practice 
within  the  industry.”  [4,  p.  4].  However, 
it  is  likely  that  additional  respirator  use 
would  be  required  by  the  revised 
standard  during  some  mechanical 
plating  operations.  Plating  facilities  are 
estimated  to  have  an  average  of  three 
employees  per  plant  [1,  p.  D-4],  and 
employees  in  mechanical  plating  spend 
less  than  10  percent  of  the  time  working 
with  cadmium  [8,  p.  VI-134].  The  cost  of 
providing  respiratory  protection  for  an 
average  of  one  full-time  employee  per 
plant  would  be  $300  per  plant  annually, 
and  the  total  annual  cost  for  the 
industry  would  be  $6,000. 

Exposure  monitoring  and  medical 
surveillance  programs  are  generally  not 
implemented  at  plating  facilities. 


However,  most  electroplating  facilities 
should  be  able  to  keep  exposures  below 
the  action  level  and  avoid  most  of  these 
requirements. 

OSHA  estimates  that  the  plating 
industry  consists  of  400  establishments 
with  1,200  employees  and  two  job 
categories  per  plant  [4,  p.  1  and  1,  p.  D- 
4].  Regular  exposure  monitoring  may  be 
required  at  100  plants.  At  a  cost  of  $40 
per  sample  and  $1,500  annually  for 
collection,  each  of  the  affected  plants 
would  have  an  annual  cost  of  $1,660. 

The  annual  cost  for  the  industry  would 
be  $166,000,  of  which  about  $33,000 
would  apply  to  mechanical  platers. 

Medical  surveillance  is  estimated  to 
cost  $250  for  a  medical  examination  and 
$215  for  the  collection  and  analysis  of 
the  required  biological  monitoring 
samples.  Compliance  with  the  revised 
standard  is  expected  to  involve  150 
medical  examinations  and  300  biological 
monitoring  samples  annually. 

Employees  in  this  industry  are  not 
expected  to  be  affected  by  the  medical 
removal  requirements  since 
occupational  exposures  are  relatively 
low  and  intermittent.  The  total  annual 
cost  for  the  industry  for  medical 
surveillance  requirements  would  be 
$102,000,  of  which  about  $22,000  would 
apply  to  mechanical  platers. 

Information,  training,  and 
recordkeeping  requirements  may  involve 
incremental  costs  for  plating 
establishments.  These  requirements 
would  include  provisions  for 
establishing  regulated  areas,  using 
warning  labels,  developing  a  compliance 
program,  and  providing  information  to 
employees  and  physicians.  Some  of 
these  costs  would  already  be  required 
by  existing  standards  or  be  included  in 
current  practices;  requirements  may  not 
apply  to  establishments  with  exposures 
consistently  below  the  action  level. 
Additional  costs  are  estimated  to 
average  $100  per  employee  per  year  for 
about  25  percent  of  plating 
establishments.  The  total  annual  cost  for 
the  industry  would  be  $30,000,  of  which 
about  $6,000  may  be  borne  by 
mechanical  platers. 

Compliance  costs  for  the  plating 
industry  are  summarized  in  Table  VIII- 
C37.  The  total  estimated  cost  is  $787,000 
annually,  of  which  $237,000  is  for 
electroplating  and  $550,000  is  for 
mechanical  plating. 

Economic  feasibility  of  a  15  pg/m3 
SECAL  and  5  pg/m3  PEL.  The  revised 
cadmium  standard  with  a  SECAL  of  15 
pg/m3  is  considered  economically 
feasible  for  the  cadmium  plating 
industry. 

Average  annual  revenues  from 
cadmium  plating  are  estimated  to  be 
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$500,000  per  facility,  and  the  average 
pre-tax  profit  margin  is  4.4  percent, 
resulting  in  average  estimated  annual 
profits  of  $22,000  (9,  p.  VI-10].  Almost  all 
facilities  that  plate  with  cadmium  also 
plate  with  other  materials  [1,  p.  7-10], 
and  thus  total  revenues  and  profits  per 
plant  would  be  higher. 

Table  VII1-C37.— Estimated  Costs  of 
Compliance  With  the  Revised  Cad¬ 
mium  Standard  for  the  Cadmium 
Plating  Industry 


i  Annualized  cost  (Sthousands) 


Provision 

Electro¬ 

plating 

Me¬ 

chanical 

plating 

Total 

Exposure  control _ 

0 

189.0 

189.0 

Respirator  use - 

0 

6.0 

6.0 

Exposure  monitoring .. 

133.0 

33.0 

166.0 

Medical  surveillance... 

80.0 

22.0 

102.0 

Hygiene  provisions . 

Recordkeeping/ 

0 

294.0 

294.0 

information . 

24.0 

6.0 

30.0 

Total _ 

237.0 

550.0 

787.0 

Note;  Costs  do  not  include  current  expenditures. 
Source;  Office  of  Regulatory  Analysis,  OSHA,  U  S 
Department  of  Labor. 


Over  90  percent  of  the  establishments 
In  this  industry  are  electroplaters.  These 
establishments  generally  have 
sufficiently  low  exposures  so  that 
compliance  with  the  standard  can  be 
achieved  at  minimal  or  no  additional 
expense.  If  exposures  at  an 
electroplating  facility  are  such  that 
medical  surveillance  and  exposure 
monitoring  of  employees  would  be 
required,  the  additional  cost  would 
typically  be  less  than  $3,000  per  year. 
Electroplating  facilities  providing 
cadmium  plating  should  be  able  to  offset 
compliance  costs  with  an  average  price 
increase  of  less  than  0.5  percent. 

Mechanical  platers  will  face  higher 
compliance  costs  than  electroplaters. 

The  total  annual  compliance  cost  may 
reach  $30,000  at  facilities  that  have  not 
implemented  adequate  controls  but 
would  be  less  for  establishments  with 
existing  controls.  Mechanical  platers 
would  not  be  competitively 
disadvantaged  in  comparison  to 
electroplaters.  Mechanical  plating  costs 
more  than  electroplating,  and  customers 
do  not  use  it  unless  they  have  to;  the 
two  methods  of  plating  are  not 
interchangeable  [6,  p.  4  and  8,  p.  VI-143]. 

A  representative  mechanical  plater 
has  “revenues  of  about  $1  million  *  *  * 
Revenues  from  mechanical  plating 
account  for  about  35  percent  of  the  total, 
or  about  $350,000.”  [10,  p.  4-4].  An 
increase  in  the  price  of  mechanical 
cadmium  plating  of  less  than  10  percent 
would  offset  the  estimated  compliance 
costs  for  these  establishments. 


The  cost  of  plating  components 
generally  comprises  a  small  fraction  of 
the  cost  of  final  products  such  as 
automobiles,  and  the  estimated  increase 
in  plating  costs  would  translate  into 
negligible  increases  in  prices  for 
products  with  cadmium  plated 
components.  Where  properties  of 
cadmium  plating  are  essential,  such  as 
in  some  military  applications,  the  cost 
increase  could  be  passed  through  to 
customers.  The  automobile  industry  and 
the  military  together  account  for  over  80 
percent  of  the  demand  for  mechanically 
plated  components  [10,  p.  4-4]. 

The  costs  associated  with  cadmium 
plating  may  be  less  than  those  estimated 
above  to  the  extent  that  market  forces 
lead  to  a  more  efficient  solution  for  the 
industry.  Some  facilities  may 
discontinue  cadmium  plating  operations 
or  make  production  schedule  changes  to 
take  advantage  of  the  30  day  exclusion 
provision  in  the  rule.  Other  facilities 
may  increase  cadmium  plating  and  be 
able  to  spread  compliance  costs  over  a 
greater  percentage  of  production. 

Such  shifts  in  production  would  not 
constitute  a  major  structural  change  in 
the  industry.  The  percent  of  revenues 
derived  from  cadmium  plating  varies 
among  plating  establishments  and  for 
many  firms  only  small  adjustments 
would  be  necessary  to  eliminate  or 
concentrate  on  cadmium  related 
business.  Recent  environmental 
regulations,  including  water  pollution 
standards,  are  already  causing  such  a 
trend  towards  specialization  throughout 
the  industry  [8,  p.  VI-147],  Also,  “most 
platers  appear  sufficiently  flexible  to 
respond  relatively  easily  to  new 
specifications  for  plating  different 
metals.”  [10,  p.  4-5]. 

The  average  increase  in  prices 
associated  with  the  estimated 
compliance  costs  would  not  threaten  the 
viability  of  the  industry  or  cause  any 
significant  contraction.  Compliance 
costs  for  over  90  percent  of  the 
establishments  would  be  minimal.  Costs 
are  primarily  concentrated  in 
mechanical  plating;  demand  for  this 
more  expensive  and  specialized  service 
is  relatively  inelastic  and  should  not  be 
significantly  impacted. 

The  trade  association  for  the  plating 
industry  emphasized  that  most  of  the 
affected  establishments  were  small 
businesses  for  whom  the 
implementation  of  the  standard  would 
cause  “major  problems."  [4,  p.  5].  The 
association  recommended  that  the 
standard  be  coupled  with  a  technical 
assistance  program  funded  by  the 
government  for  small  businesses. 

OSHA  recognizes  that  some 
establishments  may  need  assistance  in 


complying  with  safety  or  health 
regulations.  The  Office  of  Compliance 
Assistance  and  representatives  of 
regional  and  area  offices  are  available 
for  answering  questions  and  offering 
advice  to  small  businesses.  In  addition, 
small  businesses  may  take  advantage  of 
OSHA’s  consultation  program  which 
conducts  a  comprehensive  assessment 
of  facilities,  provides  guidance,  and 
makes  recommendations. 
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Dry  Color  Formulators 

Industry  Overview.  Cadmium 
pigments  are  purchased  by  companies  in 
several  industries  for  applications  in  the 
manufacture  of  plastics,  ceramics, 
specialty  coatings,  and  other  products. 
Some  companies  purchase  cadmium 
pigments  directly  from  the 
manufacturers;  many  companies  rely  on 
intermediate  compounders  to  formulate 
custom  color  concentrates  and  resin 
concentrates.  The  compounders  are 
referred  to  by  the  industry  as  dry  color 
formulators. 
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The  Dry  Color  Manufacturers* 
Association  (DCMA)  estimates  that  the 
market  of  pigment  users  consists  of 
“hundreds  of  companies  and  thousands 
of  employees”  [1,  p.5],  and  that 
formulators  of  plastic  resins  constitute 
“a  very  large  market”  for  cadmium 
pigments  [3,  p.  44].  The  Society  of  the 
Plastics  Industry  stated  in  its  comments 
that  over  100  member  companies  are 
involved  in  the  compounding  business 
(including  concentrate  producers  and 
resin  producers)  (4,  p.  7].  A 
representative  of  the  Cadmium  Pigments 
Committee  of  DCMA  testified  during  the 
hearings  that  1,000  direct  customers  of 
manufacturing  members  were  identified 
(including  formulators  and  firms  in  other 
industries),  and  that  the  firms  involved 
in  compounding  "are  by  and  large  very, 
very  small  companies”  (5].  OSHA 
estimates  that  there  are  approximately 
700  separate  dry  color  formulators  using 
cadmium  pigments  and  that  these  plants 
employ  on  average,  10  workers  each. 
These  estimates  are  consistent  with  the 
numbers  used  in  the  preliminary 
analysis  (which  were  not  directly 
challenged  or  refuted  by  interested 
parties),  with  other  evidence  in  the 
record,  including  data  from  JACA  [2,  p. 
C— 4]  and  trade  associations  [4,  p.  1  and 
p.  7;  1,  p.  5],  and  with  information 
presented  at  the  public  hearings  [5]. 

Induction  processes.  Dry  color 
formulators  compound  cadmium 
pigment  material  into  colored 
concentrates.  The  products  are 
considered  to  be  “very  customized"  [5], 
virtually  made  to  order  in  a  batch 
production  process.  The  formulators 
purchase  pigments  in  dry  bulk  form.  The 
raw  pigment  is  measured  and  mixed  into 
a  matrix  with  other  materials.  The 
matrix  may  contain  as  much  as  50 
percent  cadmium  pigment. 

The  pigment  mixture  is  blended  and 
then  compounded,  extruded,  or 
dispersed  into  a  shape  suitable  for 
further  processing.  Often  the  colored 
resin  concentrates  must  be  ground  to  a 
powder  for  further  blending  or  made 
into  pellets.  Plastic  resin  pellets  are 
packaged  and  sold  as  the  final  product. 

The  pellets  in  turn  are  used  by 
molders  in  making  plastic  products  and 
by  other  firms  using  cadmium  pigment 
concentrates.  Subsequent  employee 
exposures  to  cadmium  during  the 
production  of  plastics  and  during  other 
manufacturing  processes  using  products 
made  by  formulators  are  likely  to  be 
minimal  or  nonexistent  because  the 
cadmium  pigment  has  in  effect  been 
encapsulated  or  made  part  of  a  solution 
16]. 

Employee  exposures.  Formulators 
create  specific  color  formulations  that 
span  the  full  spectrum  of  colors.  As 


many  as  4,000  different  variations  of 
colors  may  be  produced  from  the 
relatively  limited  color  palette  provided 
by  the  pigment  manufacturers.  The 
quantity  of  each  blend  produced  can 
range  from  five  pounds  to  five  thousand 
pounds,  depending  on  the  customer 
order  [7]. 

Cadmium  pigments  are  not  used  to 
produce  all  color  combinations  and  may 
not  be  used  at  all  on  some  days  [7]. 
Operators  “in  the  pigment  using  sector 
may  only  be  exposed  to  cadmium 
pigments  in  one  batch  operation  for  a 
short  period  of  time.  *  *  *  these  short 
term  exposures  may  only  last  a  few 
minutes  a  week”  [3,  p.  75].  Occupational 
exposure  to  cadmium  in  the  dry  color 
■  formulator  sector  of  the  pigments 
industry  is  thus  considered  to  be 
intermittent. 

The  airborne  concentrations  of 
cadmium  created  during  the  production 
of  a  batch  of  concentrate  involving 
cadmium  pigments  are  characterized  by 
several  sources  in  the  record.  JACA 
Corporation  developed  a  preliminary 
occupational  exposure  profile  for 
cadmium  which  categorized  employees 
into  cross-industry  occupatiftns  [2].  This 
approach  reflected  the  belief  that 
exposures  were  more  likely  to  be  similar 
for  certain  types  of  work  across 
industries.  The  JACA  report  included  a 
full  breakdown  by  industry  of  the 
employees  in  each  occupational 
category;  employees  of  formulators  were 
included  in  the  occupational  category  of 
chemical  mixing  and  milling. 

The  exposure  data  presented  by  JACA 
for  formulators  are  based  on  over  200 
samples.  The  data  have  a  range  of  0.05 
pg/m3  to  710  pg/m3,  a  geometric  mean 
of  3  pg/m3,  and  a  median  of  5  pg/m3. 

Well-documented  exposure  data  on 
pigment  users  was  submitted  to  the 
record  by  NIOSH  in  two  health  hazard 
evaluations  [8].  At  one  facility,  all 
exposures  were  less  than  10  pg/m3  on 
an  eight-hour  time-weighted  average 
(TWA8)  basis.  Exposures  occurred 
during  short  term  material  handling 
operations.  NIOSH  noted  that  better 
industrial  hygiene  practices  could  be 
implemented  at  the  plant,  such  as 
vacuuming  or  damp  mopping  instead  of 
dry  sweeping.  The  second  study  found 
exposures  ranging  from  5  pg/m3  to  25 
pg/m3  while  adding  pigments  and 
during  color  changes. 

Exposure  data  were  also  submitted  to 
the  record  by  a  company  with  two 
plants  using  cadmium  pigments  to 
formulate  custom  colored  plastics  [9].  At 
one  plant  the  weighted  mean  exposure 
level  for  the  job  categories  with 
cadmium  exposure  was  4.4  pg/m3.  Of 
the  101  employees  exposed,  the  highest 
mean  exposure  level  occurred  among 
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sixteen  blending  operators  at  7.5  pg/m3. 
Data  from  the  second  plant  indicate  that 
there  were  approximately  80  employees 
exposed  at  an  average  of  10  pg/m9 
TWA8. 

The  higher  exposures  occurred  during 
cleaning  and  other  periodic  tasks,  which 
occur  whenever  a  color  blend  has  been 
completed  and  the  next  blend  must  be 
prepared.  These  activities  cause 
intermittent  exposure,  and  the  duration 
and  frequency  of  the  exposure  are  not 
predictable  [9].  ‘The  variability  of 
exposure  is  very  large,  with  individual 
handling  styles  affecting  exposure  levels 
greatly.”  [12]. 

Current  employee  exposures  in  this 
industry  appear  to  be  generally  below  20 
pg/m3. 

Existing  and  feasible  additional 
controls.  The  operations  invoking 
employee  exposures  to  cadmium  in 
pigment-using  establishments  can  be 
controlled  in  a  variety  of  ways. 

Standard  technologies  for  controlling 
exposures  in  such  operations  have  been 
developed  and  implemented  in  this  and 
other  industries.  Feasible  controls 
include  local  exhaust  ventilation, 
general  ventilation,  and  good 
housekeeping  practices  such  as 
vacuuming  and  damp  mopping. 
Appropriate  work  practices  can  also 
help  reduce  exposures  by  minimizing 
airborne  dust. 

The  batch  operations  involved  in  the 
process  cause  intermittent,  variable 
exposures  and  require  frequent  clean¬ 
outs.  With  a  PEL  of  5  pg/m3.  respiratory 
protection  would  probably  be  necessary 
during  these  activities  even  after  the 
implementation  of  feasible  engineering 
controls.  Comments  provided  by  one 
pigment  user  indicate  that  exposures 
above  5  pg/m3  occur  with  local  exhaust 
ventilation  present  at  all  points  of 
exposure  [9].  Some  commenters  claimed 
that  achieving  levels  below  5  pg/m3 
with  engineering  controls  and  work 
practices  was  infeasible  [1,3,4,10,11]. 

Comments  regarding  operations  at 
two  formulating  facilities  included 
details  on  the  feasibility  of  additional 
controls.  At  one  facility  exposures  could 
be  reduced  by  installing  ventilated  work 
stations  with  downdraft  airflow,  adding 
a  dust  collection  system  for  the  pigment 
blender,  making  improvements  in  the 
blender  to  prevent  dust  from  escaping, 
and  modifying  material  handling 
systems  to  reduce  the  amount  of 
handling.  Exposure  reduction  at  the 
other  facility  would  involve  the 
installation  of  dust  collectors  and 
ventilation  systems  in  two  major  areas, 
the  replacement  of  pigment  blenders,  the 
installation  of  a  masterbatch  feeder,  and 
the  use  of  portable  HEPA  vacuums  [12]. 
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A  PEL  of  5  pg/ms  was  asserted  to  be 
technologically  feasible  at  these 
facilities  [9,  p.  3],  but  would  “threaten 
the  viability"  of  the  custom-colored 
plastics  business  [9,  p.  1].  Exposures 
above  5  p.g/ms  tend  to  occur  during 
cleaning  and  maintenance  activities  and 
other  intermittent  activities  such  as 
weighing  out  pigments,  even  when 
conducted  under  a  dust  collecting  hood. 
Respirators  would  provide  an 


appropriate  form  of  protection  during 
such  activities  after  engineering  controls 
have  been  implemented  to  the  extent 
feasible. 

Technologically  feasible  limit  for  a 
SECAL  or  PEL  OSHA  could  not 
distinguish  high  and  low  exposure 
groups  for  this  industry  segment.  All 
available  data  indicated  that  current 
exposure  levels  were  below  20  pg/m* 
with  means  near  10  pg/ms.  Figures  VIII— 


C32  and  VIII-C33  graphically  present 
the  available  exposure  data  and  Figure 
VIII-C34  shows  projected  exposures 
with  80,  60,  40,  and  20  percent  efficiency 
factors. 

Evidence  on  the  availability  and 
effectiveness  of  engineering  controls  to 
lower  exposure  levels  in  this  industry 
was  referenced  above. 
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Technology  found  to  be  successful 
includes  standard  control  solutions  such 
as  local  exhaust  ventilation,  general 
ventilation,  and  dust  collection  systems. 

Based  on  the  record  evidence,  it 
appears  that  more  can  be  done  within 
many  plants  to  further  reduce  cadmium 
exposure  levels,  but  that  the  targeted 
level  of  5  pg/m3  will  be  difficult  to 
achieve  for  many  plants  in  this  sector. 
Other  data  in  the  record  confirm  that 
some  firms  are  already  below  the  PEL 
level. 

On  balance.  OSHA  believes  that  the 
PEL  of  5  pg/m3  is  technologically 
feasible  for  this  industry. 

This  determination  reflects  several 
considerations: 

•  A  minority  of  plants  in  this  sector  have 
already  achieved  the  PEL  level  for  8  hour 
TWA  exposures. 

•  The  thirty  day  exclusion  provides  the 
option  for  many  formulators  to  regulate  their 
intermittent  use  of  cadmium,  such  that 
workers  are  exposed  no  more  than  30  days 
per  year.  If  successful,  such  firms  will  have 
no  obligation  to  introduce  additional 
engineering  controls. 

•  The  record  supports  the  finding  that 
additional  engineering  control  technology 
and  improved  work  practices  can  further 
reduce  exposure  levels  in  this  subsector. 

These  controls  are  moderate  in  price 
and  can  reduce  exposures  by  60-80 
percent.  OSHA  estimates  that  20  percent 
of  all  firms  in  this  industry  could  lower 
existing  exposure  levels  through  the 
introduction  of  additional  engineering 
controls:  in  addition,  improved 
housekeeping  in  all  affected  firms  are 
expected  to  further  reduce  exposure 
levels. 

Figure  VIII-C34  illustrates  that  at  the 
60  percent  efficiency  level  about  80 
percent  of  employees  in  this  sector 
would  be  at  or  below  the  PEL  level  of  5 
pg/m3. 

Compliance  with  the  PEL  of  5  pg/m3 
may  require  the  use  of  respirators  during 
operations  where  cadmium  pigments  are 
used.  Such  respirator  use  would  be 
intermittent  following  the  introduction 
of  feasible  engineering  controls  and 
improved  work  practices. 

Costs  of  compliance  with  a  5  pg/m* 
PEL.  The  costs  of  compliance  include 
costs  for  additional  engineering  controls, 
increased  respirator  use,  more 
comprehensive  exposure  monitoring 
programs,  medical  surveillance 
requirements,  hygiene  provisions, 
information  and  training,  and 
recordkeeping  requirements.  The 
estimated  compliance  costs  represent 
the  incremental  costs  necessary  for 
achieving  compliance  with  the  final  rule 
from  a  baseline  of  current  practices; 
these  costs  do  not  include  current  or 
past  expenditures. 


JACA  provided  estimates  of  the  costs 
of  installing  new  or  improved  local 
exhaust  ventilation  systems.  In  current 
dollars,  the  costs  of  these  systems  range 
from  $51,000  to  $112,000.  Annual 
operating  and  maintenance  costs  were 
estimated  to  be  10  percent  of  the  capital 
cost.  [2.  table  6— lj.  JACA  projected  that 
new  or  improved  ventilation  systems 
could  be  installed  for  most  employees  in 
the  occupational  category  of  chemical 
mixer. 

PACE  provided  cost  estimates  for 
several  types  of  controls  in  its  analysis 
of  other  industries  that  would  be 
applicable  to  reducing  exposures  for 
formulators  [10].  Controls  included 
enclosure  and  back-draft  exhaust 
ventilation,  with  a  capital  cost  of  about 
$30,000  and  an  annual  cost  of  about 
$1,500.  Controls  at  another  operation 
included  improved  ventilation  and 
increased  wash  down  of  surfaces  to 
prevent  contaminant  accumulation;  the 
capital  cost  would  be  $25,000  and  the 
annual  cost  would  be  $4,000. 

Details  of  an  exposure  reduction 
program  recently  completed  by  a 
formulator  were  submitted  to  the  record 
by  a  trade  association  representing  the 
industry  [4,  p.  8J.  The  program  included 
improved  ventilation  systems  with  dust 
pick-up  booths  or  dust  pick-up  systems 
at  six  locations,  ranging  in  cost  from 
$1,200  to  $7,000,  and  a  central  vacuum 
system  costing  $18,000.  The  cost  of  the 
program  also  included  new  batch  mixing 
vessels  costing  $500,000.  While  no 
evidence  was  provided  indicating  the 
effectiveness  of  such  vessels'in  reducing 
exposures,  it  was  noted  that  “virtually 
all  the  plant  workers  would  have  to  be 
placed  in  respirators"  after  new  batch 
mixing  vessels  were  installed  in  order  to 
achieve  compliance  with  a  PEL  of  5  ug / 
m3  [4.  p.  8],  Since  new  mixing  vessels 
only  provide  a  marginal  reduction  in 
exposures  and  may  produce  significant 
economic  impacts  for  many  firms,  this 
measure  was  judged  to  be  impractical 
and  not  vital  to  controlling  the  problem. 

Estimated  costs  of  controls  for  two 
other  formulator  establishments  were 
provided  to  the  record  in  public 
comments.  At  one  establishment,  the 
installation  of  ventilated  work  stations 
incorporating  downdraft  airflow  was 
estimated  to  cost  $50,000;  the  cost  of  a 
pigment  blender  dust  collection  system 
was  estimated  to  be  $11,000; 
improvements  to  prevent  dust  escaping 
while  blending  would  cost  an  estimated 
$2,000;  a  new  pigment  storage/retrieval 
system  would  cost  $100,000;  and  the 
installation  of  a  feeder  on  an  extruder 
would  cost  $18,000.  At  the  second 
establishment,  the  installation  of  dust 
collector  and  ventilation  systems  in  two 
major  areas  would  cost  an  estimated  $1 


million;  the  replacement  of  pigment 
blenders  would  cost  $1.2  million;  a 
maBterbatch  feeder  would  cost  $125,000; 
pressurization  of  the  control  rooms 
would  cost  $50,000;  and  ventilation  of 
the  color  lab  would  cost  $50,000  [12}. 

OSHA  believes  that  compliance  with 
the  5  fig/m3  PEL  can  be  achieved 
without  the  significant  capital 
expenditures  for  engineering  controls, 
noted  above  by  the  second 
establishment. 

Descriptive  information  on  existing 
controls  for  formulators  using  cadmium 
pigments  was  available  for  three 
facilities.  Each  of  the  facilities  relied  on 
local  exhaust  ventilation  to  reduce 
exposure  levels  [4,  p.  9  and  9,  p.  5]. 
Personal  protective  equipment  and  other 
elements  of  a  comprehensive  industrial 
hygiene  program  were  also  utilized.  On 
the  basis  of  these  comments  it  is 
apparent  that  dry  color  formulators  can 
implement  engineering  controls.  No 
other  comments  to  the  record  indicated 
the  extent  to  which  formulators  have 
implemented  engineering  controls. 

OSHA  believes  that  opportunities  for 
implementing  additional  feasible 
controls  exist  at  many  establishments. 
The  preliminary  analysis  included  an 
assessment  of  existing  and  feasible 
additional  controls  for  workers  in  this 
industry.  Commentere  expressed 
concern  about  the  impact  of  the  rule  in 
this  industry.  They  did  not  challenge  the 
cost  estimates  presented  in  the 
preliminary  analysis,  but  emphasized 
that  the  costs  should  be  isolated  and 
carefully  evaluated  for  this  industry  [3, 

4, 13]. 

The  total  potential  cost  of  additional 
engineering  controls  for  the  industry  is 
based  on  an  estimate  that  20  percent  of 
the  firms  lack  appropriate  controls. 
These  plants  will  need  new  or  improved 
ventilation  systems,  more  sophisticated 
enclosures,  or  better  dust  control 
programs  including  vacuums.  The  prices 
for  these  controls  would  be  comparable 
to  those  estimated  for  other  industries 
[4. 12], 

On  average,  a  complete  local  exhaust 
ventilation  system  will  cost  an 
estimated  $80,000  plus  $8,000  in  annual 
costs;  a  central  vacuum  system  will  cost 
an  estimated  $15,000  plus  $8,000  in 
annual  operating  costs;  and  process 
enclosures  or  material  handling 
modifications  are  estimated  to  cost 
$9,000.  The  actual  controls  implemented 
would  vary  depending  on  the  particular 
circumstances  in  each  plant;  these 
estimates  are  intended  to  provide  a 
general  gauge  of  the  costs  involved. 

Since  plants  in  this  sector  are 
typically  small,  one  of  each  type  of 
control  referenced  above,  will  be 
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needed.  The  annualized  cost  for  the 
combination  would  be  approximately 
$33,000.  Assuming  80  percent  of  existing 
plants  currently  have  this  combination 
in  place,  controls  are  costed  only  for  the 
balance.  The  annualized  cost  of 
additional  controls  for  the  industry  is 
estimated  to  be  $4.62  million.  For  all 
plants  in  this  sector,  work  practice 
changes  involving  more  care  when 
handling  cadmium  can  be  made  at  no 
cost. 

According  to  comments  provided  by 
one  company  for  two  formulating 
facilities,  employees  are  currently 
provided  with  respiratory  protection 
when  working  in  areas  with  cadmium 
exposure  [9,  p.  5].  As  discussed  above, 
some  of  the  workers  in  this  industry 
would  probably  need  to  wear 
respirators  to  comply  with  the  5  pg/m3 
PEL.  In  order  to  estimate  the  cost  of 
compliance  with  the  revised  standard, 
OSHA  assumes  that  25  percent  of  the 
employees  do  not  wear  respirators  and 
would  need  to  be  provided  with  one. 
Using  a  cost  of  $300  per  employee  per 
year  [14,  Attachment  III,  p.  1],  the  total 
annual  cost  for  the  industry  would  be 
$525,000. 

Establishments  in  this  industry  would 
be  required  to  conduct  exposure 
monitoring  for  every  job  category  semi¬ 
annually.  A  large  facility  with  over  100 
employees  identified  three  job 
categories  affected  [9,  p.  5];  smaller 
plants  also  have  three  job  categories. 
Comments  about  exposure  levels  in  this 
industry  indicate  that  some  monitoring 
is  currently  being  done  [9,  p.  5  and  4,  p. 
9],  but  not  to  the  extent  required  by  the 
revised  standard.  OSHA  estimates  that 
about  25  percent  of  the  required 
monitoring  is  currently  being  conducted. 

The  costs  of  exposure  monitoring  are 
estimated  to  be  $40  per  sample  taken 
and  $1,500  annually  per  plant  for  the 
services  of  an  industrial  hygienist  or 
other  competent  person.  The  total  cost 
of  the  additiqnal  monitoring  required  by 
the  standard  is  estimated  to  be  $913,500 
[($1500+ $40*3*2}  *700*0.75]. 

Compliance  with  the  medical 
surveillance  requirements  would  require 
additional  costs.  In  the  preliminary 
analysis,  it  was  estimated  that  workers 
in  this  industry  are  being  provided  with 
annual  medical  exams,  and  the  evidence 
in  the  record  does  not  dispute  this 
conclusion.  Since  medical  exams  would 
only  be  required  every  two  years  by  the 
revised  standard,  this  requirement 
should  not  involve  added  costs. 

Employers  would  also  have  to  provide 
biological  monitoring  at  least  annually 
for  exposed  employees.  The  lab 
analyses  for  cadmium  in  blood  and 
urine  samples  are  estimated  to  cost  $60 
per  sample;  lab  analyses  would  cost 


about  $80  per  sample  for  fk- 
micrcglobulin  tests;  and  the  estimated 
costs  of  collection  are  $5  per  sample. 
Such  monitoring  may  be  necessary  for 
an  estimated  75  percent  of  the 
employees.  The  cost  of  providing  the 
basic  biological  monitoring  was 
increased  by  10  percent  to  include 
additional  medical  surveillance  that 
may  be  required  for  some  employees. 

The  total  annual  cost  of  biological 
monitoring  would  thus  be  about  $1,242 
million  [[$65+$65-f$85)*7000*0.75*l.l]. 

Provisions  for  medical  removal  are 
not  expected  to  have  significant 
compliance  costs  in  this  industry. 
Occupational  exposures  in  this  industry 
are  relatively  low  and  intermittent,  and 
no  employees  are  expected  to  meet  the 
criteria  for  mandatory  removal.  To 
allow  for  the  possibility  that  some 
employees  may  be  removed  on  the  basis 
of  a  physician’s  determination,  OSHA 
assumed  that  on  average  0.1  percent  of 
the  exposed  employees  would  be 
removed  annually.  With  an  average  cost 
per  removal  of  $5,000  associated  with 
removal  benefits  and  hiring  and  training 
costs,  the  total  annual  cost  to  the 
industry  would  be  about  $35,000. 

The  total  annual  cost  of  compliance 
with  the  medical  surveillance  provisions 
for  this  industry  is  estimated  at  $1277 
million. 

The  revised  provisions  for  hygiene 
facilities,  work  clothing,  and  information 
and  training  appear  to  be  complied  with, 
in  this  industry  [9,  p.  5].  Additional 
recordkeeping  requirements  are 
estimated  to  cost  about  $5  per  employee 
or  $35,000  for  the  industry. 

Table  VIII-C38  summarizes  the  costs 
of  compliance  for  the  dry  color 
formulator  industry.  The  total 
annualized  cost  is  an  estimated  $7,371 
million. 

Economic  feasibility  of  a  5  p.g/m3 
PEL.  Compliance  with  the  revised 
cadmium  standard  is  economically 
feasible  for  this  industry.  The  analyses 
of  technological  feasibility  and  costs 
presented  above  show  that  the  changes 
required  by  the  revised  rule  would  not 
involve  significant  adverse  impacts  for 
most  establishments. 

The  total  estimated  cost  of 
compliance  represents  a  small  percent 
of  industry  revenues.  One  company 
estimated  that  revenues  associated  with 
the  color  business  at  two  formulating 
facilities  with  a  combined  workforce  of 
over  180  employees  were  $25  million  [9, 
p.  13].  In  order  to  compare  revenues 
with  costs  on  an  industry-wide  basis, 
the  revenues  per  employee  at  this 
company  were  applied  to  the  total 
estimated  number  of  workers  in  the 
industry. 


Tasle  VIII-C38. — Estimated  Costs  Of 
Compliance  With  the  Revised  Cad- 


mium  Standard  For  the  Dry  Color 
Formulator  Industry 

Provision 

Annualized 

cost 

(Stbousandsi 

4,6200 

525.0 

Exposure  Monitor  tog . . 

913,5 

Medical  Surveillance . . 

1,277.0 

Recordkeeping  and  Inlormation  . 

35.0 

7,370.5 

Note:  Costs  do  not  iroude  current  expenditures. 
Source:  Office  of  Regulatory  Analysis,  OSHA,  U  S. 
Department  of  Labor 


Total  revenues  are  thus  estimated  to 
be  over  $900  million,  and  the  estimated 
compliance  costs  would  represent  less 
than  0.82  percent  of  revenues. 

Cadmium  pigments  are  essential  in 
many  applications.  Where  substitution 
is  possible,  a  reduction  in  quality  is 
likely  to  result.  Purchasers  of  custom 
formulated  colors  are  likely  to  value  the 
proximity  of  suppliers.  The  cost  of 
pigment  products  generally  constitutes  a 
minor  fraction  of  the  cost  of  final 
products.  Under  these  circumstances, 
the  formulator  industry  should  be  able 
to  recoup  compliance  costs  through  very 
small  increases  in  prices. 

The  slight  increase  in  prices  required 
to  offset  compliance  costs  should  not 
threaten  the  viability  of  the  formulator 
industry  or  produce  any  significant 
adverse  impacts  in  other  industries. 
Costs  of  compliance  will  vary  among 
establishments;  effects  on  individual 
firms  will  depend  on  the  type  of 
technology  used  and  the  extent  of 
existing  exposure  controls. 

As  in  most  industries,  competition 
may  limit  the  ability  of  some  producers 
to  raise  prices  to  fully  offset  increases  in 
production  costs.  As  a  result,  some  firms 
may  experience  a  reduction  in  profits. 
Since  the  compliance  costs  are 
relatively  modest  on  average,  the 
standard  is  not  expected  to  result  in 
plant  closures. 

Establishments  for  which  information 
is  available  in  the  record  (4,  8,  9, 12] 
appear  to  need  only  minimal  changes  to 
achieve  compliance  with  the  revised 
standard.  Some  additional  ventilation 
can  be  provided  at  emission  sources, 
dust  containment  and  collection 
equipment  can  be  introduced  or 
upgraded,  and  workers  can  be  provided 
with  personal  protective  equipment 
including  respirators  with  HEPA  filters, 
rubber  gloves,  and  laundered  uniforms. 
OSHA  concludes  that  workers  in  this 
industry  can  feasibly  be  protected  from 
exposure  to  5  pg/m3  levels  of  cadmium 
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with  an  appropriate  industrial  hygiene 
program  that  includes  the  intermittent 
use  of  respirators. 

Sources 

1.  Exhibit  19-40,  Dry  Color  Manufacturers' 
Association.  Comments  “Re:  Occupational 
Exposure  to  Cadmium,"  May  11. 1990. 

2.  Exhibit  13.  “Economic  Impact  Analysis  of 
the  Proposed  Revision  to  the  Cadmium 
Standard."  Final  Report  JACA  Corporation 
March  15, 1988. 

3.  Exhibit  120.  Dry  Color  Manufacturers' 
Association.  “Post-Hearing  Comments." 
October  It,  1990. 

4.  Exhibit  19-41,  Society  of  the  Plastics 
Industry,  lac.,  “Comments  of  the  Society  of 
the  Plastics  Industry.  Inc,"  May  11. 1990. 

5.  Hearing  transcript,  p.  5-45. 5-46,  and  5- 
47.  June  11. 1990. 
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li.  199a 

7.  Hearing  transcript  P  5-42  to  5-44.  June 
11. 1990. 
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Comments.  HETA  B4-230-1528  (1984).  and 
HETA  82-223-1340  (1983). 

9.  Exhibit  19-24,  Comments  from  Hoechst 
Celanese  Corporation.  May  7, 1990. 

10.  Exhibit  19-43,  Attachment  L. 

“Feasibility  and  Cost  Study  of  Engineering 
Controls  for  Cadmium  Exposure  Standard." 
PACE  Incorporated.  April  39 199a 

11.  Exhibit  19-43.  Attachment  L  "Economic 
and  Technological  Feasibility  of  a  5 
Microgram  per  Cubic  Meter  Workplace 
Standard  for  Airborne  Cadmium."  Putnam. 
Hayes.  &  Bartlett,  Inc..  April  30. 1990. 

12.  Exhibit  118,  Comments  from  Hoechst 
Celanese  Corporation.  October  5, 199a 

13.  Exhibit  19-50.  Comments  of  the  United 
States  Department  of  Commerce.  May  22. 

1990. 

14.  Exhibit  19-30.  Big  River  Zinc 
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Cadmium  Regulation."  May  10. 1990. 

Electric  Utilities 

Industry  overview.  Electric  utilities 
generate  and  distribute  electricity 
throughout  the  United  States.  About 
4.000  establishments  produce  over  2.5 
trillion  kilowatt-hours  of  electricity 
annually.  Over  half  of  the  energy  is 
produced  from  coal;  most  of  the 
remainder  is  produced  from  nuclear 
power,  hydropower,  gas.  and  oil. 

Production  processes.  Electric  utilities 
convert  energy  sources  into  electricity 
by  creating  mechanical  energy  which 
then  drives  electric  generators. 
Mechanical  energy  is  produced  by  an 
engine,  turbine,  water  wheel  or  similar 
machine,  depending  on  the  fuel  or 
energy  source  used.  Conventional  steam 
systems  produce  over  half  of  the  nations 
electricity:  nuclear  steam,  gas  turbines, 
hydropower,  and  internal  combustion 
engines  are  also  used. 

Employee  exposures.  Potential  worker 
exposure  to  cadmium  at  an  electric 
utility  has  two  principal  sources.  First, 
repair  and  maintenance  activities  often 


involve  welding,  soldering,  grinding,  and 
cutting  metals.  Small  quantities  of 
cadmium  may  be  released  during  these 
activities  from  cadmium-bearing  base 
metals,  cadmium-bearing  surface 
deposits,  welding  rods,  or  solders.  The 
second  source  is  fly  ash,  a  residue  of 
burned  coal  which  may  be  present  in 
and  around  negative  pressure  boilers.  (1, 
p.  3]. 

Employee  exposures  do  not  normally 
occur  during  ordinary  operating 
conditions  in  a  utility  plant.  Exposures 
generally  occur  during  intermittent 
inspection  or  maintenance  activities 
associated  with  electrostatic 
precipitators,  fly  ash  conveyance,  and 
boiler  outages.  (1.  p.  3]. 

According  to  the  Edison  Electric 
Institute  (EE1),  the  “most  comprehensive 
available  exposure  data  pertaining  to 
workers  at  electric  utilities  appear  to  be 
those  compiled  by  the  Tennessee  Valley 
Authority  representing  cadmium  fume 
exposures  recorded  between  1976  and 
1985"  (1.  p.  4].  These  data  show  that  45 
percent  of  the  workers  sampled  had 
exposures  of  1  ug/ms  or  less  as  an  eight- 
hour  time-weighted  average  (TWAB) 
and  that  92  percent  had  exposures  of  5 
pg/m3  TWA8  or  less.  [1.  p.  13].  There 
are  approximately  25,000  to  50.000 
workers  potentially  exposed  to  cadmium 
in  this  industry  sector. 

Occupational  titles  among  employees 
with  potential  cadmium  exposure 
include  welder,  boilermaker,  steamfitter. 
and  electrician  [3,  p.  2],  but  Mit  is  correct 
to  say  that  all  jobs  involved  welding  of 
some  sort.”  [2.  p.  4].  Comments  from  an 
electric  utility  confirmed  that  employees 
exposed  to  cadmium  were  “primarily 
welders  and  solderers**  [3.  p.  1]. 

A  health  hazard  evaluation  report 
conducted  by  NIOSH  at  a  power  plant 
in  Columbus,  Ohio  also  showed  that 
exposures  to  cadmium  are  generally  low 
and  intermittent.  Of  the  37  samples 
analyzed.  32  did  not  have  any 
detectable  quantities  of  cadmium.  Only 
one  sample  indicated  an  exposure  above 
7  pg/m*.  and  it  represented  work  on 
electrostatic  precipitators.  (4.  table  VI]. 

Existing  and  feasible  additional 
controls.  The  final  cadmium  standard 
requires  the  use  of  feasible  engineering 
and  work  practice  controls  as  primary 
methods  of  compliance  with  the  PEL.  In 
addition.  OSHA  recognizes  that 
respirators  may  be  a  necessary  means 
of  control  in  maintenance  and  repair 
activities  and  during  brief  or 
intermittent  operations. 

Activities  with  potential  cadmium 
exposure  in  the  electric  utility  industry 
may  be  amenable  to  engineering  and 
work  practice  controls  in  some 
situations.  For  example,  fly  ash  can  be 
washed  down  prior  to  boiler 


maintenance  activities,  and  fans  or 
other  ventilation  systems  can  be  used 
during  maintenance  operations.  (1,  p.  5]. 

Employees  with  potential  exposure  to 
cadmium  would  also  have  potential 
exposure  to  lead  and  arsenic  (1,  p.  9]. 
Existing  occupational  exposure 
standards  for  lead  and  arsenic  already 
require  feasible  engineering  controls  to 
be  used.  Due  to  the  nature  of  the 
activities  with  potential  exposure  and 
the  unpredictability  of  exposure  levels, 
the  use  of  respiratory  protection  may  be 
a  necessary  and  appropriate  means  of 
controlling  exposures  in  addition  to 
feasible  controls. 

Employees  performing  welding, 
soldering,  cutting,  and  maintenance  and 
repair  operations  in  this  industry 
currently  wear  respirators  to  comply 
with  the  arsenic  standards  [5,  p.  10-54]. 
In  such  circumstances,  the  use  of 
respirators  would  also  be  an  acceptable 
method  of  protection  from  cadmium 
exposure. 

Technological  feasibility  of  a  5  \xg/m% 
PEL  The  revised  cadmium  standard  is 
technologically  feasible  in  the  electric 
utility  industry.  Exposure  monitoring 
data  demonstrate  that  current  exposures 
are  below  the  PEL  for  almost  all 
employees.  A  representative  of  the 
industry  trade  association  testified  that 
the  technological  feasibility  of  the 
standard  was  not  contested  [5.  p.  10-30]. 

Costs  of  compliance  with  a  5  pg/m* 
PEL  Compliance  with  the  revised 
cadmium  standard  would  not  require 
additional  costs  for  engineering  controls 
or  respiratory  protection  in  this  industry. 
Employees  are  protected  from  exposures 
to  arsenic  and  lead  in  activities  with 
potential  cadmium  exposure;  no 
activities  were  identified  for  which 
protection  from  cadmium  exposure 
would  require  protection  in  addition  to 
that  necessary  for  exposure  to  lead  or 
arsenic.  Because  of  the  unpredictability 
of  the  work,  “in  most  instances  100 
percent  of  those  workers  *  *  *  would  be 
required  to  wear  respiratory  protection” 
at  some  point  in  time  (5,  p.  10-54]. 

Electric  utilities  currently  conduct 
exposure  monitoring  for  lead  and 
arsenic  as  required  by  the  existing 
standards.  Employees  with  potential 
exposure  to  cadmium  would  be  covered 
by  this  monitoring,  but  the  samples  may 
not  be  routinely  analyzed  for  cadmium. 
Each  plant  may  have  five  job  categories 
or  general  types  of  work  for  which 
representative  monitoring  would  be 
required  on  average.  At  a  cost  of  $40  per 
sample,  the  required  monitoring  would 
cost  $400  per  plant  and  $1.8  million 
annually  for  the  industry. 

Medical  surveillance  is  required  by 
existing  standards  for  employees  with 
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exposure  to  lead  and  arsenic.  Unlike  the 
proposed  cadmium  rule,  these  standards 
require  medical  surveillance  if  an 
employee  is  exposed  above  the  action 
level  more  than  30  days  in  a  year.  The 
revised  cadmium  rule  includes  a  similar 
provision,  requiring  medical  surveillance 
for  employees  exposed  above  the  action 
level  on  30  or  more  days  per  year.  This 
change  to  the  proposed  cadmium  rule 
should  make  the  medical  surveillance 
requirements  more  consistent  with  those 
in  the  lead  and  arsenic  standards.  . 

Employees  receiving  medical 
surveillance  under  the  lead  or  arsenic 
standards  are  given  annual  physical 
exams  [5,  p.  10-55].  These  exams  could 
also  satisfy  the  corresponding 
requirements  of  the  revised  cadmium 
standard.  The  cadmium  standard  also 
requires  some  additional  tests  that  may 
not  be  currently  provided.  Biological 
monitoring  for  cadmium  in  blood, 
cadmium  in  urine,  and  /32-microglobulin 
in  urine  would  be  required  at  least 
annually  for  employees  qualifying  for 
medical  surveillance.  The  estimated  cost 
for  one  set  of  these  tests  is  $200. 

Of  the  500,000  employees  comprising 
the  entire  work  force  in  the  electric 
utility  industry,  approximately  25,000  to 
50,000  have  potential  cadmium  exposure 
at  some  time  during  the  year  [5,  p.  10- 
23].  Under  an  exclusion  from  medical 
surveillance  of  employees  with  less  than 
30  days  of  exposure  above  the  action 
level,  about  90  to  95  percent  of  those 
employees  would  be  exempt  from  the 
biological  monitoring  requirements  [5,  p. 
10-32]. 

OSHA  estimates  that  the  equivalent 
of  about  3,000  employees  would  be 
given  biological  monitoring  annually  as 
required  by  the  revised  cadmium 
standard  (this  figure  includes  more 
frequent  tests  for  some  employees).  The 
total  annual  cost  to  the  industry  would 
be  $600,000.  Provisions  for  medical 
removal  are  not  expected  to  affect 
employees  in  this  industry  since 
exposures  are  relatively  low  and 
intermittent. 

Existing  requirements  for  arsenic  and 
lead  exposure  include  provisions  for 
adequate  hygiene  facilities,  regulated 
areas,  protective  clothing,  information, 
and  training.  The  requirements  of  the 
revised  cadmium  standard  should  not 
add  any  significant  burden  in  these 
areas.  Incremental  costs  and  additional 
recordkeeping  costs  would  be  an 
estimated  $5  per  exposed  employee 
annually.  The  estimated  annual  cost  for 
the  industry  would  be  $188,000. 

The  estimated  compliance  costs  for 
the  electric  utility  industry  are 
summarized  in  Table  VIU-C39.  Total 
annual  costs  of  compliance  are  an 
estimated  $2,388  million. 


Economic  feasibility  of  a  5  pg/m* 

PEL  The  revised  cadmium  standard 
with  a  PEL  of  5  pg/m3  is  economically 
feasible  for  the  electric  utility  industry. 
Testimony  from  the  industry  confirmed 
that  the  economic  feasibility  of  the 
standard  was  not  contested  [5,  p.  10-30]. 

Table  VIII-C39.— Estimated  Costs  of 
Compliance  With  the  Revised  Cad¬ 
mium  Standard  for  the  Electric 
Utility  Industry 


Provision 

Annualized 

cost 

(Sthou- 

sands) 

Exposure  control . 

0.0 

1,600.0 

600.0 

0.0 

1680 

Total . 

2,388.0 

Note:  Costs  do  not  include  current  ejmenditures. 
Source:  Office  of  Regulatory  Analysis.  OSKA,  U.S. 
Department  of  Labor. 


Operating  revenues  for  electric 
utilities  total  over  $140  billion;  total 
operating  income  exceeds  $20  billion. 
The  estimated  compliance  cost 
represents  less  than  one  five-hundredth 
of  one  percent  of  the  revenues  and 
about  one  hundredth  of  one  percent  of 
operating  income.  Compliance  with  the 
cadmium  standard  is  not  expected  to 
have  any  significant  impact  on  the 
demand  for  electricity,  on  prices,  on 
production,  or  on  installed  generating 
capacity. 

The  implementation  of  the  cadmium 
standard  would  not  involve  new 
programs  or  large  changes  in 
procedures.  The  employees  affected  by 
the  cadmium  standard  are  already 
covered  by  the  standards  for  lead  and 
arsenic.  An  electric  utility  company 
commented  that  the  standard  “is  quite 
similar  to  many  recent  standards 
(arsenic,  asbestos,  etc.)  in  the 
requirements  imposed  on  the  employer 
if  certain  exposure  limits  are  exceeded.” 
[3,  p.  1].  Compliance  with  the  revised 
cadmium  standard  would  generally 
involve  a  minor  expansion  of 
established  programs  for  exposure 
monitoring  and  medical  surveillance. 

Notes 

1.  Exhibit  9,  Attachment  A,  “Testimony  of 
James  B.  Lancour  for  the  Edison  Electric 
Institute,”  Jones,  Day,  Reavis  &  Pogue,  July 
10, 1990. 

2.  Exhibit  101,  "Edison  Electric  Institute 
Post-Hearing  Comments  Occupational 
Exposure  to  Cadmium  Proposed  Rule,” 
Edison  Electric  Institute,  September  18, 1990. 

3.  Exhibit  19-5,  ‘Tennessee  Valley 
Authority  Comments  Applicable  to  Proposed 
Rule  on  Safety  Standard  29  CFR 1910 


Occupational  Exposure  to  Cadmium,” 
Tennessee  Valley  Authority,  March  30, 1990. 

4.  Exhibit  19-26.  Attachment  17,  "Health 
Hazard  Evaluation  Report.  City  of  Columbus 
Refuse  Derived  Fuel  Power  Plant,  Columbus. 
Ohio,”  National  Institute  for  Occupational 
Safety  and  Health,  HETA  85-041-1709,  July 
1986. 

5.  Hearing  Transcript,  Thursday,  July  19, 
1990. 

Iron  and  Steel 

Industry  overview.  The  U.S.  iron  and 
steel  industry  consists  of  about  80 
companies  operating  over  120  facilities 
throughout  the  country  [1,  Attachment 
2a,  p.  1].  These  plants  produce  about  100 
million  net  tons  of  raw  steel  annually  [1, 
Attachment  4,  p.  1]  and  employ  over 
190,000  workers  [1,  Attachment  1,  p.  1]. 
Steel  is  produced  from  molten  iron,  of 
which  a  small  amount  is  also  cast  into 
solid  forms  to  produce  pig  iron  [1, 
Attachment  3,  p.  13]. 

Over  90  percent  of  steel  mill  products 
are  carbon  steel;  about  5  percent  are 
alloys  and  the  remainder  are  primarily 
stainless  steel  products.  Over  half  of  the 
products  by  weight  are  sheets  and  strip 
steel;  bars,  shapes,  plates,  piling,  and 
tool  steel  make  up  about  a  third  of  steel 
shipments;  and  other  products  include 
pipe  and  tubing,  tin  mill  products,  and 
wire  products.  (1,  Attachment  4,  p.  1]. 

Production  processes.  The  production 
of  iron  and  steel  begins  with  three  basic 
raw  materials:  iron  ore,  limestone,  and 
coal.  Each  of  these  materials  is 
processed  separately  before  being 
combined  in  a  blast  furnace. 

Iron  ore  is  crushed  and  further 
improved  in  one  of  several  different 
process  combinations  that  may  involve 
mills,  spiral  concentrators,  magnetic 
separators,  sintering  machines,  or  filters. 
Iron  ore  can  also  be  prepared  for 
steelmaking  directly  in  some  cases 
(bypassing  the  need  for  a  blast  furnace) 
through  direct  reduction. 

Limestone  is  crushed  and  converted 
into  lime  by  driving  off  carbon  dioxide 
in  either  vertical  or  rotary  lime  kilns. 
Lime  is  primarily  used  as  a  flux  in  blast 
furnaces  and  steelmaking  furnaces;  it 
also  has  applications  in  drawing  steel 
wire,  in  water  treatment,  and  in  acid 
neutralization. 

Coal  is  crushed,  sorted,  and  cleaned 
through  the  use  of  crushing  machines, 
cyclones,  washer  jigs,  and  dryers.  The 
cleaned  coal  is  fed  into  coke  ovens 
where  high  temperatures  drive  off  gases, 
oils,  and  tar,  which  are  made  into 
various  byproducts.  The  coke  ovens 
convert  coal  into  coke  which  is  porous, 
bums  uniformly,  and  retains  its  strength 
under  other  materials  in  a  blast  furnace. 

Iron  ore,  lime,  and  coke  are  charged 
into  the  top  of  a  blast  furnace.  Super- 
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heated  air  is  blown  upward  from  the 
bottom  of  the  furnace,  burning  the  coke. 
The  interaction  of  the  heat  and  gases 
removes  oxygen  from  the  iron  ore;  the 
lime  acts  as  a  cleansing  agent  Molten 
iron  collects  in  the  bottom  of  the  furnace 
and  is  drawn  off  as  a  white-hot  stream 
of  liquid  iron.  Most  of  the  liquid  iron  is 
transferred  to  steelmaking  furnaces,  but 
it  can  also  be  cast  into  solid  forms  and 
sold. 

Steel  can  be  produced  in  different 
types  of  furnaces.  In  the  United  States 
approximately  60  percent  of  the  steel  is 
produced  by  basic  oxygen  furnaces; 
over  35  percent  is  produced  in  electric 
arc  furnaces,  and  about  5  percent  is 
produced  in  open  hearth  furnaces.  In  an 
oxygen  furnace,  high  purity  oxygen  is 
blown  into  the  top  of  the  furnace  at 
supersonic  speed  (in  some  modified 
oxygen  furnaces,  oxygen  and  other 
gases  are  blown  in  from  the  bottom). 
Electric  arc  furnaces  use  electrodes  and 
open  hearth  furnaces  use  traditional 
open  hearths  to  heat  and  bum  the  raw 
materials. 

Steelmaking  furnaces  are  charged 
with  liquid  iron  from  blast  furnaces,  iron 
ore  from  direct  reduction,  scrap 
material,  lime  and  other  fluxes. 
Impurities  rise  into  a  floating  layer  of 
slag  which  can  be  poured  off.  Alloys  can 
be  added  to  the  furnace  or  combined 
with  the  steel  as  it  is  poured  from  the 
furnace  into  a  ladle.  The  molten  steel  is 
then  poured  into  molds  to  produce 
ingots  or  cast  into  slabs.  Ingots  and 
slabs  are  made  into  finished  products 
through  a  variety  of  operations  that 
shape  the  steel  into  strips,  bars,  plates, 
rods,  beams,  or  rails.  [1,  Attachments  3 
and  4]. 

Employee  exposures.  Cadmium  is 
present  only  as  a  trace  contaminant  in 
the  raw  materials  used  for  steelmaking 
and  is  not  used  in  the  manufacture  of 
steel  products.  Cadmium  has  a  boiling 
point  one  thousand  degrees  below  the 
temperature  needed  to  make  iron  and 
steel,  and  is  volatized  from  the  raw 
materials  as  they  are  melted.  Potential 
exposures  to  cadmium  may  occur  during 
furnace  operations,  welding  operations, 
and  other  activities  involving  dust  or 
fume  such  as  maintenance  work  on 
pollution  control  equipment. 

The  American  Iron  and  Steel  Institute 
(AISI)  submitted  exposure  monitoring 
data  for  steelmaking  operations  [1,  p.  4- 
9].  These  data  include  eight-hour  time- 
weighted  average  (TWA8)  personal 
samples  and  area  samples  and  are 
summarized  in  Table  VIII-C40.  The 
ranges  of  exposures  “are  representative 
of  the  steel  industry  data  and  reflect 
current  worker  exposures."  [1,  p.  10). 


Table  VIH-C40.— Cadmium  Exposure 


Data  for  Steelmakjng 
Based  on  AISI 

Operations 

Operation  and  occupation/area 

Exposure  range 
(pg/m^ 

Blast  furnaces: 

Keeper . . . 

0.01-0.04 

0.02-0.03 

0.03 

General  laborer . 

0.01 

0.00 

linn  Nmm ■ 

0.30 

0.50 

3.00 

0.03 

0.01-0.44 

0.01 

0.01 

0.23 

0.00-0.51 

MUM  III 

0.05 

0.90-1.00 

2.80 

1.30- 2.90 

1.30- 6.90 

0.20 

0.20-0.30 

0.20 

0.20 

0.00-6.00 

0.09-1.73 

■t**%*******pii  i  uni 

0.00-19.00 

0.20 

0.20-5.70 

0.00-0.20 

0.20 

Matter . . . 

0.20 

2.25 

0.60 

Elect  millwright . . 

Equipment  operator . 

0.14-0.40 

Welder . . . „ . 

0.04-0.40 

Pipefitter . . . 

0.20-0.40 

Metaiographist . 

3.00 

0.00-0.01 

0.12-0.50 

0.13-0.20 

0.00-0.07 

Casting: 

Repairman . . . 

1.00 

0.00-2.00 

Heloers . 

2.00 

2.00 

1.90 

0.06 

0.76 

1  Mold  ooerator . 

2.00 

2.00 

0.90 

2.00 

0.60-2.00 

2.00 

Millwright . . . „ . . 

Caster  heioer . _ . 

2.00 

m 

0.02-2.00 

1.13-4.00 

1.06 

Motor  Inaoector . 

0.20-2.00 

0.40-1.04 

0.20-2.00 

0.20-2.00 

0.20-22.00 

1.00-2.00 

1.00-2.00 

0.20-42.00 

0.30-2.06 

0.20-0  90 

020 

0.20-1.10 

0.90 

Table  VIII-C40.— Cadmium  Exposure 
Data  for  Steelmaking  Operations 
Based  on  AISI— Continued 


Operation  and  occupation/area 

Exposure  range 
(pg/nO 

Ingot  stripper  and  shopper - 

0.20 

2.40 

0.60-0.90 

66.00 

1.00 

BOF — Laborer . j 

370.00-510.00 

9.24 

10.06 

12.25 

Leaded  steelmaking: 

Charging  helper . 

11.34 

1.56 

5.50 

Welder . . 

2.07 

8.70-11.60 

2.60 

Merchant  mill  operator . 

0.00 

0.50 

Galvanizing: 

Welder . . . „... 

1.19 

•  “yout  welder . . . . 

1.19-1.50 

0.02 

0.00-0.02 

0.20 

0.20 

0.20 

Line  operator - — - ..... - 

Laborer . . . . . 

0.05-0.20 

0.20 

0.20 

0.05 

0.52 

Millwright  . 

0.02-0.03 

0.21 

0.50 

Electroplating  line.. . . 

0.20 

0.50 

0.50 

Hot  nail  galvanizing  operator . 

Sinter  plants: 

2.00 

0.50 

1.30 

0.30 

0.72-1.10 

Baghouse  attendant - - — 

0.60 

0.58 

Mild  steel  cutting: 

1.60 

1.60 

1.60 

Teme  operations: 

U-Man . 

0.00 

0.01 

0.06 

0.00 

0.04 

Equipment  tender . 

0.00 

1.94 

Bar  mill . 

0.00-0.15 

Source:  Exhibit  126,  AISI,  p.  4-9. 


Exposure  levels  during  open  hearth 
furnace  and  blast  furnace  operations 
were  less  than  0.6  pg/m*  for  all  workers 
except  for  maintenance  workers  who 
had  a  level  of  3.0  pg/ms.  In  basic  oxygen 
furnace  and  casting  operations,  only 
four  of  the  43  job  categories  or  areas 
listed  had  any  TWA8  exposure  levels 
above  3  pg/m*.  two  of  these  peaks 
involved  area  samples  taken  near  the 
furnace.  In  electric  arc  furnace 
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operations  the  highest  reported 
exposures  for  17  of  the  19  job  categories 
are  4  pg/m3  or  less.  During  galvanizing 
operations,  mild  steel  cutting,  teme 
operations,  and  in  sinter  plants  and  mill 
operations,  peak  exposure  levels  did  not 
exceed  2  pg/m3  TWA8  in  any  of  the  36 
job  categories  and  areas.  Exposures 
above  5  pg/m3  were  reported  for  a  few 
workers  during  leaded  steelmaking  and 
work  on  air  pollution  control  systems. 

Employee  exposures  in  the  steel 
industry  were  evaluated  by  JACA  based 
on  exposure  monitoring  data  from 
NIOSH  and  OSHA.  JACA  characterized 
exposures  for  several  occupations  in  the 
steel  industry,  including  furnace 
operators;  molding,  casting,  and  forging 
operators;  electroplaters;  mechanics  and 
maintenance  employees;  and 
millwrights.  Employees  in  these 
occupations  in  the  steel  industry  were 
considered  to  have  exposures 
consistently  below  5  pg/m3.  [2,  p.  3-28 
through  3-31,  Table  3-10,  and  Appendix 
CJ. 

AISI  claimed  that  the  NIOSH  and 
JACA  data  were  “not  representative’*  of 
current  exposures  and  expressed 
concern  that  OSHA's  preliminary 
conclusions  were  not  based  on  the  best 
available  information  [1,  p.  3].  The 
exposure  data  submitted  by  AISI  appear 
to  be  consistent  with  the  data  used  for 
the  preliminary  analysis  and  provide 
greater  detail  for  specific  types  of 
operations  in  the  steel  industry.  These 
data  provide  the  basis  for  OSHA’s 
revised  analysis. 

Existing  and  feasible  additional 
controls.  Steelmaking  operations  involve 
potential  exposures  to  many  hazardous 
substances  and  generate  many 
emissions  regulated  by  the 
Environmental  Protection  Agency  (EPA). 
Steelmaking  facilities  have  implemented 
and  improved  engineering  controls 
constantly  over  the  years  to  protect 
workers,  comply  with  environmental 
regulations,  and  improve  efficiency.  The 
“best  adequately  demonstrated 
technological  systems  of  continuous 
emission  reduction  controls  are 
currently  in  place  in  steel  making 
operations”  [1,  p.  2]. 

The  OSHA  lead  standard  requires  all 
feasible  engineering  controls  to  be 
implemented  to  reduce  lead  exposures, 
and  "[d]ue  to  the  association  of 
cadmium  with  lead"  [1,  p.  8]  any 
engineering  controls  required  by  the 
revised  cadmium  standard  should 
already  be  implemented.  Requirements 
for  engineering  controls  also  apply  to 
exposures  to  many  other  regulated 
substances  found  in  the  atmosphere  of 
steelmaking  plants.  Since  respirator  use 
is  common  in  the  steelmaking  industry, 
OSHA  assumed  that  engineering 


controls  have  been  implemented  to  the 
extent  feasible. 

AISI  confirmed  this  conclusion  and 
stated  that  “any  further  controls  must  be 
considered  technically  and/or 
economically  infeasible."  [1,  p.  10}. 

Recent  EPA  regulations  for  both  primary 
and  secondary  emissions  for 
steelmaking  operations  “required  the 
installation  and  use  of  the  best 
demonstrated  technological  system  of 
continuous  emission  reduction  in  new, 
modified,  or  reconstructed  facilities. 
Virtually  all  steelmaking  facilities  are 
subject  to  these  requirements."  [1,  p.  10]. 
AISI  dted  and  included  as  part  of  its 
comments  several  studies  of  major  steel 
operations  conducted  by  EPA  which 
describe  feasible  engineering  controls 
extensively  and  document  the  above 
conclusion  [1,  p.  11  and  Attachments  5  & 
6J. 

Technological  feasibility  of  a  5  pg/m 3 
PEL.  The  revised  cadmium  standard 
with  a  PEL  of  5  pg/m3  is  technologically 
feasible  for  the  iron  and  steel  industry. 
Current  data  submitted  by  industry 
demonstrate  that  employee  exposures 
are  consistently  less  than  5  pg/m3  in 
almost  all  job  categories. 

Exposures  may  exceed  the  PEL  in 
some  operations,  such  as  during  leaded 
steelmaking  or  work  on  pollution  control 
equipment.  Five  of  43  domestic  member 
companies  of  AISI  produce  leaded  steel 
[1,  p.  12],  and  exposed  employees  wear 
respirators  to  comply  with  the  current 
lead  standard  [1,  p.  8].  To  the  extent  that 
the  requirements  of  the  lead  standard 
are  being  met,  these  employees  are 
currently  protected  as  required  by  the 
relevant  provisions  of  the  final  cadmium 
standard.  Respiratory  protection  may 
also  be  appropriate  during  other 
intermittent  activities  in  which 
engineering  controls  are  insufficient  or 
infeasible,  such  as  maintenance 
activities  or  work  on  dust  collection 
systems. 

Costs  of  compliance  with  a  5  pg/m 3 
PEL  As  discussed  above,  the 
implementation  of  additional 
engineering  controls  would  generally  be 
infeasible  in  steelmaking  operations. 
Respiratory  protection  is  used  to  reduce 
employee  exposures  to  many  other 
hazardous  substances,  including  arsenic, 
lead,  chromium,  mercury,  chlorine,  and 
dozens  of  other  elements  or  compounds 
[1,  Attachment  5a,  p.  3-40  and 
Attachment  6,  p.  3-35].  Since  cadmium  is 
only  present  as  a  trace  contaminant, 
exposures  to  cadmium  would  occur 
concomitantly  with  exposures  to  other 
regulated  substances. 

Based  on  the  exposure  monitoring 
data  in  the  record,  existing  engineering 
controls  should  be  able  to  keep 
cadmium  exposures  below  5  pg/m3  for 


almost  all  employees.  In  addition,  many 
or  all  of  the  remaining  employees,  such 
as  those  involved  in  leaded  steel 
production  and  maintenance  activities, 
are  already  provided  with  respiratory 
protection  in  accordance  with  the 
requirements  of  the  revised  cadmium 
standard  [1,  p.  3  and  p.  8]. 

The  record  does  not  identify  any 
situations  for  which  it  is  demonstrated 
that  protection  from  cadmium  exposure 
would  require  measures  beyond  those 
already  provided.  Nevertheless,  OSHA 
recognizes  the  possibility  that  the 
cadmium  standard  may  require  the  use 
of  respiratory  protection  for  some 
employees  for  whom  respirators  would 
.otherwise  not  be  necessary. 

The  preliminary  analysis 
accompanying  the  proposed  cadmium 
standard,  based  on  estimates  provided 
by  JACA,  identified  about  40,000 
employees  in  the  iron  and  steel  industry 
potentially  exposed  to  cadmium.  This 
estimate  included  furnace  operators, 
molders,  casters,  electroplaters,  welders, 
maintenance  and  repair  workers,  and 
millwrights  [2,  p.  3-29  through  3-31  and 
Appendix  Cj. 

AISI  emphasized  that  the  data  relied 
upon  by  OSHA  were  relevant  to  steel 
operations  in  the  early  1980s  and  were 
"not  representative  of  current 
operations"  because  since  then  ”[t]he 
number  of  employees  and  job 
classifications  have  been  reduced  by 
more  than  57  percent."  [1,  p.  3].  AISI 
also  submitted  data  from  the  U.S. 
Department  of  Commerce  indicating  that 
the  total  number  of  production  workers 
in  1990  was  194,000  {1,  Attachment  1,  p. 
1]  and  testified  that  “[virtually  all 
employees  in  the  steelmaking  operations 
are  potentially  exposed."  [3,  p.  9-284]. 

For  purposes  of  estimating  compliance 
costs,  OSHA  concluded  that  190,000 
employees  may  be  potentially  exposed 
to  cadmium  and  that  for  all  but  40,000  of 
these  employees  the  exposure  would  be 
negligible.  The  exposure  profile  for  the 
preliminary  analysis  indicated  that 
about  10,000  employees  in  the  iron  and 
steel  industry  would  potentially  have 
exposures  above  5  fig/m3  [4,  p.  4092- 
4093].  The  exposure  data  from  AISI 
indicate  that  less  than  5  percent  of  the 
workforce  would  be  potentially  exposed 
above  5  pg/m3.  An  estimated  90  percent 
of  these  workers  would  already  be 
provided  with  respiratory  protection  due 
to  the  nature  of  the  work  and 
requirements  of  other  standards  [1,  p.  3]. 
Thus,  an  additional  1,000  workers  may 
need  to  wear  respirators  to  comply  with 
the  cadmium  rule.  The  estimated  annual 
incremental  cost  to  the  industry  would 
be  $300,000. 
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Employees  exposed  to  cadmium  in  the 
iron  and  steel  industry  are  also  exposed 
“to  other  substances  that  are  currently 
regulated  by  OSHA  substance-specific 
standards,  such  as  arsenic  and  lead 
[and]  a  number  of  others."  [3,  p.  9-287], 
As  a  result,  “companies  have  in  place 
medical  surveillance  programs  for 
workers  that  are  covered  by  these 
substances”  [3,  p.  9-287],  and  would 
also  be  conducting  exposure  monitoring 
for  these  substances.  The  incremental 
costs  of  compliance  with  the  revised 
cadmium  standard  would  involve  costs 
for  analyses  of  cadmium-specific 
biological  and  exposure  monitoring 
samples. 

The  monitoring  data  submitted  by 
AISI  suggests  that  employees  exposed 
below  the  PEL  would  generally  have 
exposures  below  the  action  level  as 
well.  In  addition,  many  employees 
would  only  be  intermittently  exposed 
above  the  action  level  and  may  fall 
outside  of  the  coverage  of  the  medical 
surveillance  provisions  [3,  p.  9-288].  The 
number  of  employees  for  whom  annual 
monitoring  may  be  required  is  estimated 
to  be  less  than  5,000;  however,  more 
frequent  monitoring  may  be  required  for 
a  few  of  these  employees.  An  estimated 
5,000  sets  of  biological  monitoring  tests 
would  be  necessary  each  year  for  full 
compliance. 

The  analysis  of  one  set  of  samples  for 
cadmium  in  urine,  cadmium  in  blood, 
and  /Js-microglobulin  in  urine  would 
cost  an  estimated  $200.  The  total  annual 
cost  for  the  industry  would  be  $1 
million.  Employees  in  this  industry  are 
not  expected  to  be  affected  by  the 
requirements  for  medical  removal  since 
occupational  exposures  are  relatively 
low  and  intermittent. 

Analyses  for  cadmium  of  exposure 
monitoring  samples  may  be  necessary 
on  a  regular  basis  for  an  average  of  ten 
job  categories  per  facility.  Samples 
would  be  analyzed  for  each  of  three 
shifts  every  six  months  at  about  120 
facilities,  and  each  analysis  would  cost 
about  $40.  The  total  annual  cost  for  the 
industry  would  be  $288,000.  This 
estimate  may  include  some  current 
expenditures  for  cadmium  monitoring; 
the  potential  overestimate  may  be  offset 
by  potential  costs  for  collecting 
additional  samples. 

Hygiene  facilities  and  related 
practices  required  by  the  cadmium 
standard  (including  work  clothing)  and 
provisions  concerning  information  and 
training  in  the  cadmium  standard  are 
similar  to  corresponding  requirements  in 
existing  standards  for  lead  and  arsenic. 
Employees  exposed  to  cadmium  are  also 
potentially  exposed  to  lead  or  arsenic  [3, 
p.  9-288).  According  to  AISI,  appropriate 
hygiene  facilities  “are  provided  in  all 


leaded  steel  production  areas.”  [1,  p.  12]. 
Exposures  above  the  PELs  for  lead  or 
arsenic  may  also  occur  during  some 
activities  in  any  steel  plant  (e.g., 
maintenance,  cleaning,  or  repair  of 
baghouses,  electrostatic  precipitators, 
waste  gas  systems,  eta);  hygiene 
facilities  and  practices  are  already 
required  for  these  employees. 

Estimated  additional  costs  for 
recordkeeping  are  $5  per  employee 
annually.  The  total  estimated  industry 
cost  for  the  10,000  affected  employees 
would  be  $50,000  annually. 

Estimated  compliance  costs  for  the 
iron  and  steel  industry  are  summarized 
in  Table  VIH-C41.  The  total  estimated 
cost  is  $1.64  million  annually. 

Economic  feasibility  of  a  5  ng/m3 
PEL  The  revised  cadmium  standard 
with  a  PEL  of  5  pg/m*  is  economically 
feasible  for  the  iron  and  steel  industry. 

Table  V1II-C41 Estimated  Costs  of 
Compliance  with  the  Revised  Cadmi¬ 
um  Standard  for  the  Iron  and 
Steel  Industry 


Provisiop 

Annualized 

cost 

((thousands) 

Exposure  control . . 

0.0 

Respirator  use . . . . 

300.0 

288.0 

Medical  surveillance.  . 

1,000.0 

0.0 

Recordkeeping  and  information . 

50.0 

Total . 

1,638.0 

Note;  Costs  do  not  include  current  eroenditures. 
Source:  Office  of  Regulatory  Analysis,  OSHA,  US. 
Department  of  Labor. 


Compliance  with  the  rule  does  not 
threaten  the  dislocation  of  firms  or  the 
competitive  structure  of  the  industry. 

The  U.S.  Department  of  Commerce 
reported  that  in  1989  the  value  of  blast 
furnace  and  basic  steel  industry 
shipments  exceeded  $64  billion  [5,  p.  1- 
20].  The  ratio  of  the  estimated 
compliance  cost  to  the  value  of 
shipments  is  less  than  0.00003. 
Compliance  with  the  revised  cadmium 
standard  should  not  have  any  significant 
effect  on  total  revenues,  shipments,  or 
employment 

New  capital  expenditures  for  the  blast 
furnace  and  basic  steel  industry  were 
over  $3  billion  in  1989,  an  increase  of 
about  33  percent  over  1988  [5,  p.  1-51]. 
Strong  prospects  for  continuing  future 
profitability  are  expected  for  this 
industry.  Expectations  of  profits  would 
hardly  be  affected  by  the  cadmium 
standard:  labor  costs  are  about  $12.4 
billion  annually  [5,  p.  1-33],  and  the 
estimated  compliance  cost  represents  an 
increase  in  labor  costs  of  less  than  0.014 
percent 


The  iron  and  steel  industry  is  subject 
to  environmental  and  other  regulations 
that  impose  costs  far  greater  than  the 
cadmium  standard.  EPA  estimated  that 
annualized  costs  of  compliance  for  the 
steel  industry  for  a  new  emissions 
standard  were  over  $34  million  (1981 
dollars)  [1,  p.  11  and  1,  Attachment  5a,  p. 
8-17].  Additional  expenses  are  incurred 
for  compliance  with  other  regulations, 
including  occupational  exposure  to  lead 
and  arsenic.  The  cadmium  standard 
represents  a  minimal  increase  in  total 
regulatory  burden  and  involves 
provisions  consistent  with  requirements 
imposed  by  existing  regulations. 

The  costs  of  compliance  have  not  and 
will  not  threaten  the  existence  of  the 
industry,  reduce  its  competitiveness,  or 
cause  its  contraction.  From  1984  through 
1989  (the  latest  year  for  which  data  are 
available),  the  percentage  of  imports  of 
steel  mill  products  purchased  in  the 
United  States  decreased  steadily  from 
26.4  percent  to  17.9  percent.  In  the  same 
period,  exports  of  steel  mill  products 
from  the  United  States  increased  by  470 
percent  from  less  than  one  million  tons 
to  4.6  million  tons.  Revenues  from 
exports  were  over  $2.7  billion  in  1989.  [1. 
Attachment  4,  p.  1].  The  cadmium 
standard  is  not  expected  to  affect  the 
competitive  position  of  the  industry. 

Notes 

1.  Exhibit  128,  "RE:  Cadmium  in 

Steelmaking — OSHA  Docket  No.  H- 
057a,"  American  Iron  and  Steel  Institute, 
Washington,  D.C.,  October  17, 1990. 

2.  Exhibit  13,  "Economic  Impact  Analysis  of 

the  Proposed  Revision  to  the  Cadmium 
Standard,"  Final  Report,  JACA 
Corporation,  March  15, 1988. 

3.  Hearing  Transcript,  Wednesday,  July  18. 

1990. 

4.  Occupational  Exposure  to  Cadmium, 

Proposed  Rule,  Occupational  Safety  and 
Health  Administration,  Federal  Register 
Volume  55,  Number  25,  February  6, 1990. 

5.  U.S.  Department  of  Commerce,  Bureau  of 

the  Census.  1989  Annual  Survey  of 
Manufacturers,  Economics  and  Statistics 
Administration,  June,  1991. 

General  Industry,  Except  Establishments 
Included  Above 

Industry  overview.  Potential 
exposures  to  cadmium  may  occur  in 
many  different  industries  which  use 
cadmium  or  products  containing 
cadmium  as  part  of  their  operations. 
Activities  which  produce  concentrations 
of  dust  or  fume  may  cause  employee 
exposures  if  cadmium  is  a  component  of 
the  materials  involved. 

JACA  Corporation  reviewed 
occupations  in  each  industry  and 
compiled  a  list  of  industries  and 
occupations  which  involve  relevant 
activities  and  potential  exposure  to 
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cadmium  [1,  p.  C-4  through  C-10].  JACA 
identified  occupations  in  industries  with 
specific  uses  for  cadmium  or  cadmium 
compounds  in  production  processes,  and 
occupations  in  industries  that  are  not 
directly  associated  with  cadmium  but 
may  involve  incidental  exposure  in  the 
use  of  products  containing  cadmium. 

The  chemical  properties  of  cadmium 
lead  to  its  usefulness  in  several  diverse 
areas.  JACA  described  a  variety  of 
industrial  applications  for  cadmium, 
including  the  use  of  cadmium  in  alloys 
[1,  p.  2-57].  The  principal  alloys  which 
use  cadmium  are  zinc,  lead,  and  copper 
alloys;  cadmium  may  also  be  used  for 
silver  and  tin  alloys. 

Copper-cadmium  alloys  typically 
contain  0.8  to  1.2  percent  cadmium.  This 
small  amount  of  cadmium  doubles  the 
strength  of  the  alloy  and  reduces  its 
electrical  conductivity  by  only  10 
percent,  making  the  alloy  ideal  for 
overhead  conductors  for  trains  and  for 
use  in  multi-strand  conductors.  The 
mechanical  properties  of  rolled,  drawn, 
and  extruded  zinc  can  be  improved  with 
0.05  to  0.10  percent  cadmium  in  the 
alloy.  Lead  alloys  and  solders  may 
contain  cadmium  for  its  strengthening 
properties  and  low  melting  temperature. 
Cadmium  may  also  be  added  to  silver 
and  gold  alloys  for  the  production  of 
jewelry. 

New  materials  used  in  the  production 
of  photovoltaic  cells  include  copper 
indium  diselenide,  gallium  arsenide,  and 
cadmium  telluride.  Electrical  contacts 
made  with  cadmium  compounds  have 
high  tensile  strength  and  are  corrosion 
resistant;  they  are  used  in  heavy  duty 
applications  such  as  relays,  switches, 
and  thermostats.  Cadmium  also  has 
applications  in  the  production 
phosphors  in  television  picture  tubes, 
photographic  equipment,  and  lighting, 
and  in  catalysts  for  the  production  of 
esters.  Cadmium-based  control  elements 
are  used  in  some  nuclear  reactors. 
Cadmium  compounds  may  be  used  in 
the  production  of  phosphatic  fertilizers, 
fungicides,  and  other  chemicals.  JACA 
identified  many  other  industries,  ranging 


from  semiconductors  to  refuse  systems, 
where  materials  containing  cadmium 
may  be  present.  [1,  p.  2-11,  2-68,  3-28, 
and  C-4  through  C-10]. 

The  U.S.  Department  of  Commerce 
provided  a  consumption  analysis  of 
cadmium  that  showed  how  much 
cadmium  was  used  for  the  output  of 
each  industry  [2,  Attachment  A],  An 
accompanying  input-output  matrix 
showed  how  much  cadmium  each 
industry  supplied  to  other  industries  as 
inputs  for  the  production  of  final  goods 
[2,  Attachment  BJ.  The  industries 
identified  in  these  tables  generally 
parallel  the  JACA  exposure  profile, 
except  that  JACA  identified  a  wider 
range  of  potentially  affected  industries. 
The  Department  of  Commerce 
consumption  analysis  may  not 
accurately  portray  employee  exposures 
because  products  can  be  assembled 
with  cadmium-containing  parts  without 
resulting  in  cadmium  exposure. 
Alternatively,  as  recognized  by  JACA 
and  discussed  above,  cadmium 
exposures  are  possible  in  industries  not 
listed  on  the  input-output  tables.  In 
order  to  ensure  a  complete  and  full 
analysis  of  the  impact  of  the  revised 
cadmium  standard,  OSHA  considered 
all  industries  identified  by  JACA  and 
the  Department  of  Commerce  as 
potentially  affected  by  the  new 
requirements  and  included  each  in  the 
revised  analysis. 

NIOSH  provided  data  to  the  record 
from  the  National  Occupational 
Exposure  Survey  (NOES)  [3,  Attachment 
lj.  The  NOES  data  was  collected  during 
the  period  1981  to  1983  from  a  sample  of 
4,490  businesses  and  was  designed  to 
characterize  employee  exposures  to 
chemicals  by  occupation  and  industry. 
The  list  of  industries  with  potential 
cadmium  exposures  identified  by 
NIOSH  is  generally  consistent  with  that 
compiled  by  JACA  and  also  includes 
some  additional  sectors.  OSHA  added 
the  industries  identified  by  NIOSH  to 
those  identified  by  JACA  and  the 
Department  of  Commerce  to  create  a 


combined  and  complete  list  of 
potentially  affected  industries. 

Several  commenters  criticized  JACA 
and  the  preliminary  analysis  for  not 
including  all  affected  industries. 
However,  OSHA  found  that  often  the 
industries  listed  to  support  such  claims 
had  been  previously  identified  by  JACA 
and  were  covered  by  the  preliminary 
analysis.  For  example,  one  commenter 
stated  that  the  "analysis  of  the  proposed 
regulation  is  incomplete.  Not  included  in 
your  analysis  are  industries  such  as 
specialty  alloy  foundries,  cadmium  use 
in  brazing,  babbitt  metal  production, 
cadmium  vapor  lighting,  photoelectric 
cell  production,  and  the  production  of 
cadmium-based  chemicals."  [4,  p.  1]. 
Many  employees  in  these  industries 
were  included  in  the  exposure  profile 
developed  by  JACA  and  used  for  the 
preliminary  analysis  [1,  p.  2-57  through 
2-59,  p.  3-28  through  3-32,  and  p.  C-4 
through  C-10].  The  revised  analysis 
includes  all  industries  identified  in  the 
record  as  potentially  affected. 

Table  VUI-C42  presents  a  complete 
list  of  the  industries  potentially  affected 
by  the  revised  standard.  The  table  also 
shows  which  industries  were  identified 
by  JACA,  the  Department  of  Commerce, 
and  NIOSH. 

Production  processes.  JACA 
evaluated  the  specific  activities 
involving  cadmium  in  each  industry  and 
determined  which  processes  and 
occupations  would  be  potentially 
affected.  JACA  also  assessed  the  nature 
of  exposures  in  each  case  and 
categorized  occupations  by  the  type  of 
work  performed  and  by  the  degree  of 
exposure.  [1]. 

Comments  and  evidence  submitted  to 
the  record  in  response  to  the  proposed 
rule  confirmed  the  potential  for 
cadmium  exposures  in  many  processes 
identified  preliminarily.  As  discussed 
above,  information  was  also  provided 
by  some  commenters  which  enabled  a 
more  detailed  and  comprehensive 
analysis  to  be  developed  for  the  final 
rule. 


Table  VIII-C42.— Industries  Potentially  Affected  by  the  Revised  Cadmium  Standard 


SIC  Code 


Industry  title 


JACAO 


Identified  by 
DOC  (1 


NIOSH  O 
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Table  VIH-C42— Industries  Potentially  Affected  by  the  Reviseo  Cadmium  Standard— Continued 


'Exhibit  13,  JACA  Corporation,  p.  C-4  through  C-10. 

’Exhibit  19-50,  U  S.  Department  of  Commerce,  Attachment  B. 
’Exhibit  106,  NIOSH.  Attachment  1. 


Employees  In  each  industry  were 
classified  into  different  occupational 
categories  depending  on  their  job  and  on 
their  exposure  profile.  A  sufficient 
number  of  occupational  categories  was 
defined  to  ensure  that  occupations  in 
each  industry  were  provided  with  a 
representative  exposure  profile.  The 
classification  of  occupations  was 
consistent  with  the  standard  concepts 
and  descriptions  presented  in  the 
Dictionary  of  Occupational  Titles  (DOT) 
[5], 

In  addition  to  the  occupations 
included  in  the  industry  sectors 
analyzed  in  the  preceding  sections, 
employees  in  general  industry  were 
classified  into  the  ten  occupational 
categories  described  below. 

Chemical  mixers  may  be  exposed  to 
dust  generated  when  adding  compounds 
to  a  chemical  or  mechanical  mixing 
operation,  tending  mixing  equipment,  or 
operating  machines  to  crush,  grind, 
polish,  and  blend  a  variety  of  materials. 
Employees  may  be  exposed  to  cadmium- 
based  plastic  stabilizers,  cadmium- 
based  pigments,  compounds  used  for 
metallic  coatings,  compounds  used  in 
the  production  of  fungicides,  and  other 
cadmium  compounds.  [1,  p.  3-28]. 
Applicable  titles  listed  in  the  DOT 
include  chemical  mixer,  chemical 
operator,  chemical  compounder, 
chemical  milling  processor,  and 
chemical  preparer. 

Electroplaters  are  employed  in  several 
industries  that  perform  electroplating  as 
part  of  their  manufacturing  operations. 
These  employees  include  plating  and 
coating  machine  setters,  operators,  and 
tenders  who  provide  protective  or 


decorative  surfaces  for  metals  and  other 
materials.  Because  electroplating  is  a 
wet  process,  employees  are  generally 
only  exposed  for  short  periods  while 
measuring  and  adding  dry  cadmium¬ 
bearing  powder  to  the  plating  tank.  (1,  p. 
3-28]. 

Furnace  operators  and  molders  may 
be  exposed  to  cadmium  fumes  released 
by  molten  metal  during  smelting, 
refining,  molding,  casting,  and  forging 
operations.  Employees  engaged  in  these 
activities  include  forging  machine 
operators;  metal  molding,  coremaking, 
and  casting  machine  operators; 
operators  'of  melting  and  refining 
furnaces;  and  metal  pourers  and  casters. 
[1.  p.  3-29].  Specific  job  titles  listed  in 
the  DOT  include  furnace  operator, 
charger,  helper,  loader,  tender,  and 
worker;  molder,  molder  machine  tender, 
molder  operator;  and  mold  checker, 
clamper,  closer,  dresser,  maker,  setter, 
stamper,  worker,  filler,  and  finisher. 

Kiln  or  kettle  operators  may  be 
exposed  to  cadmium  compounds  in 
chemical  conversions,  or  while  heating 
materials  with  glazes,  paints,  or  other 
coatings  which  may  contain  cadmium. 
Employees  in  this  category  operate 
kilns,  kettles,  ovens,  or  furnaces  for 
annealing,  roasting,  or  converting 
processes.  Employees  may  have 
occupational  titles  such  as  kiln  operator, 
burner,  feeder,  firer,  loader,  helper,  or 
worker  oven  tender  and  kettle 
operator,  tender,  or  worker. 

Heat  treaters  may  be  exposed  to 
cadmium  fumes  when  heating  metals 
coated  with  or  containing  cadmium. 
These  employees  set  up,  operate,  and 
tend  flame-hardening  machines. 


electronic  induction  machines,  furnaces, 
and  baths  to  harden,  anneal,  and  heat 
treat  metal  products  or  metal  parts. 

Equipment  cleaners  may  be  exposed 
to  cadmium  when  cleaning  equipment 
contaminated  with  dusts  containing 
cadmium  or  cadmium  compounds. 
Industrial  cleaners  and  cleaner 
operators  would  also  be  included  in  this 
category.  Exposures  may  occur  while 
cleaning  baghouses,  electrostatic 
precipitators,  process  equipment  and 
process  areas. 

Metal  machine  operators  may  be 
exposed  to  cadmium  generated  while 
grinding  or  forming  metals  bearing 
cadmium  as  a  component  or  as  part  of  a 
coating.  Employees  engaged  in  these 
activities  include  machinists;  grinders; 
filers;  sharpeners;  lapping  and  buffing 
machine  tool  operators;  operators  of 
machines  that  roll  steel  or  plastic 
material  to  form  bends,  beads,  knurls,  or 
plate,  or  to  flatten,  temper,  or  reduce  the 
gauge  of  material;  workers  who  set  up 
and  operate  magnetic  or  other  controlled 
machine  tools  that  automatically  mill, 
drill,  broach,  or  ream  metal  parts;  and 
general  metal  machining  or  metal 
working  occupations. 

Painters  may  be  exposed  to  cadmium 
contained  in  paints  or  metal  sprays 
during  spray  painting  or  nonelectrolytic 
metal  coating.  Activities  included  in  this 
category  are  coating  machine  operation; 
painting  and  spraying  machine 
operation;  operation  of  nonelectrolytic 
plating  and  coating  machines  such  as 
hot  dip  lines  and  metal  spraying 
machines  to  coat  metal,  plastic,  and 
other  materials  with  metal;  and  painting, 
coating,  and  decorating  a  wide  variety 
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of  manufactured  items  using  hand  tools 
or  hand  held  power  tools. 

Repair  and  utility  workers  may  be 
exposed  to  cadmium  during  repair  or 
maintenance  activities  and  work  on 
industrial  equipment.  These  employees 
would  include  millwrights  who 
dismantle,  move,  and  install  machinery 
and  heavy  equipment;  general  utility 
repairers  performing  a  variety  of 
maintenance  tasks;  automotive  and 
motorcycle  mechanics;  automotive  body 
repairers;  aircraft  mechanics  and  engine 
specialists;  farm  equipment  mechanics; 
mechanics  who  repair  mobile  heavy 
equipment  such  as  cranes,  bulldozers, 
graders,  and  conveyors;  rail  car 
repairers;  electricians;  plumbers; 
pipefitters;  steamfitters;  and 
boilermakers  who  construct,  assemble, 
maintain,  and  repair  steam  boilers  and 
boilerhouse  auxiliaries. 

Welders,  brazers,  and  solderers  may 
be  exposed  to  cadmium  fumes  released 
from  cadmium-bearing  base  metals, 
brazing  rods,  or  solders.  This  category 
includes  employees  operating  welding, 
brazing,  or  soldering  machines  and 
employees  performing  such  work  with 


hand  tools.  Workers  engaged  in  this 
type  of  work  include  structural  steel . 
workers  who  raise,  place,  and  unite 
girders,  columns,  and  other  components; 
metal  pattern  makers  who  lay  out, 
machine,  assemble,  and  fit  pattern  parts; 
metal  fabricators  who  make  and 
assemble  sheet  metal  products  and 
equipment  or  other  metal  products  such 
as  frameworks  or  shells  for  machinery, 
ovens,  tanks,  stacks,  buildings,  and 
bridges;  precision  assemblers  of 
products  such  as  machinery,  aircraft, 
elecirical,  or  electronic  equipment;  other 
machine,  electrical,  or  electronic 
assemblers;  employees  who  use  welding 
and  fiamecutting  equipment  such  as  arc 
welders,  gas  welders,  and  gas  torches  to 
join,  cut,  trim,  and  scarf  metal 
components;  and  solderers  and  brazars 
who  join  metal  parts  or  fill  holes, 
indentations,  and  seams  of  fabricated 
metal  products. 

Table  VUI-C43  shows  the  estimated 
number  of  employees  in  each 
occupational  category  for  each  industry. 
This  table  summarizes  the  best 
available  information  regarding 
production  processes,  occupations,  and 


numbers  of  employees  potentially 
affected,  as  provided  by  the  record. 

The  compilation  of  the  data  in  Table 
VI11-C43  from  evidence  in  the  record  did 
not  involve  significant  conflicts  of 
information.  Industries,  occupations,  or 
processes  identified  by  any  source  were 
included.  Those  included  in  the 
preliminary  analysis  and  receiving  no 
comments  were  also  included  in  the 
final  analysis.  None  of  the  comments  in 
response  to  the  proposed  rule  or  other 
comments  argued  that  a  previously 
identified  industry,  process,  or 
occupation  should  be  excluded. 

Employee  exposures.  Estimated 
employee  exposures  in  the  occupational 
categories  described  above  were 
presented  in  the  preliminary  analysis  [8. 
p.  II— 37;  and  7,  p.  4092].  These  data, 
compiled  by  JACA  Corporation  [1],  were 
based  on  NIOSH  and  OSHA  exposure 
monitoring  results  from  over  2,400 
samples  analyzed  for  cadmium.  Table 
VIU-C44  summarizes  these  data, 
showing  the  geometric  mean,  the 
median,  and  the  range  of  exposures  for 
each  occupational  category. 


Table  VIII-C43. —  Employees  Potentially  Exposed  to  C a 


[Excluding  Sectors  Covered  I 


Textile  m*l  products - 

Apparel _ 

Furniture _ 

Paper  products _ _ 

Printing  and  publishing . 

Inorganic  chemicals _ _ 

Plastics  and  Synthetics _ 

Drugs - 

Paints  &  allied  products _ 

Organic  chemicals _ 

Agricultural  chemicals _ 

Miscellaneous  chemicals  ..... 

Petroleum  refining _ 

Rubber  &  plastic  prod. _ 

Leather  products . . 

Flat  glass - 

Glassware - 

Structural  day  products . . 

Pottery  products _ 

Concrete  products . 

Stone  products _ 

Mineral  products. . . 

AHoy  products . . . 

Steel  wiredrawing . . . 

Cold-rotted  steel _ _ 

Steel  pipe  and  tubes _ 

Iron  and  steel  foundries _ 

Primary  nonferrous  metals.... 
Secondary  nonferrous  mbs... 

Nonferrous  rolling,  etc. . „ 

Nonferrous  foundries _ 

Misc  primary  metal . . 

Metal  shipping  containers _ 

Hand  tools  &  hardware _ 

Heabng  &  plumbing  equip.... 

Fabricated  struct  metal _ 

Screws,  etc _ _ _ 

Forgings  &  stampings . 

Coating  and  engraving  . . 

Ordnance _ _ _ 

Misc.  fabr.  metal  prod. . . 

Engines  and  turbines _ 

Farm  and  garden  machinery 

Construction  machinery . 

Metalworking  machinery . 

Special  machinery . . . 

General  machinery _ _ 

Computer  &  office  equip. _ 

Refrig.  &  service  mach _ 

Miscellaneous  machinery . 

Elea  transmission  equip . 

Electrical  apparatus . 

Household  appliances _ 

Lighting  and  winng . . 

Audio  &  video  equip _ _ 

Communications  equip _ 

Electronic  components . 


Chemical 

Mixers 


Furnace  Klln/kettle 

operators  operators 


i  Cadmium  in  General  Industry  by  Occupation 
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red  Elsewhere] 
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Table  VIII-C44.— Cadmium  Exposure 
Data  for  General  Industry  Occu¬ 
pations  Based  on  JACA 


Concentration  In  pg /m* 

Job  category 

Geometric 

mean 

MecSan 

Range 

Oemical 
mixer . 

2.7  I 

5.0 

0.1-710.0 

Electroplates 

0.6 

1.0 

0.1-26.0 

Furnace 
operator . 

01 

0.1 

0.1-530  0 

Kiln/ Kettle 
operator . 

05 

03 

0.1-100 

Table  VIII-C44.— Cadmium  Exposure 
Data  for  General  Industry  Occu¬ 
pations  Based  on  JACA— Continued 


Concentration  in  ^g/m3 

Job  category 

Geometric 

mean 

Median 

Range 

Heat  treater.... 

26 

6.5 

01-1000 

Equipment 
cteare* . 

2.0 

30 

01-34.5 

Metal 

machm*r>g  ... 

13 

20 

0.1-470.0 

Pa«rrter . . 

04 

0.1 

0.1-1 .700.0 

Repair/Utility.. 

2.0 

3.0 

0.1-271  0 

Table  VIH-C44— Cadmium  Exposure 
Data  for  General  Industry  Occu¬ 
pations  Based  on  JACA— Continued 


Concentration  in  ^g/m3 


Job  category 

Geometric 

mean 

Median 

Range 

W  elder. 

brazer. 

soKJerer . 

0.3 

0.1 

0.1-3,4000 

Source:  Exhibit  13.  JACA.  Table  3-10 


Table  VHI-C45  — Frequency  Distribution  of  Occupational  Exposure  Observations 


[In  percent] 


Range  of  exposure  observations  I^g/m3] 


Occupation 

0-5 

6-9 

10-19 

20-29 

30-49 

50-99 

100+ 

Chemical  mixers..  . 

51 

11 

6 

e 

7 

7 

9 

86 

0 

4 

11 

0 

0 

0 

Furnace  operators. . . . - 

91 

•  2 

1 

1 

1 

2 

1 

Kiln/kettie  operators . 

e7 

7 

7 

0 

0 

0 

0 

i-ieal  tre3ters . . .  - . 

50 

0 

17 

0 

17 

0 

17 

Equipment  cleaners . . . 

63 

0 

13 

0 

4 

0 

0 

Metal  machine  operators _ _ 

63 

4 

9 

7 

7 

5 

6 

Fairiers . . . .  . 

77 

2 

3 

1 

3 

4 

10 

57 

10 

6 

10 

6 

3 

9 

Welders,  biazers,  solder ers _ _ _ _ 

68 

3 

2 

1 

1 

3 

2 

Source:  Office  ot  Regulatory  Analysis,  OSHA,  based  on  JACA  II] 


Table  V111-C45  presents  the  estimated 
frequency  distribution  of  exposures  for 
each  of  the  occupational  categories. 

Comments  and  evidence  submitted  to 
the  record  in  response  to  the  proposed 
rule  were  generally  consistent  with  the 
characterization  of  exposures  presented 
for  the  occupational  categories.  Some 
industry  representatives  argued  that  due 
to  unique  circumstances  specific  to  their 
industry  it  was  inappropriate  to  include 
employee?  from  their  industry  in  the 
occupational  categories.  In  response  to 
these  concerns,  employee  exposures  in 
the  dry  color  formulator  industry,  the 
electric  utility  industry,  the  iron  and 
steel  industry,  and  the  construction 
industry  are  excluded  from  the 
occupational  categories  in  the  revised 
analysis  and  are  analyzed  separately. 

Evidence  specific  to  the  remaining 
industries  was  generally  consistent  with 
and  confirmed  the  representativeness  of 
the  preliminary  exposure  profiles  for  the 
relevant  occupational  categories. 
Employee  exposures  are  generally 
similar  within  occupations  across  all 
industry  groups. 

Several  commenters  emphasized  that 
employees  in  certain  occupational 
categories  have  potential  exposures  to 
cadmium  in  specific  circumstances  that 
should  not  be  overlooked.  For  example, 
the  brass  mill  industry,  the  copper 
refining  industry,  copper  and  brass 


fabricators,  silver  alloying  facilities,  and 
aluminum  casting  operations  may 
involve  metal  machining  and  furnace 
activities  with  cadmium  exposures  |8,  9, 
10, 11, 12]. 

Exposure  levels  can  be  expected  to 
vary  among  establishments  as  well  as 
across  shifts  for  individual  operations. 
Variation  in  exposures  and  the 
possibility  of  higher  exposures  in  certain 
activities  were  included  in  the  frequency 
distribution  of  cadmium  exposure 
observations  for  the  occupational 
categories.  The  preliminary  analysis 
showed  that  of  the  83,000  metal  machine 
operators  and  furnace  operators 
potentially  exposed  to  cadmium,  over 
16,000  may  be  exposed  to  levels  above 
20  pg/m3  [7,  Table  VII1-B]. 

OSHA  believes  that  the  exposure 
profiles  in  the  revised  analysis 
adequately  reflect  the  extent  of 
cadmium  exposures  in  the  occupations 
and  include  circumstances  identified  by 
commenters  across  industry. 

Existing  and  feasible  additional 
controls.  Occupational  exposures  to 
cadmium  can  be  controlled  with  a 
number  of  conventional  technologies 
that  are  commonly  known,  readily 
available,  and  currently  used  in  many 
industries.  OSHA  does  not  specify 
which  controls  must  be  implemented. 
Rather,  OSHA  allows  the  employer  to 
choose  a  combination  of  control 


methods  that  is  best  suited  to  the 
particular  characteristics  of  the  work 
place.  Industry  may  also  devise 
additional  ways  to  successfully  control 
exposure  levels. 

JACA  described  several  controls 
applicable  for  reducing  cadmium 
exposures  |1,  p.  4-3  et  seq.J.  Local 
exhaust  ventilation  systems  can  be 
applied  at  a  wide  variety  of  emissions 
sources  by  designing  hoods  for  the  close 
capture  of  dusts  or  fumes.  Such  systems 
can  be  highly  effective  in  reducing 
employee  exposures  because  potential 
contaminants  may  be  captured  at  the 
point  of  generation. 

Another  basic  type  of  engineering 
control  is  process  enclosure.  Enclosure 
may  consist  of  sealed  paneling  or  covers 
for  equipment,  or  may  involve  more 
sophisticated  strategies.  For  example,  an 
enclosed  screw  conveyor  may  be  an 
effective  alternative  to  manually 
transferring  materia]  in  some  operations. 
In  addition  to  enclosure,  or  in  operations 
for  which  enclosure  is  not  an  amenable 
strategy,  separation  and  isolation  of  the 
process  may  provide  an  effective 
sdution  for  reducing  cadmium 
exposures  among  employees. 

Improvements  in  work  practices  may 
aid  in  significantly  reducing  the 
generation  of  airborne  cadmium  and  in 
ensuring  that  employees  ere  not 


Federal  Register  /  VoL  57,  No.  178  /  Monday.  September  14.  1992  /  Rules  and  Regulations  42317 


unnecessarily  exposed  to  elevated 
concentrations.  Cadmium  exposures  for 
maintenance  workers  may  be  reduced 
through  additional  cleanup  of  equipment 
and  surrounding  areas  prior  to 
maintenance  and  repair  operations. 

Principles  of  controlling  occupational 
exposure  to  cadmium  were  described  by 
NIOSH  [13.  p.  11  et  seq.].  The  system  of 
control  measures  outlined  by  NIOSH 
provides  a  flexible  and  reliable 
approach  applicable  to  establishments 
in  all  industries.  NIOSH  recommends 
the  selection  of  a  control  strategy  as  a 
critically  important  first  step.  A  careful 
application  of  a  system  of  controls  is 
usually  required  to  adequately  control 
cadmium  exposures.  This  would  include 
measures  applied  to  the  hazard  source, 
to  the  general  work  environment,  at  or 
near  the  employees  potentially  exposed, 
and  other  measures  for  hazard  control. 

Specific  measures  listed  by  NIOSH 
that  should  be  considered  include 
substitution  of  materials,  process 
modification  or  substitution,  equipment 
selection  and  modification  for 
containment,  wet  processing,  isolation 
of  the  source  and  automation  of 
operations,  local  exhaust  ventilation, 
work  practices  to  maintain  containment 
and  control  effectiveness,  dilution 
ventilation,  room  air  cleaning  devices, 
housekeeping  and  other  work  practices, 
personal  hygiene,  isolation  of  workers  in 


booths  or  cabs,  personal  protective 
equipment  management  commitment  to 
controlling  exposures,  work  place  and 
process  monitoring  systems  with 
feedback,  training  for  workers  and 
supervisors,  and  preventive 
maintenance  of  equipment  and  controls^ 

Descriptions  of  controls  were  also 
provided  for  the  record  by  other 
commenters  (9, 10, 12, 16,  and  others). 
Different  controls  are  available  for 
many  diverse  operations  and  generally 
provide  examples  of  achieving  exposure 
reductions  according  to  the  basic 
principles  outlined  by  NIOSH.  Controls 
with  applications  in  a  wide  variety  of 
industries  include  clean  air  islands, 
glove  boxes,  and  equipment  for 
handling,  dumping,  and  packaging 
materials. 

Technological  feasibility  of  a  5  fig/m* 
PEL  Compliance  with  the  final  cadmium 
standard  is  considered  technologically 
feasible  in  each  of  the  affected 
industries.  This  determination  is  based 
on  and  is  consistent  with  the  evidence  in 
the  record,  the  criteria  established  by 
the  courts  in  applicable  case  law,  and 
the  understanding  of  technological 
feasibility  developed  through  OSHA 
policy  (see,  for  example,  OSHA’s 
statement  of  reasons  made  in  response 
to  the  U.S.  Court  of  Appeals  regarding 
the  final  rule  on  occupational  exposure 
to  lead  [14]). 


OSHA  recognizes  that  in  some 
operations  employee  exposures  may  not 
be  consistently  controllable  to  below  S 
pg/m*  with  engineering  and  work 
practice  controls  alone.  Respirators  are 
permitted  to  supplement  feasible 
engineering  and  work  practice  controls 
and  are  capable  of  providing  sufficient 
protection  for  all  employees  as  required 
by  the  revised  standard. 

The  typical  firm  in  each  of  the 
industries  considered  in  this  section 
should  be  able  to  achieve  levels  below  S 
fig/m3  for  most  employees  most  of  the 
time.  As  shown  in  Table  VII1-C44, 
geometric  mean  exposures  in  all  of  the 
occupations  are  less  than  3  p g/m*. 
Furthermore,  as  shown  in  Table  VIII- 
C48,  the  total  number  of  potentially 
affected  employees  in  each  industry  is 
less  than  13%  of  the  work  force  in  each 
industry.  In  all  but  four  industries  the 
proportion  of  affected  workers  was  less 
than  8%.  The  record  did  not  contain 
evidence  demonstrating  that  any 
establishment  would  not  be  able  to 
achieve  the  PEL  for  most  of  its 
employees. 

Compliance  with  the  revised  cadmium 
standard  is  technologically  feasible.  The 
standard  requires  engineering  and  work 
practice  controls  to  be  implemented  to 
the  extent  feasible.  Respirators  can  be 
used  to  provide  necessary  protection  as 
required  by  the  standard. 


Table  VIII-C46. — Ratio  of  Potentially  Affected  Employees  to  Total  Employment  by  Industry 


Industry 


Potential  ty 
exposed 
employees  (A) 

Total  industry 
employees  (0) 

Ratio  of  A/8 

411 

675.000 

0.001 

201 

1.039.800 

0.000 

1,232 

483,600 

0003 

195 

693.000 

0.000 

1.600 

1.523.600 

0.001 

195 

137.800 

0.001 

870 

178.100 

0.005 

50 

247,900 

0.000 

4,724 

59.100 

o.oeo 

2.533 

153,500 

0.017 

2.507 

55,800 

0045 

1,024 

98,600 

0.010 

607 

161,200 

0.005 

11,133 

866,000 

0.013 

902 

122,500 

0.007 

666 

15.700 

0.042 

2.929 

61.800 

0.036 

2.423 

32.500 

0.075 

174 

36,500 

0.005 

624 

196,200 

0.003 

200 

34.000 

0.006 

899 

76.300 

0.012 

488 

14.100 

0.035 

500 

11.300  ! 

0.044 

37 

14,900 

0.002 

400 

24.200 

0.017 

10,808 

125,200 

0.086 

1,800 

44,600 

0.040 

750 

17,000 

0.044 

3,135 

167,600 

0.019 

10,022 

61,000 

0.124 

285 

25,000 

0.011 

140 

48,700 

0.003 
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Table  VIII-C46. — Ratio  of  Potentially  Affected  Employees  to  Total  Employment  by  Industry— Continued 


Industry 

Potentially 
exposed 
employees  (A) 

Total  Industry 
employees  (B)  j 

R-tio  Of  A/B 

2,781 

122,600 

0.023 

1,186 

58,300 

0.020 

17.065 

412,000 

0.041 

868 

90,500 

0.010 

612 

218,600 

0.003 

200 

116,600 

0  002 

265 

69,700 

0.004 

9,071 

229,200 

0.040 

3,036 

88,900 

0.034 

199 

97,600 

0.002 

10,453 

212,400 

0.049 

16,127 

308,600 

0.052 

6,533 

146,800 

0.045 

11,633 

238,700 

0.049 

1,600 

414,500 

0.004 

14,180 

19,615 

166,700 

0.085 

297,900 

0.066 

6,388 

91,300 

0.070 

12,460 

159,500 

0.078 

7,586 

121,800 

0.062 

13,266 

177,100 

0.075 

3,021 

80,100 

0.038 

17,886 

246,200 

0.073 

15,412 

350 

542,900 

0.028 

164,400 

0.002 

18,032 

807,400 

0.022 

2,776 

641,500 

0.004 

7,907 

174,600 

0.045 

1,458 

30,600 

0.048 

359 

165,200 

0.002 

119 

40,900 

0.003 

67 

257,100 

0.000 

216 

305,500 

0.001 

337 

254,200 

100,000 

0.001 

669 

0.007 

173 

9,900 

0.017 

79 

52,900 

0.001 

16 

12,100 

0.001 

1,004 

105,500 

0.010 

50 

32,100 

31,600 

0.002 

29 

0.001 

2,749 

23 

136.800 
230,500 

1,667,000 

750,900 

887.800 

0.020 

0.000 

586 

0.000 

52,147 

2,474 

0.069 

0.003 

149 

231,200 

165.300 

130.300 

0.001 

1,213 

5,204 

690 

0.007 

0.040 

3,493,000 

2,572,000 

2,054.000 

526,400 

382,800 

3,676,100 

0.000 

3,080 

538 

0.001 

0.000 

3,194 

3,494 

277 

0.006 

0.009 

0.000 

Totals . 

365,566 

32,342,400 

0.011 

Source:  Table  VIII-C43  and  “Employment  and  Earnings,"  Bureau  of  Labor  Statistics,  November  1991. 


Several  comments  submitted  to  the 
record  expressed  concern  about  the 
technological  feasibility  of  the  standard. 
Often  the  concern  was  based  on  the 
misconception  that  OSHA  had  assumed 
the  PEL  could  be  achieved  with 
engineering  controls  for  all  employees  in 
all  circumstances.  The  revised  standard 
requires  controls  to  be  implemented  to 
the  extent  feasible  but  is  not  based  on 
the  assumption  that  the  PEL  will  be 
achieved  through  engineering  controls  in 
all  operations. 


Based  on  evidence  and  comments  in 
the  record.  OSHA  concluded  that 
respirator  use  would  probably  be 
necessary  in  some  situations.  These  may 
occur  in  the  production  of  cadmium 
alloys,  in  processes  using  powdered 
cadmium-bearing  materials,  and  in 
activities  producing  fumes  from 
substances  containing  cadmium. 

Costs  of  compliance  with  a  5  \ig/m3 
PEL.  Costs  of  compliance  for 
establishments  affected  by  the  revised 
cadmium  standard  include  costs  for 
engineering  controls,  respiratory 


protection,  protective  clothing,  exposure 
monitoring,  medical  surveillance, 
hygiene  facilities,  information  and 
training,  and  recordkeeping.  Costs  for 
each  of  these  elements  are  estimated  by 
industry. 

In  evaluating  compliance  costs  for 
each  industry,  OSHA  considered  the 
number  of  employees  potentially 
exposed  in  each  industry,  the  respective 
occupations  represented,  and  the  nature 
of  exposures  in  the  industry.  The  extent 
and  degree  of  exposure  among  the 
affected  employees  was  determined 
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based  on  information  in  the  record  for 
specific  industries. 

In  response  to  concerns  of  several 
commenters.  the  revised  analysis 
presents  estimated  compliance  costs  for 
each  industry  affected.  Variations  in 
compliance  costs  between  industries 
were  primarily  due  to  the  numbers  of 
affected  employees  and  the  mix  of 
occupations  represented. 

Engineering  controls  are  available  for 
reducing  most  of  the  exposures  in  the 
affected  occupations.  In  some 
applications,  employers  may  be  able  to 
eliminate  cadmium  exposure  through 
substitution  of  products.  Such 
alternatives  may  be  feasible  for  some 
uses  of  cadmium  pigments,  cadmium 
stabilizers,  cadmium  plating,  and 
cadmium  alloys  [1, 17, 18].  Improved 
work  practices  can  significantly  reduce 
exposures  by  preventing  the 
unnecessary  generation  or  inhalation  of 
airborne  cadmium  and  by  increasing 
employees’  awareness  of  potential 
hazards.  General  dilution  ventilation 
and  local  exhaust  ventilation  are 
effective  means  of  reducing  exposures 
and  are  adaptable  to  a  wide  variety  of 
circumstances. 

The  installation  of  a  new  ventilation 
system  would  have  an  estimated  capital 
cost  of  $80,000  and  an  annual  operating 
cost  of  $8,000.  Controls  such  as 
enclosures  and  glove  boxes  may  have 
estimated  capital  costs  of  about  $9,000. 
Some  establishments  may  also  install 
other  feasible  controls  instead  of  those 
specified  depending  on  the 
circumstances  involved.  The  estimated 
costs  of  compliance  would  be  expected 
to  be  similar.  [1, 16]. 

Exposures  for  most  chemical  mixers 
may  be  controlled  with  local  exhaust 
ventilation  systems.  Such  systems 
would  be  applicable  in  about  75  percent 
of  the  situations  in  which  exposures 
need  to  be  reduced  [19].  New  controls 
would  be  necessary  for  reducing 
exposures  for  an  estimated  40  percent  of 
the  total  number  of  chemical  mixers, 
and  on  average  one  control  would  be 
sufficient  for  every  10  employees  [6,  p. 
V-13].  Additional  engineering  controls 
would  not  be  required  for  employees 
with  exposures  below  the  action  level, 
in  operations  for  which  engineering 
controls  are  infeasible,  or  in  operations 
for  which  feasible  controls  have  already 
been  implemented.  After  the 
implementation  of  feasible  additional 
controls,  exposures  for  an  estimated  30 
percent  of  the  chemical  mixers  may 
exceed  the  action  level,  and  20  percent 
would  exceed  the  PEL.  For  these  latter 
employees  respirators  would  be 
required. 

The  number  of  engineering  controls 
required  for  chemical  mixers  in  each 


industry  was  thus  calculated  as  N*0.40/ 
10,  where  N  is  the  number  of  chemical 
mixers  potentially  exposed  in  the 
industry.  The  annualized  cost  of 
engineering  controls  for  the  chemical 
mixers  in  each  industry  would  be 
(N*0.40/l0)*$21,020. 

Electroplater  exposures  may  be 
reduced  with  ventilation  systems  and 
use  of  a  glove  box.  Electroplating 
facilities  are  generally  provided  with 
adequate  ventilation  systems,  but  some 
may  require  new  or  improved  glove 
boxes  to  better  control  exposures.  A 
new  glove  box  would  have  an  estimated 
capital  cost  of  $9,000,  an  annualized  cost 
of  about  $1,465,  and  would  be  sufficient 
for  about  10  affected  employees  on 
average.  The  exposure  data  indicate 
that  the  additional  protection  would  be 
necessary  for  about  20  percent  of  the 
electroplaters.  The  annualized  cost  of 
engineering  controls  for  electroplaters  in 
each  industry  would  thus  be  (N*0.20/ 
10)*$1,465,  where  N  represents  the 
number  of  electroplaters  in  each 
industry.  After  the  implementation  of 
feasible  controls,  an  estimated  10 
percent  of  the  electroplaters  may  have 
exposures  above  the  action  level.  Five 
percent  may  have  exposures  above  the 
PEL  and  would  be  required  to  wear 
respirators. 

Feasible  engineering  controls  for 
furnace  operators  include  local  exhaust 
ventilation  systems  and  furnace 
enclosures.  It  is  expected  that  furnace 
operations  already  utilize  feasible 
ventilation  systems.  Use  of  additional 
enclosures  or  furnace  covers  may  be 
feasible  to  reduce  exposures  for  about 
30  percent  of  the  furnace  operators.  (The 
percent  of  employees  and 
establishments  requiring  additional 
controls  is  greater  than  that  indicated  by 
the  full-time  equivalent  percentage  of 
employees  exposed  above  the  PEL 
because  controls  may  be  required 
regardless  of  intermittency  of  exposure.) 
Each  control  would  reduce  exposures 
for  about  ten  employees  on  average.  The 
annualized  cost  of  engineering  controls 
for  furnace  operators  in  each  industry 
would  be  (N*0.30/l0)*$l,485. 

Exposures  for  furnace  operators 
should  generally  be  below  the  action 
level  after  the  implementation  of 
feasible  controls.  However,  some 
furnace  operations  may  involve  melts 
that  contain  a  significant  percentage  of 
cadmium.  As  a  result,  employees  may 
be  exposed  to  concentrations  in  excess 
of  the  PEL  [10].  OSHA  estimates  that 
after  the  implementation  of  additional 
controls  up  to  15  percent  of  the  affected 
furnace  operators  would  have  exposures 
above  the  action  level.  About  10  percent 
of  the  employees  may  also  have 


exposures  above  the  PEL  and  would  be 
required  to  wear  respirators. 

Kiln  and  kettle  operators  affected  by 
the  revised  standard  would  need  to  be 
protected  with  feasible  controls  that 
may  include  local  exhaust  ventilation 
systems  and  enclosures.  This  set  of 
additional  controls  would  need  to  be 
provided  for  about  30  percent  of  these 
employees,  with  one  set  of  controls 
sufficient  for  10  employees  on  average. 
(The  percent  of  employees  and 
establishments  requiring  add[)ional 
controls  is  greater  than  that  indicated  by 
the  full-time  equivalent  percentage  of 
employees  exposed  above  the  PEL 
because  controls  may  be  required 
regardless  of  intermittency  of  exposure.) 
The  capital  cost  for  the  combination  of 
controls  would  be  $89,000,  and  the 
annual  costs  would  be  $8,000.  The 
annualized  cost  for  each  industry  would 
be  (N  *0.30/ 10)  *$22,485.  Resulting 
exposures  should  be  below  the  action 
level  for  almost  all  employees.  About  5 
percent  of  the  kiln  and  kettle  operators 
may  face  unique  circumstances  or  work 
with  relatively  high  concentrations  of 
cadmium;  exposures  for  these 
employees  may  exceed  both  the  action 
level  and  the  PEL 

Exposures  for  heat  treaters  may  not 
be  reducible  with  additional  feasible 
controls.  OSHA  estimates  that  about  70 
percent  of  the  affected  employees  would 
be  exposed  above  the  action  level,  and 
that  about  50  percent  of  the  affected 
employees  would  be  required  to  wear 
respirators. 

Equipment  cleaners  may  have 
exposures  for  which  engineering 
controls  are  often  not  feasible.  It  is 
estimated  that  about  50  percent  of  the 
affected  employees  would  be  exposed 
above  the  action  level;  approximately  20 
percent  of  the  employees  may  also  be 
required  to  use  respiratory  protection. 

Feasible  additional  engineering 
controls  consisting  of  new  or  improved 
local  exhaust  ventilation  systems  may 
reduce  exposures  associated  with  metal 
machining.  Such  controls  would  be 
applicable  in  about  60  percent  of  the 
situations  in  which  exposures  need  to  be 
reduced  [19].  Additional  controls  would 
be  necessary  for  about  30  percent  of  the 
total  number  of  metal  machinists 
potentially  exposed.  The  controls  should 
be  sufficient  for  an  average  of  ten 
employees  each.  The  annualized  cost 
would  be  (N*0.30/10)*21.020.  Resulting 
exposures  should  be  below  the  action 
level  for  85  percent  of  the  affected 
employees.  Approximately  15  percent  of 
the  employees  may  be  engaged  in  metal 
machining  activities  that  involve 
elevated  concentrations  of  cadmium  and 
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produce  exposures  which  require  the 
use  of  respiratory  protection. 

Painters  affected  by  the  revised 
standard  are  expected  to  be  protected 
by  feasible  engineering  controls  already 
due  to  the  presence  of  other  potentially 
hazardous  substances.  Most  painters 
with  significant  exposure  would  also 
already  be  provided  with  respiratory 
protection.  OSHA  estimates  that  about 
30  percent  of  the  affected  painters 
would  be  exposed  above  the  action 
level.  Compliance  with  the  cadmium 
standard  may  require  additional 
respirator  use  for  about  10  percent  of  the 
affected  employees. 

Exposures  for  repair  and  utility 
workers  may  not  be  amenable  to 
additional  feasible  controls  in  most 
situations.  However,  some  activities 
conducted  routinely  and  continually  in 
one  location  may  be  controlled  with 
local  exhaust  ventilation  systems.  New 
or  improved  ventilation  systems  may  be 
necessary  for  an  estimated  5  percent  of 
the  affected  employees,  and  on  average 
each  system  would  be  sufficient  for  ten 
employees.  Additional  controls  would 
not  be  required  for  employees  with 
exposures  below  the  action  level,  in 
operations  for  which  engineering 
controls  are  infeasible,  or  in  operations 
for  which  feasible  controls  have  already 
been  implemented.  The  engineering 
controls  would  have  an  estimated 
capital  cost  of  $80,000  and  an  annual 
cost  of  $8,000.  The  annualized  cost  of 
engineering  controls  for  these  employees 
would  be  (N*0.05/10)*$21,020. 

Employees  engaged  in  repair  and 
utility  operations  would  be  exposed  to 
cadmium  for  an  average  of  one  fifth  of 
the  work  days  [7,  p.  4098,  Table  VIH-D], 
and  exposures  for  most  of  these 
employees  would  be  below  the  action 
level.  In  addition,  the  intermittency  and 
relatively  low  levels  of  exposure  may 
exempt  many  employees  from  medical 
surveillance  and  other  provisions.  After 
the  implementation  of  feasible  controls, 
and  with  the  necessary  adjustment  to 
reflect  the  nature  of  the  exposures,  an 
estimated  20  percent  of  the  affected 
employees  would  be  considered 
exposed  above  the  action  level,  and 
additional  respirator  use  may  be 
required  for  about  7  percent  of  the 
affected  employees. 

For  welders,  brazers,  and  solderers 
exposures  are  generally  below  the 
action  level,  but  exposures  above  the 
PEL  may  occur  if  the  materials  involved 
contain  significant  concentrations  of 
cadmium.  Some  employers  may  choose 
to  substitute  materials  that  do  not 
contain  cadmium,  and  some  employees 
may  already  be  adequately  protected. 
The  implementation  of  additional 
engineering  controls,  beyond  those 


already  used,  is  not  expected  to  be 
feasible.  An  estimated  10  percent  of  the 
affected  employees  may  have  exposures 
above  the  action  level.  These  employees 
may  also  be  required  to  wear 
respiratory  protection  to  avoid  potential 
exposures  above  the  PEL. 

The  estimated  cost  of  additional 
respiratory  protection  in  each  industry 
was  based  on  the  estimated  number  and 
percent  of  employees  in  each  occupation 
for  which  respirators  would  be  required. 
Providing  respiratory  protection  was 
estimated  to  cost  about  $300  per 
employee  per  year  [20,  Attachment  III]. 

The  revised  standard  would  also 
require  protective  clothing  to  be 
provided  for  employees  exposed  above 
the  PEL.  The  cost  of  such  clothing  would 
be  an  estimated  $104  per  employee 
annually  [20,  Attachment  III].  The 
estimated  total  annual  cost  for  each 
industry  was  calculated  by  multiplying 
the  annual  unit  cost  by  the  total  number 
of  employees  exposed  above  the  PEL  in 
each  industry. 

Exposure  monitoring  would  be 
required  at  least  twice  each  year  for 
each  shift  of  each  job  category.  On 
average,  each  exposure  monitoring 
sample  would  be  representative  of  an 
estimated  ten  employees  [1,  p.  6-23].  It  is 
assumed  that  representative  monitoring 
would  be  conducted  semi-annually  for 
all  employees  exposed  above  the  action 
level. 

The  costs  of  exposure  monitoring 
involve  the  collection  and  the  analysis 
of  the  samples.  The  estimated  cost  of 
analyzing  the  samples  is  $40  per  sample, 
and  the  cost  of  collection  would  be 
approximately  $200  per  sample  [1,  p.  6- 
23]. 

Compliance  with  the  medical 
surveillance  provisions  of  the  revised 
standard  would  require  medical  exams 
to  be  provided  every  two  years  and 
biological  monitoring  to  be  provided 
annually  for  qualifying  employees.  More 
frequent  exams  and  testing  may  be 
required  for  some  employees. 

]ACA  found  that  employees  in  the 
occupations  were  generally  already 
provided  with  annual  medical  exams  [1, 
p.  6-26],  and  the  evidence  in  the  record 
does  not  contradict  this  conclusion. 
Additional  medical  exams  may  be 
necessary  for  employees  in  some 
nonmanufacturing  industries. 

For  establishments  in  industries  with 
an  SIC  code  of  50  or  higher,  the 
estimated  compliance  costs  include  the 
cost  of  biennial  medical  exams  for 
employees  exposed  above  the  action 
level.  The  estimated  cost  of  the  exams  is 
$250  each,  and  the  estimated  number  of 
biennial  exams  required  is  increased  by 
5  percent.  This  overall  increase  reflects 
a  combination  of  factors  such  as  more 


frequent  exams  for  some  employees  as 
necessary,  medical  surveillance  for 
some  previously  exposed  employees, 
and  exclusions  from  medical 
surveillance  for  intermittently  exposed 
employees.  The  total  annual  cost  of 
medical  exams  for  these  industries  is 
thus  calculated  as  M*$250*0.5*1.05, 
where  M  is  the  number  of  employees 
exposed  above  the  action  level. 

Biological  monitoring  is  generally  not 
provided  for  the  affected  employees. 

The  costs  of  the  required  tests  for 
cadmium  in  urine  and  cadmium  in  blood 
would  be  about  $60  each  [1,  p.  6-27],  and 
the  cost  of  a  test  for  /fe-microglobulin  in 
urine  would  be  about  $80  [21,  p.  4].  In 
addition,  the  estimated  average  cost  of 
collection  would  be  about  $5  for  each 
sample.  Thus,  one  set  of  biological 
monitoring  tests  would  cost  an 
estimated  $215. 

The  total  number  of  each  of  these 
tests  that  would  be  required  annually  in 
each  industry  is  estimated  at  1.05  times 
the  number  of  employees  exposed  above 
the  action  level.  This  figure  would 
include  more  frequent  testing  for  some 
employees  as  required  by  the  revised 
standard,  tests  for  previously  exposed 
employees  as  necessary,  and  exclusions 
from  medical  surveillance  for 
intermittently  exposed  employees. 

Provisions  for  medical  removal  are 
not  expected  to  affect  many  employees. 
However,  it  may  be  possible  for  some 
employees  to  meet  the  criteria  for 
mandatory  removal  or  to  be  removed  on 
the  basis  of  a  physician’s  determination. 
On  average,  an  estimated  0.1  percent  of 
the  employees  exposed  above  the  action 
level  may  be  removed  each  year.  The 
number  of  employees  removed  should 
be  small  enough  to  enable 
establishments  to  provide  removed 
employees  with  alternative  positions. 
Costs  to  the  employer  would  include 
paying  wage  subsidies  for  removed 
employees  and  hiring  and  training  new 
employees  The  average  cost  per 
removed  employee  would  be  an 
estimated  $5,000. 

The  revised  standard  requires 
employers  to  provide  change  rooms  and 
showers  for  employees  exposed  above 
the  PEL.  Based  on  an  estimate  from 
industry  the  capital  cost  of  installing  the 
required  facilities  would  be  an 
estimated  $35,000  per  affected 
establishment  [16,  Table  A6-4].  This 
amount  would  be  annualized  at  $5,700 
per  year,  and  the  facilities  should  be 
sufficient  for  20  employees.  Estimated 
annual  costs  associated  with  providing 
showers  would  be  approximately  $900 
per  employee  [20,  Attachment  III].  Thus, 
the  annualized  cost  of  providing  hygiene 
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facilities  for  twenty  employees  would  be 
an  estimated  $23,700. 

Requirements  regarding  information, 
training,  and  recordkeeping  would 
involve  additional  compliance  costs  for 
affected  employers.  These  may  include 
costs  for  establishing  regulated  areas, 
notifying  employees  of  monitoring 
results,  and  preparing  and  updating 
written  compliance  programs.  The 
incremental  costs  imposed  by  the 
revised  standard  should  be  relatively 
small  as  compliance  may  be  achieved 
by  expanding  existing  programs  and 
efforts  in  some  or  all  of  these  areas.  An 
estimated  average  of  $100  annually  per 
employee  exposed  above  the  action 
level  should  provide  sufficient  resources 
to  achieve  compliance  with  the  relevant 
elements  of  the  standard. 

Table  VIII-C47  summarizes  the 
breakdown  of  employee  exposures  in 


each  industry  after  the  implementation 
of  feasible  engineering  controls.  Of  the 
365,566  employees  potentially  exposed 
in  these  industries,  an  estimated  57,374 
employees  would  be  exposed  above  the 
action  level,  and  an  estimated  39,517 
employees  would  be  exposed  above  the 
PEL  and  require  respiratory  protection. 

Table  VIU-C48  presents  the  estimated 
costs  of  compliance  for  each  industry 
and  each  provision.  The  total  estimated 
annualized  cost  of  compliance  for  the 
industries  is  about  $160  million.  Almost 
half  of  the  compliance  costs  are 
attributable  to  engineering  controls  ($75 
million);  most  of  the  remaining  costs  are 
associated  with  hygiene  facilities/ 
protective  clothing  ($51  million),  medical 
surveillance  ($14  million),  and 
respiratory  protection  ($12  million).  The 
compliance  costs  are  spread  over  a  large 
number  of  industries.  Four  industries 


would  have  annuaiized  costs  over  $10 
million,  rubber  and  plastic  products, 
metalworking  machinery,  miscellaneous 
machinery  manufacturing,  and  air 
transportation. 

Economic  feasibility  of  a  5  ng/m3 
PEL.  Based  on  the  evidence  in  the 
record,  OSHA  has  determined  that 
compliance  with  the  final  cadmium 
standard  is  economically  feasible  in 
each  of  the  affected  industries.  For  the 
industries  considered  in  this  section,  the 
standard  generally  affects  a  small  part 
of  the  workforce  and  a  limited  number 
of  activities.  As  shown  in  Table  VIII— 
C49,  the  costs  of  compliance  represent 
less  than  1  percent  of  the  revenues  of 
the  affected  establishments  for  each  of 
the  affected  industries,  and  less  than 
0.06  percent  of  revenues  of  affected 
establishments  across  all  affected 
industries. 


Table  VIII-C47. — Employee  Exposures  After  the  Implementation  of  Feasible  Engineering  Controls 


Potentially  Employees 

exposed  requiring 

employees  3^,^  respirators 


Textile  mill  products . . 

Apparel . . . . 

Furniture _ _ _ 

Paper  products _ 

Printing  and  publishing . . . . 

Inorganic  chemicals . 

Plastics  and  synthetics . . . 

Drugs - ... - - - 

Paints  and  allied  products _ _ _ 

Organic  chemicals _ 

Agricultural  chemicals . . 

Miscellaneous  chemicals . _ 

Petroleum  refining _ 

Rubber  and  plastic  products - - 

Leather  products . . . . . 

Flat  glass _ _ _ _ 

Glassware . . 

Structural  day  products _ _ 

Pottery  products _ _ _ ... 

Concrete  products - .... - 

Stone  products _ _ _ 

Mineral  products _ 

Alloy  products . . . _ 

Steel  wiredrawing..... . . 

Cold-rolJed  steel _ ..... _ _ _ 

Steel  pipe  and  tubes - 

Iron  and  steel  foundries _ .... 

Primary  nonferrous  metals . . . . 

Secondary  nonferrous  metals _ _ 

Nonferrous  rolling,  etc . . . . 

Nonferrous  foundries _ .... 

Miscellaneous  primary  metal _ 

Metal  shipping  containers — . . 

Hand  tools  and  hardware - 

Heating  and  plumbing  equipment - 

Fabricated  structural  metal _ _ 

Screws,  etc - - - 

Forgings  and  stampings . . 

Coating  and  engraving - - - 

Ordnance - - 

Miscellaneous  fabricated  metal  products 

Engines  and  turbines _ 

Farm  and  garden  machinery - 

Construction  machinery - 

Metalworking  machinery _ 

Special  machinery - 

General  machinery _ 

Computer  and  office  equipments . . 
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Table  VIII-C47.— Employee  Exposures  After  the  Implementation  of  Feasible  Engineering  Controls— Continued 


Industry 

Potentially 

exposed 

employees 

Employees 
exposed 
above 
action  level 

Employees 

requiring 

respirators 

14,180 

1,832 

1  475 

19,615 

2,678 

2,678 

6,388 

639 

625 

12,460 

1.259 

1  206 

7  586 

759 

734 

13i266 

1,327 

1,317 

3  021 

302 

17,886 

2,245 

1,729 

15,412 

2,044 

1,724 

350 

35 

33 

18,032 

2  949 

1,459 

3720  Aircraft . . . . . 

2,776 

278 

238 

7,907 

1,319 

1  100 

1,458 

198 

198 

359 

36 

34 

3790  Miscellaneous  transportation  equipment . . . „ . . . 

119 

12 

12 

67 

7 

7 

216 

22 

22 

337 

34 

34 

669 

201 

67 

173 

17 

17 

79 

8 

8 

16 

2 

2 

1  004 

100 

100 

3950  Artists’  materials . . . 

50 

15 

10 

3960  Costume  jewelry  and  notions . . . .  . 

29 

3 

3 

2  749 

825 

275 

23 

4 

2 

4200  Motor  freight  and  warehousing . 

586 

59 

59 

52  147 

10  438 

3653 

4810  Telephone  communications . - . . . 

2^474 

495 

173 

149 

15 

15 

4920  Gas  production  and  distribution . . . . . 

1,213 

121 

121 

4950  Sanitary  services . . . . 

5  204 

1  041 

364 

5000  Wholesale  trade,  durables . . . . . . 

690 

73 

73 

3  080 

924 

616 

538 

54 

54 

7530  Automotive  repair  shops . 

3  194 

391 

319 

7600  Miscellaneous  repair  services . . . . 

3  494 

599 

378 

8060  Hospitals . . . . „ . . . 

277 

42 

42 

Totals . . . . . . . 

365,566 

57,374 

39,517 

Source:  Office  of  Regulatory  Analysis,  OSHA,  U  S.  Department  of  Labor. 


Table  VIII-C48.— Estimated  Annual  Costs  of  Compliance  by  Industry  and  by  Provision 

[In  thousands  of  dollars] 


Industry 

Engineering 

controls 

Respiratory 

protection 

Protective 

clothing 

Exposure 

monitoring 

Medical 

surveillance 

Hygiene 

facilities 

Information, 
training,  and 
recordkeeping 

Total 

2200  Textile  mm 

products . 

78 

10 

4 

4 

20 

41 

9 

166 

2300  Apparel . 

169 

12 

4 

3 

14 

48 

6 

256 

2500  Furniture . . 

0 

37 

13 

13 

64 

146 

28 

301 

2600  Paper  products . 

164 

12 

4 

3 

13 

46 

6 

248 

2700  Printing  and 

publishing . 

1,188 

92 

32 

24 

113 

364 

49 

1,861 

2810  Inorganic 

chemicals . 

0 

6 

2 

1 

7 

23 

3 

42 

2820  Plastics  and 

synthetics . . . 

731 

52 

18 

13 

60 

206 

26 

1,107 

2830  Drugs . . . 

42 

3 

1 

1 

3 

12 

2 

64 

2851  Paints  and  allied 

products . 

3,972 

283 

98 

68 

327 

1,120 

142 

6,010 

2860  Organic  chemicals. 

1,622 

131 

45 

30 

143 

516 

62 

2,549 

2870  Agricultural 

chemicals . 

1,391 

112 

39 

31 

151 

444 

65 

2,235 

2890  Miscellaneous 

861 

61 

21 

15 

71 

243 

2900  Petroleum  refining . .. 

85 

17 

6 

8 

37 

67 

16 

236 

3000  Rubber  and  plastic 

products . 

7,328 

595 

206 

145 

695 

2,352 

301 

11,623 

3100  Leather  products .... 

758 

54 

19 

13 

62 

214 

27 

1,148 

3211  Flat  glass . 

503 

24 

8 

5 

26 

97 

11 

675 
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Table  VIII-C48.— Estimated  Annual  Costs  of  Compliance  by  Industry  and  by  Provision— Continued 

[In  thousands  of  dollars] 


Engineering  Respiratory  j  Protective  Exposure  Medical  Hygiene  sreWnif^iwI 

controls  protection  clothing  monitoring  surveillance  facilities  recordkeeping 


3220  Glassware . . 

3250  Structural  day 

products - 

3260  Pottery  products — 
3270  Concrete  products... 

3280  Stone  products . 

3290  Mineral  products . 

3313  Alloy  products - 

3315  Steel  wiredrawing  ... 

3316  Coldrolled  steel . 

3317  Steel  pipe  and 

tubes — . 

3320  Iron  and  steel 

foundries - - - 

3330  Primary  nonferrous 

metals . . 

3340  Secondary 

nonferrous  metals . 

3350  Nonferrous  rolling. 

etc - - - 

3360  Nonferrous 

foundries - - 

3390  Miscellaneous 

primary  metal . 

3410  Metal  shipping 

containers . . 

3420  Hand  tools  and 

hardware - 

3430  Heating  and 

plumbing  equipment . 

3440  Fabricated 

structure  metal - 

3450  Screws,  etc_ . 

3460  Forgings  and 

stampings. . — . 

3470  Coating  and 

engraving - - — . 

3480  Ordnance . . 

3490  Miscellaneous 
fabricated  metal 

I  products . . 

3510  Engines  and 

turbines - - - - 

3520  Farm  and  garden 

machinery - - 

3530  Construction 

machinery . . 

3540  Metalworking 

machinery - 

3550  Special  machinery... 
3560  General  machinery.. 
3570  Computer  and 

office  equipment . . 

3580  Refrigeration  and  I 

service  machinery . J 

3590  Miscellaneous  ! 

machinery  — . 

3610  Electrical 
transmission  equipment  J 
3620  Electrical 

apparatus . . . 

3630  Household 

appliances.— . 

3640  Lighting  and  wiring . 
3650  Audio  and  video 

equipment - 

3660  Communications 

equipment . . 

3670  Electronic 

components . . 

3690  Miscellaneous 

electrical  equipment . 

3710  Motor  vehicles . .  ..j 

3720  Aircraft . 

3730  Shipbuilding — . J 
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Table  VIII-C48. — Estimated  Annual  Costs  of  Compliance  by  Industry  and  by  Provision— Continued 


[In  thousands  of  dollars] 


industry 

Engineering 

controls 

Respiratory 

protection 

Protective 

clothing 

Exposure 
monitoring ' 

Medical 

surveillance 

Hygiene 

facilities 

Information, 
training,  and 
recordkeeping 

Total 

3743  Railroad 

equipment . ... . — . 

3760  Missiles  and  space 

660 

59 

21 

10 

46 

235 

20 

T050 

vehicles . . 

1 

10 

4 

2 

6 

41 

4 

69 

3790  Miscellaneous 

transmission  equipment  .. 

0 

4 

1 

1 

3 

14 

1 

23 

3812  Detection 

equipment,  etc . 

0 

2 

1 

0 

2 

8 

1 

13 

3820  Measurement  and 
construction 

instruments . 

0 

6 

2 

1 

5 

26 

2 

43 

2640  Medical 

instruments . . 

3860  Photographic 

0 

10 

4 

2 

8 

40 

3 

66 

equipment..  . 

0 

20 

7 

10 

46 

79 

20 

182 

3670  Watches  and 

CkJCKwOffc _ _ 

0 

5 

2 

1 

4 

21 

2 

34 

3910  Jewelry  and  plated 

ware . . . 

0 

2 

1 

0 

2 

6 

1y 

16 

3930  Mus'cal 

instruments . - . 

3940  Toys  and  sporting 

0 

0 

0 

0 

0 

2 

0 

3 

gooes. . . . 1 

0 

30 

10 

5 

23 

119 

10 

198 

3950  Artists’  materials . 

3960  Costume  Jewelry 

42 

3 

1 

1 

3 

12 

2 

64 

and  notions _ _ 

0 

1 

0 

0 

1 

3 

0 

6 

3990  Miscellaneous 

manufacturing . . . . 

0 

62 

29 

40 

i90 

326 

82 

749 

4011  Railroads - 

4200  Motor  freight  and 

2 

1 

0 

1 

2 

0 

7 

warehousing . . . 

0 

18 

3 

14 

69 

6 

115 

4500  Asr  transportation . 

5,471 

1096 

501 

2.409 

4.329 

1,044 

15.229 

4810  Telephone 

communications . . 

260 

52 

18 

24 

114 

205 

49 

723 

4830  Radio  and  TV 

breadcasting . . 

0 

4 

2 

1 

3 

18 

1 

29 

4920  Gas  product  and 

distribution _ 

0 

36 

13 

6 

28 

144 

12 

239 

4950  Sanitary  services  . .. 
5000  Wholesale  trade, 

547 

109 

38 

50 

240 

432 

104 

T520 

49 

22 

8 

3 

26 

86 

7 

201 

5100  Wholesale 

nondurables . 

2,590 

185 

64 

44 

334 

730 

92 

4,040 

6500  Service  stations . 

0 

16 

6 

3 

19 

64 

113 

7530  Automotive  repair 

shops . 

0 

96 

33 

19 

141 

378 

707 

7600  Miscellaneous 

repair  services . 

1,183 

113 

39 

29 

217 

448 

2,089 

6060  Hospitals . . 

175 

12 

4 

2 

15 

49 

262 

Totals . . . 

74,820 

11,655 

4,110 

2,754 

13,512 

46,827 

5,737 

159,616 

Note:  This  tab*:  does  not  include  costs  tor  industry  sectors  covered  separately  elsewhere  in  this  analysis. 
Source:  Office  of  Regulatory  Analysis,  OSHA,  U.S  Department  of  Labor. 


Table  VIM-049. — Compliance  Costs  per  Employee  and  as  a  Percentage  of  Revenues  and  Profits  by  Sndustry 


'rsdustry 

Annual 

compliance 

cost 

((thousands) 

Number  of 
atlected 
employees 

Average 
annual  cost  of 
compliance 
per  employee 

Annual 

revenues 

((millions) 

Compliance 
cost  as  a 
percent  of 
revenues 

Annual  pre-tax 
profits 
((millions) 

Compliance 
cost  as  a 
percent  of 
profits 

2200 

Textile  mil  products _ 

166 

411 

404 

246 

0.0675 

12 

1  3507 

2300 

Appaiel _ 

256 

201 

1.272 

74 

0.3477 

4 

64700 

2500 

Furniture  . . . . . 

301 

1.232 

244 

629 

0.0478 

31 

0.9567 

2600 

Paper  products . . . . 

248 

195 

1,272 

222 

0.1118 

11 

2.1825 

2700 

Printing  and  publishing . 

1,861 

1,600 

1,163 

945 

0.1970 

58 

33167 

2810 

Inorganic  chemicals . . 

42 

195 

217 

205 

0.0206 

15 

02750 

2820 

Plastics  and  synthetics . 

1  107 

870 

1,272 

1  481 

O  0747 

70 

2830 

Drugs . ' . . 

64 

50 

1372 

’  59 

0.1070 

2 

2.8540 

2851 

Paints  &  allied  products . . . 

6,010 

4,724 

1,272 

6,549 

0.0917 

287 

2.0974 

2860 

Organic  chemicals . 

2M9 

P  533 

1  006 

8  884 

2870 

Agricultural  chemicals . . 

2335 

P  507 

091 

2890 

Miscellaneous  chemicals— . 

1  303 

1  024 

1  272 

1  158 

0  1126 

2900 

Petroleum  refinino . . . . 

236 

907 

292 

4316 

00054 

183 

0.1284 
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Table  V1M-C49. — Compliance  Costs  per  Employee  and  as  a  Percentage  of  Revenues  and  Profits  by  Industry 

Continued 


./af-  jsks  o.  ‘ss? 

cori)^^nca  affected  compliance  revenues  oercentof  **252  percent  of 

($thS>da)  om'**ees  **»  (SmiHions)  (SmiHions)  profits 


percent  of 
revenues 


(SmiHions) 


3000  Rubber  &  plastic  prod. - 

3100  Leather  products - 

321 1  Rat  glass . . . 

3220  Glassware - - - 

3250  Structural  day  products . 

3260  Pottery  products - - - — 

3270  Concrete  products . . . 

3280  Stone  products . . . 

3290  Mineral  products - - - ; 

3313  Alloy  products - 

3315  Steel  wiredrawing - 

3316  CoW-roHed  steel - 

3317  Steel  pipe  and  tubes - - 

3320  Iron  and  steel  foundries - 

3330  Primary  nontenous  metals - 

3340  Secondary  nonferrous  mbs. - — 

3350  Nonferrous  robing,  etc . _ . 

3360  Nonferrous  foundries - 

3390  Misc.  primary  metal - - 

3410  Metal  shipping  containers - 

3420  Hand  tools  &  hardware . . 

3430  Heating  &  plumbing  equip - - - - 

3440  Fabricated  struct,  metal - - 

3450  Screws,  etc . . . — •• 

3460  Forgings  &  stampings - ; . . 

3470  Coating  and  engraving . - 

3480  Ordnance - - 

3490  Misc.  fabr.  metal  prod - 

3510  Engines  and  turbines - - 

3520  Farm  and  garden  machinery - 

3530  Construction  machinery - 

3540  Metalworking  machinery - 

3550  Special  machinery - - - 

3560  General  machinery - - 

3570  Computer  &  office  equip - - 

3580  Refrig.  &  service  maeh - - - 

3590  Miscellaneous  machinery - 

3610  Elec,  transmission  equip - - - 

'3620  Electrical  apparatus . 

3630  Household  appliances . 

3640  Lighting  and  wiring - - - - - 

3650  Audio  &  video  equip . . . . 

3660  Communications  equip - - 

3670  Electronic  components . ..... 

3690  Misc.  elect  equip . . 

3710  Motor  vehicles - 

3720  Aircraft - 

3730  Ship  building - - 

3743  Railroad  equipment - - - - 

3760  Missiles  &  space  vehicles - 

3790  Misc.  trans.  equip - - 

3812  Detection  equipment  etc. - - - 

3820  Meas.  &  contr.  instr - - - 

3840  Medical  instalments . T - 

3860  Photograpruc  equipment - - 

3870  Watches  &  clockwork - - 

3910  Jewelry  &  plated  ware - 

3930  Musical  instruments - 

3940  Toys  and  sporting  goods - - 

3950  Artists'  materials - 

3960  Costume  jewelry  &  notions - .... 

3990  Misc.  manufacturing - 

401 1  Railroads . - . . 

4200  Motor  freight  &  warehsing . . 

4500  Air  transportation . — 

4810  Telephone  communications - - 

4830  Radio  &  TV  broadcasting - 

4920  Gas  prod.  &  dist - - - 

4950  Sanitary  services - - - 

5000  Wholesale  trade,  durables - 

5100  Wholesale  nondurabies - 

5500  Service  stations - - - - 

7530  Automotive  repair  shops - ...... — 

7600  Misc  repair  services - - 


11.623 
1,148 
675 
1,142 
1,821 
99 
123 
39 
519 
135 
114 
S 
88 
2.972 
480 
200 
2,457 
3,502 
318 
79 
2,498 
486 
8,496 
127 
567 
185 
52 
4,087 
1,715 
54 
2,079 
14,340 
2,199 
3,625  I 
295 
4,835 
14,302 
1,244 
2,417 
1,468 
2,600 
594 
3.633 
5,531 
66 
4,640 
507 
.  5,270 

1,050 
69 
23 
13 
43 
66 
182 
34 
16 
3 
198 
64 
6 
749 
7 
115 
15,229 
723 
29 
239 
1,520 
201 
4,040 
113 
707 
2,089 


11,133 

902 

666 

2,929 

2.423 

174 

624 

200 

899 

488 

500 

37 

400 

10,808 

1,800 

750 

3,135 

10,022 

235 

140 

2,781 

1,186 

17,065 

868 

612 

200 

265 

9,071 

3,036 

199 

10,453 

16,127 

6,533 

11,633 

1,600 

14,180 

19,815 

6.388 

12,460 

7,586 

13,266 

3,021 

17,886 

15,412 

350 

18,032 

2,776 

7.907 

1.458 

359 

119 

67 

216 

337 

669 

173 

79 

16 

1,004 

50 

29 

2,749 

23 

586 

52.147 

2,474 

149 

1,213 

5.204 

690 

3,080 

538 

3.194 

3,494 


7.591 

435 

630 

1.897 

I. 362 

75 

471 

33 

751 

264 

1.095 

94 
473 

6.360 

3,963 

1,759 

4,720 

5,855 

246 

218 

2,024 

722 

II, 061 
502 
518 

95 
167 

6,685 
3.469 
163 
8.725 
8,367 
5,595 
8.427 
1,515 
13,809 
9,177 
3,948 
8,416 
6,852 
8,763 
2,132 
15,307 
10,205 
294 
30,234 
2.180 
4.179 
1,266 
385 
100 
55 
126 
216 
913 
152 
53 
6 
607 
30 
11 
1.603 
17 
217 
22,530 
1,961 
136 
3,098 
5,674 
1,516  I 
8,953 
165 
1,044 
1,141 


0.1531 

0.2636 

0.1070 

0.0602 

0.1337 

0.1328 

0.0260 

0.1192 

0.0691 

0.0510 

0.0104 

0.0057 

0.0186 

0.0467 

0.0121 

0.0113 

0.0520 

0.0619 

0.1289 

0.0360 

0.1233 

0.0672 

0.0768 

0.0253 

0.1094 

0.1953 

0.0311 

0.0611 

0.0494 

0.0295 

0.0238 

0.1713 

0.0392 

0.0430 

0.0194 

0.0350 

0.1558 

0.0315 

0.0287 

0.0214 

0.0296 

0.0278 

0.0237 

0.0541 

0.0226 

0.0153 

0.0232 

0.1260 

0.0829 

0.0179 

0.0235 

0.0238 

0.0338 

0.0306 

0.0199 

0.0224 

0.0293 

0.0487 

0.0325 

0.2135 

0.0517 

0.0467 

0.0389 

0.0530 

0.0675 

0.0368 

0.0215 

0.0077 

0.0267 

0.0132 

0.0451 

0.0685 

0.0677 

0.1830 


2.7218 
*£870 
1.7131 
1.0035 
2.4317 
1.8973 
0.5797 
2.0301 
0.9873 
1.3179 
0  2690 
0.1398 
0.8298 
1.0384 
0.2203 
0.2593 
1.1695 
1.4570 
2.5799 
0.5445 
1  6183 
1.5382 
1.4988 
0.5333 
2.0354 
2.7419 
0.2830 
1.1116 
1.4646 
0.5912 
0  4888 
2.5870 
0.6415 
0.7648 
0.4448 
0.7372 
24936 
0.6148 
0.5469 
0.6120 
0.4565 
03431 
0.7302 
1.1410 
0.4306 
0.3503 
0.3644 
3.8799 
1.5081 
0.3595 
0.5704 
0.4154 
0.6291 
0.4543 
0.3073 
0.3983 
0.4891 
0.5904 
0.5537 
4.4963 
0.5835 
1.0107 
02888 
1.1169 
1.4230 
0.5359 
4.3064 
0.1044 
0.2551 
0.2873 
1.3369 
2.8127 
1.0034 
2.2187 
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Table  VIH-C49.— Compliance  Costs  per  Employee  and  as  a  Percentage  of  Revenues  and  Profits  by  Industry— 

Continued 


industry 

Annual 

compliance 

cost 

((thousands) 

Number  of 
affected 
employees 

Average 
annual  cost  of 
compliance 
per  employee 
<$) 

Annual 

revenues 

((millions) 

Compliance 
cost  as  a 
percent  of 
revenues 

Annual  pre-tax 
profits 
((millions) 

Compliance 
cost  as  a 
percent  of 
profits 

8060  Hospitals . - . 

262 

277 

945 

149 

0.1762 

7 

4.0284 

Totals . 

159,618 

365,566 

437 

290,820 

0.0548 

14,731 

1.0835 

Sources:  1389  Annual  Survey  of  Manufacturers,  U.S.  Department  ot  Commerce.  June  1991;  1987  Census  of  Industries,  U.S.  Department  ol  Commerce.  1990; 
Statistical  Abstract  of  the  United  States,  1991,  U.S.  Department  ol  Commerce;  Duns  Insight,  Dun  &  Bradstreet.  1989. 


Establishments  in  each  of  the  affected 
industries  would  either  need  to  raise 
prices  or  reduce  profits  (or  a 
combination  of  these)  to  compensate  for 
compliance  costs.  A  significant  increase 
in  prices  can  usually  be  expected  to 
result  in  a  loss  of  sales;  the  relationship 
between  these  variables  is  determined 
by  the  price  elasticity  of  demand  (the 
ratio  of  the  percent  change  in  quantity 
demanded  associated  with  a  percent 
change  in  price).  A  reduction  in  profits 
may  enable  an  individual  firm  to 
maintain  sales  volume,  but  would  be 
likely  to  result  in  lower  production  or 
slower  growth  if  applied  to  an  industry 
as  a  whole;  lower  profits  reduce  the 
value  of  the  industry’s  capital  and  firms 
operating  on  the  margin  may  exit  the 
market. 

The  impact  of  the  revised  cadmium 
standard  would  probably  be  a 
combination  of  increased  prices  and 
reduced  profits  in  the  affected 
industries.  To  the  extent  that  profits  are 
reduced  to  mitigate  the  effects  of  price 
increases,  smaller  potential  changes  in 
output  and  employment  can  be 
expected.  However,  reductions  in  profits 
may  also  affect  employment  and  output 
indirectly.  Lower  profits  tend  to  depress 
the  value  of  capital  which  reduces  the 
incentive  for  additional  investment  in 
the  affected  industries. 

Although  a  significant  reduction  in 
profits  for  an  industry  may  cause  some 
contraction  as  marginal  firms  exit  the 
market,  compliance  with  the  cadmium 
standard  is  not  expected  to  be  a 
determining  factor  for  such  occurrences. 
Even  under  the  extreme  assumption  that 
compliance  costs  would  be  wholly 
absorbed  from  profits  (preventing  any 
effects  from  price  increases),  the 
maximum  effect  in  any  industry  would 
be  an  average  reduction  in  profits 
among  the  affected  establishments  of 
less  than  7  percent,  and  the  overall 
reduction  among  affected 
establishments  would  be  about  1 
percent.  Changes  of  this  magnitude 
would  not  substantially  affect  the 
viability  of  continuing  operations. 


Ultimately,  compliance  with  the 
cadmium  standard  causes  production 
resources  to  be  shifted  from  the  affected 
industries  and  from  other  sectors  of  the 
economy  to  compliance-related 
activities.  The  proportion  of  resources 
diverted  from  the  affected  industries  is 
determined  by  the  extent  to  which 
reductions  in  profits  are  taken  and  the 
extent  to  which  reductions  in  output  are 
caused  by  price  increases.  The 
proportion  of  resources  diverted  from 
other  sectors  of  the  economy  is 
represented  by  increases  in  prices  paid 
for  the  output  of  the  affected  industries. 
The  small  relative  size  of  compliance 
costs  in  relation  to  revenues,  profits,  and 
other  influences  in  the  business 
environment  makes  the  overall  potential 
impact  of  the  cadmium  standard 
virtually  undetectable. 

Notes 

1.  Exhibit  13,  "Economic  Impact  Analysis  of 
the  Proposed  Revision  to  the  Cadmium 
Standard.”  Final  Report,  )ACA  Corporation. 
March  15, 1988. 

2.  Exhibit  19-50,  "Comments  of  the  United 
States  Department  of  Commerce,"  U.S. 
Department  of  Commerce,  May  21, 1990. 

3.  Exhibit  108,  “Post-Hearing  Comments  of 
the  National  Institute  for  Occupational  Safety 
and  Health  on  the  Occupational  Safety  and 
Health  Administration’s  Proposed  Rule  on 
Occupational  Exposure  to  Cadmium,”  U.S. 
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Construction 

Industry  overview.  The  construction 
industry  includes  establishments 
engaged  in  building  construction 
(residential,  commercial,  industrial,  etc.) 
and  heavy  construction  (streets,  bridges, 
pipelines,  power  plants,  etc.).  The  term 
construction  may  include  new  work, 
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additions,  alterations,  reconstruction, 
installations,  and  repairs.  General 
contractors  usually  assume 
responsibility  for  an  entire  construction 
project  and  often  subcontract 
substantial  amounts  of  work  to  special 
trade  contractors.  Over  half  of  the  five 
million  employees  in  the  construction 
industry  work  for  special  trade 
contractors  specializing  in  plumbing, 
painting,  electrical,  carpentry,  roofing,  or 
other  construction  activities. 

Production  processes.  Construction 
.employees  are  potentially  exposed  to 
cadmium  when  welding,  soldering, 
brazing,  cutting,  or  burning  steel  and 
other  metals  in  which  cadmium  may  be 
present.  Most  metals,  such  as  steel,  only 
contain  trace  amounts  of  cadmium; 
some  specialty  alloys  may  include 
greater  concentrations  of  cadmium; 
some  objects  may  be  coated  with 
cadmium;  and  cadmium  may  be  present 
in  furnace  dust  accumulated  on  the 
surface  of  some  equipment. 


Activities  potentially  generating 
airborne  concentrations  of  cadmium 
fume  or  dust  occur  during  several  types 
of  construction  work.  These  may  include 
boiler  installation  and  repair,  steam 
fitting,  furnace  repair,  installation  of 
machinery  and  other  equipment, 
electrical  work,  structural  steel  and  iron 
work,  dismantling  of  machinery,  and 
general  welding  operations. 
Establishments  involved  in  these 
activities  include  plumbing,  heating  and 
air  conditioning  contractors;  electrical 
work  contractors;  sheet  metal 
contractors;  structural  steel  erection 
contractors;  wrecking  and  demolition 
contractors;  miscellaneous  contractors 
engaged  in  the  installation  or  erection  of 
building  equipment;  and  welding 
contractors. 

Employee  exposures.  Cadmium 
exposures  experienced  by  construction 
workers  were  researched  by  JACA 
Corporation.  Estimated  exposure  levels 
were  determined  separately  for  different 
types  of  work.  Exposures  for 


electricians,  plumbers,  pipefitters, 
steamfitters,  boilermakers,  workers  who 
install  or  dismantle  machinery  and 
heavy  equipment,  and  other  repair  or 
maintenance  workers  employed  in  the 
construction  industry  were  represented 
by  the  exposure  profile  for  the 
occupational  group  of  repair  and  utility 
workers.  [1.  p.  3-30  and  Table  3-10). 
Exposures  for  construction  workers 
welding,  brazing,  or  soldering  during 
structural  steel  erection,  heavy 
construction,  demolition,  and  other  jobs 
done  by  special  trade  contractors  were 
represented  by  the  exposure  profile  for 
the  occupational  group  of  welders, 
brazers,  and  solderers.  [1,  p.  3-31  and 
Table  3-10).  The  exposure  profiles 
developed  by  JACA  are  presented  in 
Table  VIII-C50.  These  data  were 
derived  from  OSHA  inspection  data  and 
from  relevant  NIOSH  Health  Hazard 
Evaluations  [1,  p.  3-32].  Estimated  mean 
and  median  exposures  for  each  type  of 
construction  work  are  3  pg/m  *  or  less. 


Table  VIII-C50.— Cadmium  Exposure  Data  for  Construction  Workers  Based  on  JACA 


Concentration  In  fig/m  1 


Job  category 

Geometric 

mean 

Median 

Range 

2.0 

JPJ 

0.1-271.0 

0.2 

0.1 

0.1-1630 

1  Includes  pipefitters.  Bteamfrtters,  boilermakers.  electricians,  plumbers,  and  maintenance  and  repair  employees  in  the  construction  industry. 
*  Includes  all  construction  workers  welding,  cutting,  soldering,  or  brazing,  except  those  included  above. 

Note:  Exposure  data  reflect  8-hour  time-weighted  average  exposures. 

Source:  Exhibit  13.  JACA,  Table  3-10. 


The  data  also  indicate  that 
significantly  higher  exposures  may  be 
possible  under  relatively  infrequent 
circumstances. 

An  estimated  70,000  employees  in  the 
construction  industry  are  potentially 
exposed  to  cadmium  throughout  the 
year.  For  most  of  these  workers, 
exposure  to  cadmium  would  occur  on 
one  out  of  ten  working  days  on  average. 

The  proposed  rule  and  preliminary 
analysis  did  not  elicit  many  comments 
from  construction  employers  or 
employees  or  their  representatives. 
OSHA  believes  that  the  proposed  rule 
was  regarded  as  having  little  impact  in 
the  construction  industry.  The  Advisory 
Committee  on  Construction  Safety  and 
Health  (ACCSH)  reviewed  the  proposed 
regulation  with  the  accompanying 
analysis  and  did  not  question  the 
characterization  of  exposures  for  the 
construction  industry. 

Existing  and  feasible  additional 
controls.  Construction  workers  with 
potential  exposure  to  cadmium  would 
also  have  potential  exposure  to  other 
hazardous  substances.  Depending  on  the 


material  worked  with,  activities  with 
potential  cadmium  exposure  may 
involve  exposure  to  aluminum, 
antimony,  arsenic,  copper,  iron  oxide, 
lead,  magnesium  oxide,  manganese, 
molybdenum,  silver,  tin  oxide,  and  zinc 
oxide.  Many  construction  employees 
may  be  generally  protected  from 
exposure  to  these  substances,  and  this 
protection  would  also  be  effective  for 
reducing  cadmium  exposures. 

OSHA  requested  information 
regarding  the  need  for  additional 
controls  for  cadmium  exposure. 
Construction  employers  did  not  identify 
any  conditions  in  which  controls  beyond 
those  currently  provided  for 
concomitant  exposures  would  be 
necessary  for  cadmium  exposure. 

In  some  applications,  cadmium 
exposure  may  be  eliminated  through 
substitution  of  products  without 
cadmium.  At  least  one  firm  offers  a 
range  of  cadmium-free  products 
designed  to  replace  alloys  made  with 
cadmium  in  several  applications.  [3]. 

Feasible  engineering  controls  and 
work  practices  for  reducing  cadmium 


exposure  should  be  implemented  when 
possible.  In  construction  these  may 
include  portable  hoods,  exhaust 
ventilation,  fans,  enclosures,  and  tools 
and  work  practices  designed  for 
minimizing  employee  exposures. 

Although  some  construction  activities 
affected  by  the  revised  regulation  would 
be  amenable  to  engineering  controls, 
respirators  would  be  an  acceptable 
method  of  protection  in  situations  where 
engineering  controls  are  infeasible. 
Construction  activities  are  often 
intermittent  and  of  short  duration  with 
unpredictable  exposures.  The  activities 
may  not  involve  a  fixed  work  place  and 
frequently  occur  in  circumstances  where 
engineering  controls  are  not  feasible. 
Respirators  capable  of  providing  the 
necessary  protection  are  currently 
available  and  widely  used  in  the 
construction  industry. 

Technological  feasibility  of  a  5  pg/m3 
PEL  The  revised  cadmium  standard 
with  a  PEL  of  5  jig/msis  technologically 
feasible  for  the  construction  industry. 
The  potential  impact  would  affect  a 
small  fraction  of  the  work  force;  the 
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cadmium  exposures  experienced  by 
these  workers  are  intermittent  and 
generally  below  the  PEL.  Feasible 
engineering  controls  and/or  appropriate 
use  of  respirators  are  capable  of 
providing  the  required  protection  and 
currently  do  so  for  many  of  the  affected 
workers  in  this  industry. 

The  ACCSH  reviewed  the  proposed 
cadmium  regulation  and  suggested 
several  relatively  minor  changes  to 
provisions  involving  exposure 
monitoring,  medical  surveillance,  and 
recordkeeping,  but  did  not  oppose  the 
proposed  PEL  or  question  its  feasibility. 
No  comments  from  the  industry  in 
response  to  the  proposed  rule  raised  any 
concerns  about  the  feasibility  of 
achieving  the  PEL. 

Costs  of  compliance  with  a  5  pg/m* 
PEL.  Potential  employee  exposures  to 
cadmium  in  the  construction  industry 
generally  occur  with  exposures  to  other 
hazardous  substances,  and  employers 
should  already  be  using  feasible 
engineering  controls  for  these 
exposures.  Employees  are  often 
provided  with  respirators  in  such 
situations  as  an  appropriate  form  of 
protection  when  engineering  controls 
need  to  be  supplemented  or  are 
infeasible.  The  revised  cadmium 
standard  would  not  require  the 
implementation  of  additional 
engineering  controls  for  these 
employees.  In  addition,  engineering 
controls  would  not  be  required  by  the 
cadmium  standard  for  employees 
exposed  less  than  thirty  days  per  year. 

Respiratory  protection  should  already 
be  provided  to  many  employees  with 
potential  cadmium  exposure  under 
requirements  of  existing  standards. 
However,  achieving  full  compliance 
with  the  revised  cadmium  standard  with 
a  PEL  of  5  pg/m3  may  require  some 
additional  respirator  use. 

OSHA  estimates  that  70,000 
employees  in  the  construction  industry 
are  potentially  exposed  to  cadmium  for 
an  average  of  one  out  of  ten  working 
days.  Most  of  these  employees  would  be 
exposed  below  the  PEL  or  would  be 
adequately  protected  from  cadmium 
exposure.  Additional  respirator  use  may 
be  necessary  on  an  intermittent  basis 
for  about  5  percent  of  the  employees 
with  potential  exposure.  An  estimated 
3,500  workers  would  need  to  be 
provided  with  respirators  to  achieve 
compliance  with  the  revised  standard. 

At  a  cost  of  $100  per  employee  per  year 
for  the  intermittent  use  of  respirators, 
the  total  annual  cost  for  the  construction 
industry  would  be  $0.35  million. 

In  addition  to  adequately  controlling 
cadmium  exposures,  compliance  with 
the  revised  cadmium  standard  would 
require  construction  establishments 


with  employees  potentially  exposed  to 
cadmium  to  establish  exposure 
monitoring  and  medical  surveillance 
programs  and  to  provide  appropriate 
hygiene  facilities. 

Exposure  monitoring  would  probably 
not  be  necessary  for  most  construction 
employees  for  whom  exposures  are 
consistently  below  the  action  level. 
Exposure  monitoring  would  be 
necessary  when  higher  cadmium 
exposures  can  be  anticipated,  and  an 
estimated  10  percent  of  the  employees 
potentially  exposed  (7,000  employees) 
may  work  in  such  circumstances  at  least 
once  per  year.  On  average, 
representative  exposure  monitoring  may 
be  conducted  semi-annually  with  each 
sample  representing  three  employees.  At 
an  estimated  average  cost  of  $240  per 
sample  for  collection  and  analysis,  the 
total  annual  cost  would  be  about  $1.12 
million. 

In  addition,  employers  would  be 
required  to  conduct  and  maintain  a 
written  record  of  a  determination  of 
potential  cadmium  exposures  for  each 
employee.  The  cost  of  such  a 
determination  may  average  $25  annually 
for  each  employee  potentially  exposed. 
The  total  annual  cost  would  be  an 
estimated  $1.75  million. 

Requirements  to  provide  medical 
surveillance  depend  on  the  nature  of 
exposures  experienced  by  employees. 
Exposures  in  construction  are  generally 
intermittent,  and  medical  surveillance 
may  need  to  be  provided  for  some 
employees.  As  provided  in  the  final 
standard,  medical  surveillance  includes 
initial,  periodic,'  and  termination  exams; 
employees  with  intermittent  exposures 
may  be  excluded  from  medical 
surveillance,  and  some  previously 
exposed  employees  may  be  included. 
Medical  exams  and  biological 
monitoring  would  be  necessary  for  all 
employees  required  to  wear  respirators. 
An  estimated  7,000  employees  (including 
employees  performing  tasks,  operations, 
or  jobs  as  specified  by  the  standard) 
encountering  exposures  above  the 
action  level  at  some  time  each  year  may 
require  medical  surveillance.  The 
estimated  annual  cost  per  employee 
would  be  $340  ($215  per  year  for  annual 
biological  monitoring  and  $125  per  year 
for  biennial  medical  exams),  and  the 
total  annual  cost  for  the  construction 
industry  would  be  $2.38  million. 
Provisions  for  medical  removal  are  not 
expected  to  involve  additional 
compliance  costs  since  exposures  for 
construction  employees  are  relatively 
low  and  intermittent. 

Additional  hygiene  facilities  may  be 
necessary  at  some  operations  with 
cadmium  exposures  above  the  PEL.  A 
mobile  trailer  with  the  necessary 


facilities  including  a  water  supply, 
showers  and  lockers  could  be  rented  for 
about  $100  per  day.  On  average,  an 
estimated  700  employees  may  need  to  be 
provided  with  such  facilities  daily. 
Assuming  one  trailer  would  be  rented 
for  every  five  employees  exposed  above 
the  PEL,  then  on  average  140  such 
trailers  would  each  be  rented  for  250 
days  each  year.  The  total  annual  cost 
for  the  trailers  would  be  $3.5  million. 

The  estimated  cost  of  showering  on 
work  time  is  $900  per  full-time 
equivalent  employee  annually  (based  on 
fifteen  minutes  per  day  for  240  days  per 
year  at  $15  an  hour).  This  cost  would 
apply  to  an  estimated  700  employees 
daily,  and  the  total  annual  cost  would 
be  $630,000.  The  total  annual  cost 
associated  with  requirements  for 
hygiene  facilities  would  be  $4.13  million. 

In  addition,  employees  exposed  above 
the  PEL  would  be  required  to  be 
provided  with  protective  clothing.  The 
estimated  cost  per  employee  would  be 
$104  per  year,  and  the  total  cost  for  the 
industry  would  be  about  $73,000 
annually.  The  total  annual  cost  for 
hygiene  facilities  and  protective  clothing 
for  the  construction  industry  would  be 
an  estimated  $4,203  million. 

Provisions  in  the  final  cadmium 
standard  for  information  (including 
warning  signs,  labels,  and  other 
information-related  provisions),  training, 
and  recordkeeping  may  impose 
additional  costs  of  compliance  on 
construction  employers  with  employees 
exposed  to  cadmium.  For  operations 
where  exposures  may  exceed  the  PEL, 
regulated  areas  would  need  to  be 
established.  Employers  would  be 
required  to  train  employees  and  to 
develop  written  compliance  programs. 
These  requirements  would  apply 
infrequently  and  only  for  work  that 
involves  potential  cadmium  exposure. 

These  requirements  should  not 
involve  substantial  burdens  for 
construction  employers.  Regulated  areas 
can  be  established  at  construction  sites 
with  inexpensive  barricade  tape; 
training  is  required  by  existing 
standards,  and  incremental  training 
required  by  this  standard  can  be 
incorporated  into  current  training 
programs;  a  written  compliance  program 
would  describe  the  use  of  respirators  or 
other  measures  used  to  limit  employee 
exposures.  The  compliance  costs  for 
these  provisions  may  average  about 
$100  for  each  employee  exposed  above 
the  PEL  at  some  time  during  the  year; 
the  total  annual  cost  for  the  industry 
would  be  an  estimated  $700,000. 

The  annual  costs  of  compliance  for 
the  construction  industry  are 
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summarized  Table  VUI-C51.  The  total 
estimated  annual  cost  is  $10,503  million. 

Economic  feasibility  of  a  5  jig/m3 
PEL.  The  final  cadmium  standard  for  the 
construction  industry  is  economically 
feasible.  The  total  annual  costs  of 
compliance  would  be  about  $10.5  million 
and  would  not  threaten  the  competitive 
stability  or  the  existence  of  the 
construction  industry.  The  value  of 
construction  work  done  by  these 
employees  is  estimated  to  be  $490 
million,  or  an  average  of  about  $70,000 
for  the  7,000  full-time  equivalent 
employees  potentially  exposed 
annually. 

Table  VI11-C51.— Estimated  Costs  of 
Compliance  with  the  Revised  Cadmi¬ 
um  Standard  for  the  Construction 
Industry 


Provision 

Annualized 

cost 

(Sthou- 

sands) 

0.0 

350.0 

2.870.0 

2.380.0 

4.203.0 

700.0 

Recordkeeping  and  Information . 

10,503.0 

Note:  Costs  do  not  include  current  expenditures. 
Source:  Office  of  Regulatory  Analysis.  OSHA,  U.S. 
Department  of  Labor. 


The  compliance  costs  represent  less 
than  2.2  percent  of  the  revenues 
associated  with  the  activities  affected 
by  the  requirements  of  the  cadmium 
standard. 

Costs  incurred  by  construction 
employers  would  probably  be  passed 
through  to  customers,  and  prices  would 
generally  increase  for  work  involving 
employee  exposures  to  cadmium. 
Employers  should  be  able  to  anticipate 


cost  increases  and  include  compliance 
costs  in  their  price  estimates. 

Compliance  with  the  cadmium  standard 
would  not  require  large  capital 
expenditures.  The  costs  would  primarily 
be  incurred  on  a  per-project  basis  and 
would  vary  according  to  the  size  of  the 
project. 

In  response  to  OSHA’s  requests  for 
information  and  comments  from  the 
public,  no  construction  employers 
questioned  the  economic  feasibility  of 
the  proposed  cadmium  standard  or 
OSHA's  estimated  costs  of  compliance 
for  the  construction  industry.  The 
ACCSH  recommended  modifications  to 
the  proposed  rule  that  generally  would 
increase  its  stringency  and  cost  [4  and 
5].  A  representative  of  the  Committee 
testified  that  the  cost  of  these 
requirements  would  be  bearable  and 
that  the  resulting  standard  would  be 
“one  that  [construction  employers]  can 
implement  and  comply  with"  [6,  p.  VII- 
15]. 
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6.  Hearing  Transcript,  June  13, 1990. 

D.  Economic  Feasibility  and  Regulatory 
Flexibility  Analysis 

Economic  Impacts 

Based  on  the  evidence  in  the  record. 
OSHA  has  determined  that  compliance 
with  the  final  cadmium  standard  is 
economically  feasible  in  each  of  the 
affected  industries. 

Table  VIII-Dl  summarizes  the 
economic  impacts  for  the  industries 
affected  by  this  rulemaking.  For  most 
industries,  the  standard  affects  a  limited 
number  of  activities  and  the  costs  of 
compliance  represent  less  than  0.1 
percent  of  revenues.  The  compliance 
costs  are  generally  expected  to  result  in 
slight  increases  in  prices  for  goods  and 
services  associated  with  occupational 
cadmium  exposures. 

In  some  industries  price  increases 
needed  to  recoup  compliance  costs  may 
decrease  sales  volume.  For  these 
establishments  the  standard  may  result 
in  some  reduction  in  profits.  OSHA  does 
not  expect  the  standard  to  significantly 
affect  the  viability  of  continuing 
operations  in  any  industry  or  to  result  in 
any  plant  closures.  However,  to  the 
extent  that  compliance  costs  contribute 
marginally  to  increased  production 
costs,  prospects  for  economic  expansion 
and  employment  growth  in  industries 
with  cadmium  exposure  may  be 
diminished,  Additional  details  of  the 
economic  analysis  for  each  industry  can 
be  found  in  the  preceding  sections  in 
which  the  specific  industries  are 
analyzed. 

Basically,  the  regulation  tends  to  trade 
some  of  the  societal  benefits  of 
producing  and  using  products  containing 
cadmium  for  greater  protection  among 
exposed  employees. 


Table  VIII-D1  —Summary  of  Economic  Impacts  by  Industry 

[Thousands  of  dollars] 


Industry 

Number  of 
affected 
establishments 

Total  annual 
costs  of 
compliance 

Average 
annual  cost 
Rer  affected 
establishment 

Total  annual 
revenues 

Ratio  of 
compliance 
costs  to 
revenues 

Total  annual 
profits 

Ratio  of 
compliance 
costs  to  profits 

6 

1.947 

324.5 

185.000 

0.011 

7.400 

0.263 

5 

1,723 

344.6 

230.000 

0007 

NA 

NA 

4 

473 

118.4 

30.000 

0.016 

1,500 

0.316 

700 

7.370 

10.5 

900.000 

0.008 

45,000 

0.164 

5 

935 

18T1 

92,000 

0.010 

8,300 

0.113 

'  4 

283 

70.7 

176,000 

0.002 

NA 

NA 

400 

787 

2.0 

200.000 

0.004 

8.800 

0.089 

4.000 

2.388 

0.6 

140,000,000 

0  000 

7.000,000 

0.000 

120 

1.638 

13.7 

64,000,000 

0.000 

NA 

NA 

5.244 

17.545 

3.3 

205.813.000 

0.000 

7,071.000 

0.002 

50.000 

10,000 

159.615 

3.2 

290,820.000 

0.001 

14.731,000 

0.011 

10.5C3 

1.1 

490.000 

0.021 

NA 

NA 

65.244 

187,663 

2.9 

497,123,000 

0.000 

21,802.000 

0.009 
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Note:  (1)  Costs  do  not  include  current  expenditures.  (2)  Where  sales  or  profit  data  provided  to  the  record  for  specific  companies  or  industries  were  used,  the 
information  was  verified  through  pubhcly  available  sources  such  as  Dun  &  Bradstreet.  DIALOGUE.  Dow  Jones  News  Retrieval,  and  News. 

Source:  Office  of  Regulatory  Analysis.  OSHA,  U.S.  Department  of  Labor. 


Compliance  with  the  standard 
ultimately  causes  production  resources 
to  be  shifted  from  the  regulated 
industries  and  from  other  sectors  of  the 
economy  to  compliance-related 
activities.  Although  the  overall  effect  on 
the  economy  will  probably  be 
undetectable,  a  very  slight  increase  in 
prices  may  result  from  the  improvement 
in  the  protection  of  the  health  of 
employees  exposed  to  cadmium. 

Regulatory  Flexibility  Analysis 

In  accordance  with  the  Regulatory 
Flexibility  Act  of  1980  (Pub.  L.  98-353, 94 
Stat.  1164  (5  U.S.C.  601]),  OSHA  has 
evaluated  the  potential  impact  of  the 
revised  standard  on  small 
establishments.  As  a  result  of  this 
review,  OSHA  has  determined  that  the 
revised  standard  would  not  have  a 
significant  adverse  impact  on  a 
substantial  number  of  small 
establishments. 

Establishments  with  employees 
exposed  to  cadmium  may  incur 
compliance  costs  to  protect  the  health  of 
their  employees.  The  cost  of  providing 
adequate  protection  would  depend  on 
the  existing  exposure  levels,  the  extent 
of  current  protective  measures,  and  on 


the  nature  of  the  operation.  As 
demonstrated,  above,  the  estimated 
compliance  costs  would  be  feasible  for 
establishments  in  each  affected 
industry. 

The  affected  establishments  in  each 
industry  may  include  some  small 
establishments.  Smaller  establishments 
would  have  fewer  employees  and 
correspondingly  lower  compliance  costs. 
Since  the  impacts  would  generally  be 
proportionally  lower  for  smaller 
establishments,  the  revised  standard 
would  not  create  any  significant 
competitive  disadvantage  based  on  firm 
size.  Table  VI1I-D2  shows  the  estimated 
average  annual  costs  of  compliance  for 
small  and  large  establishments. 

The  Small  Business  Administration 
(SBA)  objected  to  the  proposed  standard 
because  the  proposed  PEL  “is  not 
warranted  by  health  risks  nor  is  it 
technically  feasible"  [1].  The  health 
risks  are  discussed  extensively  in  other 
sections  of  the  preamble,  and  OSHA 
believes  that  the  potential  benefits  of 
the  final  standard  are  real  and 
substantial,  as  supported  by  the  record. 
The  regulatory  impact  analysis  has  also 
shown  that  the  final  standard  is  both 


technologically  and  economically 
feasible. 

OSHA  has  included  provisions  in  the 
final  standard  to  minimize  the  burden 
for  small  establishments.  In  response  to 
one  of  the  primary  concerns  of  the  SBA, 
OSHA  relaxed  requirements  for  firms 
with  employees  with  intermittent 
exposures  by  changing  the  trigger 
mechanism  for  medical  surveillance. 
OSHA  also  reviewed  other  non¬ 
engineering  requirements  to  ensure  that 
only  those  necessary  to  protect  the 
health  of  employees  would  be  included 
in  the  final  standard. 

The  final  standard  may  impose 
compliance  costs  on  some  small 
establishments,  but  the  ability  of  small 
establishments  to  compete  effectively, 
remain  in  business,  and  retain  market 
share  would  not  be  inhibited.  Small 
establishments  may  find  themselves  at 
an  advantage  in  some  cases  with  the 
flexibility  to  adapt  or  specialize  in 
markets  involving  cadmium  products. 
Whether  an  industry  is  dominated  by 
small  businesses  or  by  large  companies, 
the  final  cadmium  standard  would  not 
impose  a  greater  relative  burden  on 
small  establishments. 


Table  VIU-D2.— Comparison  of  Impacts  on  Small  and  Large  Establishments 


Small 

Large 

Total 

Number  of  affected  establishments.  . . . . j  45.580 

Number  of  affected  employees . . . . . . . .  — . j  73,000 

Annual  compliance  cost  (in  thousands) . . . . . . .  — . j  $27,410 

Average  annual  cost  per  affected  establishment  _ _ _  ...  . . . . .  .  . . . 1  $601 

19,664 

452,000 

$160,323 

$8,153 

$355 

65,244 

525.000 

$187,733 

$2,877 

$358 

Note:  Small  establishments  are  defined  as  having  fewer  than  20  employees. 
Source:  Office  of  Regulatory  Analysis.  OSHA,  U  S.  Department  of  Labor. 


OSHA  recognizes  that  some 
establishments  may  need  assistance  in 
complying  with  safety  or  health 
regulations.  The  OSHA  Office  of 
Compliance  Assistance  and 
representatives  of  regional  and  area 
OSHA  offices  are  available  for 
answering  questions  and  offering  advice 
to  small  businesses.  In  addition,  small 
businesses  may  take  advantage  of 
OSHA’s  consultation  program  which 
conducts  a  comprehensive  assessment 
of  facilities,  provides  guidance,  and 
makes  recommendations.  The  final 
cadmium  rule  also  incorporates 
extended  compliance  dates  for  small 
businesses. 

OSHA  recognizes  the  importance  of 
avoiding  unnecessary  burdens  on  small 
(and  also  larger)  establishments  and  has 


taken  steps  to  ensure  that  the  revised 
cadmium  standard  would  not  involve 
such  consequences.  Small 
establishments  should  be  able  to 
continue  to  profitably  provide  goods  and 
services  demanded  in  the  economy 
without  endangering  the  health  of  their 
employees. 

Notes 

1.  United  States  Small  Business 
Administration,  “Comments  of  the  Chief 
Counsel  for  Advocacy  of  the  United  States 
Small  Business  Administration,”  Mark  S. 
Hayward,  Acting  Chief  Counsel,  October  18, 
1990. 

E.  Environmental  Impact  Assessment 

This  final  rule  has  been  reviewed  in 
accordance  with  the  requirements  of  the 
National  Environmental  Policy  Act 


(NEPA)  of  1969  (42  U.S.C.  4321  et  seq.), 
the  Guidelines  of  the  Council  on 
Environmental  Quality  (40  CFR  parts 
1500-1517),  and  OSHA’s  DOL  NEPA 
procedures  (29  CFR  part  11).  As  a  result 
of  this  review,  OSHA  has  determined 
that  the  promulgation  of  this  rule  would 
have  no  significant  environmental 
impact.  Any  changes  that  would  result 
from  compliance  with  this  rule  would 
tend  to  reduce  emissions  of  cadmium 
from  the  work  place. 

F.  Benefits 
Introduction 

The  health  risks  associated  with 
exposurerio  cadmium  are  discussed  at 
length  in  other  sections  of  the  preamble. 
Potential  health  effects  include 
increased  risks  of  lung  cancer  and  of 
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kidney  dysfunction.  The  excess  risks 
attributable  to  cumulative  exposures 
were  estimated  and  quantified.  The 
estimated  incremental  increase  in  risk 
corresponding  to  various  levels  of 
exposure  was  expressed  as  a  dose- 
response  relationship. 

In  this  section  the  dose-response 
formula  is  applied  to  the  existing 
exposure  levels  of  the  exposed 
employees  to  determine  the  excess  risk 
faced  by  the  employees  and  the  total 
number  of  fatalities  and  illnesses  that 
may  result  from  the  exposures.  In 
addition,  the  dose-response  formula  is 
applied  to  the  projected  exposure  levels 
that  would  result  from  full  compliance 
with  the  final  cadmium  standard,  and 
the  expected  reduction  in  the  incidence 
rates  and  in  the  total  number  of 
fatalities  and  illnesses  is  calculated. 

The  resulting  numbers  representing 
expected  benefits  from  this  regulation 
should  be  viewed  in  context.  First,  the 
numbers  are  derived  through  the 
complex  process  of  quantitative  risk 
assessment  which  involves  a  series  of 


assumptions  in  evaluating 
epidemiological  evidence  and  animal 
studies.  Second,  additional  benefits  may 
not  be  included  in  these  numbers,  such 
as  reduced  exposure  resulting  from 
restricted  access  to  exposure  areas, 
increased  awareness  of  hazards, 
improved  hygiene  practices,  and  early 
detection  of  potential  problems.  Third, 
the  estimates  of  lifetime  excess  risk  are 
based  on  full-time  exposure  over  45 
years;  to  the  extent  that  employees  are 
not  so  exposed,  the  total  excess  risk 
may  be  spread  over  a  larger  population 
and  the  actual  risk  may  vary. 

Cancer  Risk 

Table  VIII-Fl  shows  the  estimated 
number  of  exposed  employees  in  the 
affected  industries  and  the  current 
average  exposure  level  among  the 
exposed  employees.  For  purposes  of 
estimating  benefits,  the  current  average 
exposure  level  reflects  the  estimated 
mean  concentration  of  cadmium  in  the 
air  inhaled  by  the  employees.  For 
employees  currently  wearing  respirators 


exposure  levels  were  adjusted  down  to 
one  tenth  of  the  ambient  concentration. 

Quantitative  risk  assessments  (QRAs) 
for  lung  cancer  were  applied  to  the 
number  of  employees  and  the  exposure 
level  in  each  job  category  to  determine 
the  number  of  excess  cases  attributable 
to  current  exposures.  The  calculation 
was  repeated  using  the  projected 
exposure  levels  estimated  to  be 
achieved  under  compliance  with  the 
final  standard;  the  difference 
determined  the  number  of  cases 
potentially  preventable  by  the  standard. 

Based  on  four  risk  models  developed 
by  OSHA  Health  Standards,  compliance 
with  the  reduced  exposure  limit  is 
expected  to  prevent  from  9  to  27  cancer 
fatalities  each  year  out  of  13  to  40 
excess  cancer  fatalities  currently  taking 
place.  Within  this  range,  OSHA’s 
Multistage  Model  predicts  17  to  18 
cancers  avoided  annually  out  of  25 
excess  cancer  fatalities  (see  Table  VIII- 
Fl). 


Table  VIII-Fl.— Expected  Reduction  in  Excess  Cancer  Cases  Using  the  Multistage  Model 


Industry 

Number  of 
exposed 
employees 

Current 
average 
exposure  * 
jtg/mf 

Total  excess 
cases  after  45 
years 

Average 
annual  excess 
number  of 
cancer  cases 

Projected 
average 
exposure  * 
ng/ms 

Average 
annual  excess 
cancer  cases 
prevented 

Nickel-cadmium  batteries . _ . . . 

1,500 

20 

33 

0.74 

0.66 

1,350 

14 

21 

0.48 

0.38 

100 

28 

3 

0.07 

3.0 

0.06 

7,000 

200 

5 

38 

0.85 

2.0 

0.54 

24 

5 

0.12 

3.0 

0.11 

400 

5 

2 

0.05 

2.0 

003 

1,200 

2 

3 

0.06 

1.0 

0.03 

37,500 

40,000 

26,436 

6,648 

17,202 

2,524 

519 

1 

41 

0.91 

1.0 

0.00 

2 

38 

1.95 

1.0 

102 

General  industry,  nec: 

6.0 

T74 

3.87 

3.37 

3.0 

22 

0.49 

0.34 

1.0 

19 

0.42 

:r WH 

0.09 

t.o 

3 

0.06 

0.6 

0.03 

6.0 

3 

0.08 

1.0 

0.07 

233 

2.0 

1 

0.01 

1.0 

0.01 

64,344 

5.0 

353 

7.85 

1.5 

5.74 

11,323 

89,098 

0.4 

5 

0.11 

■JJ 

0.03 

1.0 

98 

2.T7 

1.58 

147,239 

70,000 

t.o 

161 

3.58 

2.99 

Construction . . . . . 

0.5 

38 

0.85 

111 

0.36 

524,816 

1,112 

24.70 

■■ 

17.40 

1  Estimates  of  exposures  include  reductions  for  respirator  use  as  applicable. 
Source:  Office  of  Regulatory  Analysis,  OSHA,  U  S.  Department  of  Labor. 


The  reductions  would  apply  to  risks 
associated  with  cumulative  exposures 
over  working  lifetime,  and  thus  the 
annual  benefits  would  be  phased  in  over 
45  years.  Employee  turnover  in 
occupations  with  exposure  would  result 
in  a  greater  number  of  individuals  at 
risk  with  a  lower  excess  risk  for  each 
individual.  The  total  excess  risk  is 
assumed  to  remain  unchanged. 

Based  on  the  Multistage  Model 
quantitative  risk  assessment,  about 


1,112  cases  of  lung  cancer  would  be 
attributable  to  cadmium  exposure 
among  the  equivalent  of  525,000 
employees  with  a  working  lifetime  of 
exposure  at  current  levels.  Compliance 
with  the  revised  cadmium  standard 
should  prevent  783  of  these  cases. 

The  estimated  annual  number  of 
excess  and  prevented  cancer  cases 
associated  with  each  of  the  QRAs  for 
lung  cancer  are  shown  in  Table  VIII-F2. 


Kidney  Dysfunction  Risk 

As  discussed  in  the  health  effects 
section  of  the  preamble,  exposure  to 
cadmium  may  result  in  damage  to  the 
kidneys.  Levels  of  urinary  proteins  can 
be  used  as  indicators  of  kidney  damage. 
These  levels  may  vary  depending  on  a 
variety  of  temporary  and  permanent 
conditions,  and  will  usually  increase 
with  age  as  the  capacity  of  the  kidneys 
naturally  deteriorates.  In  addition  to 
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other  causes  of  kidney  damage,  most 
people  absorb  small  amounts  of 
cadmium  as  part  of  their  diet.  Cadmium 
is  collected  in  the  kidneys,  and  its  low 
excretion  rate  causes  the  effects  to  be 
largely  cumulative. 

For  purposes  of  estimating  the 
benefits  associated  with  compliance 
with  this  standard,  an  elevated  level  of 
urinary  proteins  was  considered  an 
illness  (kidney  dysfunction). 


Table  VIII-F2. —  Estimated  Benefits 
Based  on  Various  Risk  Models 


Model 

Annual  cancer 
cases  with  a  PEL 
of  5  fig/m  1 
(prevented /total 
excess) 

Annual  kidney 
cases  with  a  PEL 
of  5  fta/* 
(prevented/total 
excess) 

27.3/40.4 

Cox . 

13.1/17.5 

Multistage... 

17.4/24.7 

Relative 
Risk . 

9.0/13.4 

1. 1/1.6 

Ellis . 

273.0/391.6 

Jarup  1 . 

Jarup  2 . 

Mason  1 . 

77.8/111.2 
46.1/65.9 
69  1/98.9 

Table  VIII-F2.—  Estimated  Benefits 
Based  on  Various  Risk  Models— 
Continued 


Annual  cancer 

Annual  kidney 

cases  with  a  PEL 

cases  with  a  PEL 

Model 

of  5  pg/m  * 

of  5  fig/’ 

(prevented/total 

(prevented/total 

excess) 

excess) 

Mason  2 . 

. . 

112.0/160.8 

Source:  Office  of  Regulatory  Analysis,  OSHA.  U.S. 
Department  of  Labor. 


Persons  with  kidney  dysfunction 
would  be  at  an  increased  risk  of 
developing  more  serious  kidney-related 
problems.  The  quantitative  risk 
assessment  developed  by  OSHA 
(explained  in  detail  in  the  preamble) 
indicates  the  average  excess  risk  of 
kidney  dysfunction  faced  by  individuals 
with  a  given  cumulative  level  of 
occupational  exposure. 

The  total  excess  risk  addressed  by 
this  standard  was  calculated  by 
assuming  that  cumulative  exposure 
levels  of  employees  would  be 
represented  by  45  years  of  exposure  at 
current  levels.  To  the  extent  that  the 


total  amount  of  exposure  may  involve  a 
larger  number  of  employees  with  lower 
cumulative  exposures,  individual  risks 
may  vary  but  the  aggregate  risk  should 
not  change  significantly. 

Table  VIII-F3  shows  the  estimated 
number  of  exposed  employees  in  the 
affected  industries  and  the  current 
average  exposure  level  among  the 
exposed  employees.  For  purposes  of 
estimating  benefits,  the  current  average 
exposure  level  reflects  the  estimated 
mean  concentration  of  cadmium  in  the 
air  inhaled  by  the  employees.  For 
employees  currently  wearing  respirators 
exposure  levels  were  adjusted  down  to 
one  tenth  of  the  ambient  concentration. 

Quantitative  risk  assessments  (QRAs) 
for  kidney  dysfunction  were  applied  to 
the  number  of  employees  and  the 
exposure  level  in  each  job  category  to 
determine  the  number  of  excess  cases 
attributable  to  current  exposures.  The 
calculation  was  repeated  using  the 
projected  exposure  levels  estimated  to 
be  achieved  under  compliance  with  the 
final  standard;  the  difference 
determined  the  number  of  cases 
potentially  preventable  by  the  standard. 


Table  V1II-F3.—  Expected  Reduction  in  Excess  Kidney  Dysfunction  Cases  Using  the  Jarup-1  Model 


Industry 

Number  of 
exposed 
employees 

Current 
average 
exposure  1 
Oxg/m  ^ 

1,500 

1,350 

100 

20 

14 

28 

7,000 

200 

5 

Cadmium  stabilizers . 

24 

400 

5 

1,200 

37,500 

40,000. 

26,436 

2 

1 

2 

General  Industry,  NEC: 

Chemical  mixers . 

6.0 

6,648 

17.202 

3.0 

1.0 

2,524 

519 

1.0 

6.0 

233 

2.0 

64,344 

11,323 

89,098 

5.0 

0.4 

1.0 

147,239 

70,000 

1.0 

0.5 

524,816 

Total  excess 
cases  after  45 
years 

Average 
annual  excess 
number  of 
cases 

Projected 
average 
exposure  ‘ 
(Ao/m  1 

Average 
annual  excess 
cases 
prevented 

192 

4.27 

3.0 

3.79 

116 

2.57 

3.0 

2.13 

18 

0.40 

3.0 

036 

189 

420 

2.0 

2.75 

31 

0.69 

3.0 

0.82 

11 

0.24 

2.0 

0.16 

11 

0.25 

1.0 

0.14 

153 

3.39 

1.0 

0.00 

374 

8.32 

1.0 

4.72 

875 

19.45 

1.0 

16.26 

100 

2.22 

1.0 

1.49 

70 

1.56 

0.8 

0.31 

10 

0.23 

'  0.6 

0.09 

17 

0.38 

1.0 

0.32 

2 

0.05 

1.0 

0.03 

1.736 

38.59 

1.5 

27.11 

15 

0.33 

0.3 

0.08 

363 

8.06 

0.3 

5.66 

599 

13.31 

0.2 

10.69 

122 

2.71 

0.3 

1.09 

5,005 

111.22 

77.79 

1  Estimates  of  exposures  Include  reductions  for  respirator  use  as  applicable. 
Source:  Office  of  Regulatory  Analysis.  OSHA.  U.S.  Department  of  Labor 


Based  on  OSHA's  best  estimate  of 
kidney  dysfunction  risks  (as^ described 
in  the  quantitative  risk  assessment 
section),  from  68  to  112  cases  are 
expected  to  be  prevented  out  of  a  total 
of  97  to  160  cases.  Within  this  range, 
OSHA’s  )arup-l  Model  predicts  78 
kidney  dysfunctions  avoided  annually 
out  of  111  kidney  dysfunction  cases  (see 
Table  VIII-F3).  The  reductions  would 


apply  to  risks  associated  with 
cumulative  exposures  over  working 
lifetime,  and  thus  the  annual  benefits 
would  be  phased  in  over  45  years. 
Employee  turnover  in  occupations  with 
exposure  would  result  in  a  greater 
number  of  individuals  at  risk  with  a 
lower  excess  risk  for  each  individual. 
The  estimated  total  excess  risk  is 
assumed  to  remain  unchanged. 


Based  on  the  Jarup-1  Model 
quantitative  risk  assessment,  about 
5,005  cases  of  kidney  dysfunction  would 
be  attributable  to  cadmium  exposure 
among  the  equivalent  of  525,000 
employees  with  a  working  lifetime  of 
exposure  at  current  levels.  Compliance 
with  the  revised  cadmium  standard 
should  prevent  3.510  of  these  cases. 
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The  estimated  annual  number  of 
excess  and  prevented  kidney 
dysfunction  cases  associated  with  each 
of  the  QRAs  for  kidney  dysfunction  are 
shown  in  Table  VIII-F2. 

IX.  Summary  and  Explanation  of  the 
Final  Standard  (General  Industries, 
Agriculture,  and  Maritime) 

OSHA  believes  that,  based  on 
currently  available  information  in  the 
cadmium  rulemaking  record,  the 
requirements  set  forth  in  this  final  rule 
are  necessary  and  appropriate  to 
provide  adequate  protection  to 
employees  exposed  to  cadmium. 

The  language  of  the  standard  and  the 
order  of  the  various  provisions  are 
consistent  with  other  recent  OSHA 
health  standards,  such  as  the 
formaldehyde  and  benzene  standards. 
OSHA  believes  that  a  similar  style 
should  be  followed  from  standard  to 
standard  to  facilitate  uniformity  of 
interpretation  of  similar  provisions. 

Some  modifications  have  been  made  to 
this  standard  in  response  to  the 
particular  nature  of  cadmium  as  an 
occupational  health  hazard  and  to 
experience  previously  gained  with  other 
health  standards.  Section  6(b)(5)  of  the 
Act  states  that  health  standards  shall 
also  be  based  on  “experience  gained 
under  this  and  other  health  and  safety 
laws.” 

Scope  and  Application:  Paragraph  (a) 

This  final  cadmium  standard  applies 
to  all  occupational  exposure  to  cadmium 
and  all  cadmium  compounds,  in  all 
forms,  including  fume  and  dust.  The 
addition  to  the  final  standard  of  the 
words  “all  cadmium  compounds”  and 
“all  forms"  only  clarifies  and  makes 
explicit  the  broad  scope  that  was 
intended  and  implicit  in  the  proposal. 
The  standard  applies  to  all  industries 
covered  by  the  OSH  Act,  including 
shipyards,  marine  terminals, 
longshoring,  and  agriculture,  except  the 
construction  industry.  OSHA  is 
amending  Parts  1915, 1917, 1918  and 
1928  to  apply  this  standard  to  these 
industries.  Exposure  to  cadmium  in  the 
construction  industry  is  covered  by  a 
separate  cadmium  standard  for  that 
industry,  29  CFR  1926.63.  All 
occupational  exposures  to  cadmium  are 
covered,  because  the  risk  from  exposure 
to  cadmium  is  dependent  on  the  extent 
of  exposure  and  not  on  the  segment  of 
industry  where  the  employee  may  be 
employed. 

The  categorization  of  workers  who 
are  covered  by  this  standard  is  slightly 
different  from  the  categorization  used  in 
the  proposal  (55  FR  4052).  The 
explanation  of  the  need  for  this  change 


is  discussed  under  the  section  on  the 
Regulatory  Impact  Analysis. 

OSHA  estimates  that  about  524,816 
workers  are  potentially  exposed  to 
cadmium.  Of  these,  approximately 
70,000  workers  are  potentially  exposed 
in  the  construction  industry.  Of  the 
remaining  455,000  workers, 
approximately  89,250  are  exposed  in 
nine  industries  where  cadmium 
exposure  is  more  prevalent.  These  nine 
are:  nickel-cadmium  (Ni-Cd)  battery 
manufacturing,  zinc/cadmium 
production,  cadmium  pigments 
production,  lead  smelting/refining, 
cadmium  plating,  plastic  stabilizer 
production,  dry  color  formulation, 
electric  utilities,  and  iron  and  steel. 

(Table  VIII-Al,  Office  of  Regulatory 
Analysis,  Regulatory  Impact 
Assessment  Section). 

The  remaining  366,000  employees 
covered  by  the  standard,  who  constitute 
about  70%  of  all  employees  potentially 
exposed  to  cadmium,  are  in  10  separate 
occupations  common  to  approximately 
98  industries.  These  occupations  involve 
exposure  to  cadmium  during  the 
handling,  heating,  or  other  processing  of 
cadmium  or  its  compounds.  The 
occupations  are:  Chemical  mixers, 
electroplaters,  furnace  operators,  kiln/ 
kettle  operators,  heat  treaters, 
equipment  cleaners,  metal  machinists, 
painters,  repair/utility  workers,  and 
welders,/ solderers.  The  industries  in 
which  one  or  more  of  these  occupations 
are  found  include  foundries,  machinery 
production,  electronic  components 
production,  automotive  repair, 
photographic  equipment  production, 
aircraft  and  ship  building,  paper 
production,  glass  and  pottery 
production,  and  air  transportation, 
among  others.  (Table  VIII-Al,  Office  of 
Regulatory  Analysis,  Regulatory  Impact 
Assessment  Section). 

The  only  important  issue  raised  in  the 
rulemaking  concerning  the  scope  of  the 
proposed  cadmium  standard  was 
whether  a  separate  standard  should 
apply  to  the  construction  industry. 
Several  commenters  favored  covering 
the  construction  industry  in  the  general 
industry  standard  (Exs.  19-8;  19-21;  57). 
However,  a  representative  of  OSHA’s 
Advisory  Committee  on  Construction 
Safety  and  Health  testified  in  opposition 
to  extending  the  general  industry 
standard  to  construction  and  in  favor  of 
a  construction-specific  standard  that 
would  address  the  unique  conditions  in 
that  industry  (Tr.  6/13/90,  pp.  4-16). 

OSHA  agrees  with  the  Advisory 
Committee  that  such  a  standard  is 
needed.  OSHA  is  therefore  promulgating 
a  separate  standard  for  the  construction 
industry  that  is  adapted  to  the  particular 


conditions  of  that  industry  and  assures 
protection  to  construction  workers  that, 
to  the  extent  feasible,  is  comparable  to 
the  protection  afforded  workers  in 
general  industry  by  this  standard. 

OSHA  does  not  understand  the 
comments  favoring  inclusion  of  the 
construction  industry  within  the  scope 
of  the  general  industry  standard  as 
opposed  to  this  result.  The  primary 
concern  reflected  in  those  comments  is 
that  construction  workers  be  assured 
prompt  and  adequate  protection  from 
excess  exposure  to  cadmium.  OSHA 
believes  that  this  can  be  accomplished 
more  effectively  by  promulgation  of  a 
comparably  protective,  construction- 
specific  standard  in  conjunction  with  the 
promulgation  of  a  general  industry 
standard  that  excludes  the  construction 
industry.  Based  upon  the  record 
evidence  in  this  rulemaking,  including 
pre-hearing  comments  submitted  by  the 
Advisory  Committee  concerning  special 
working  conditions  in  the  construction 
industry,  testimony  at  the  public  hearing 
by  a  representative  of  the  Committee, 
and  the  draft  of  recommended 
modifications  to  the  proposed  rule 
submitted  by  the  Committee  (Exs.  8-665; 
14-5;  53),  OSHA  has  developed  a 
separate  and  somewhat  modified 
cadmium  standard  for  the  construction 
industry,  29  CFR  1926.63.  A  full 
disucssion  of  the  development  of  that 
standard  can  be  found  in  the  preamble 
to  the  construction  standard. 

Other  issues  were  raised  in  the 
rulemaking  that  have  some  relevance  to 
the  scope  of  the  standard,  but  these 
issues  are  best  addressed  elsewhere  in 
this  preamble.  For  example,  a  dispute 
about  the  regulation  of  cadmium  fume 
and  dust  is  not  a  dispute  about  whether 
both  should  be  regulated  in  this 
standard.  Rather,  the  dispute  only 
concerns  whether  dust  and  fume  should 
be  regulated  differently  as  they  were  in 
the  pre-existing  OSHA  PELs.  (For  a 
complete  discussion  of  this  issue,  see 
Section  IX — Summary  and  Explanation 
under  (g),  below,  and  Section  V — Health 
Effects.)  Similarly,  a  discussion  of  the 
carcinogenicity  and  toxicity  of  cadmium 
pigments  is  provided  under  Section  V — 
Health  Effects  and  Section  VI — 
Quantitative  Risk  Assessment. 

Definitions:  Paragraph  (b) 

Action  level.  The  final  standard 
retains  the  same  definition  of  “action 
level"  (AL)  incorporated  in  the  proposal 
for  the  permissible  exposure  limit  (PEI.) 
of  5  jxg/ma.  The  action  level  is  defined 
as  an  airborne  concentration  of 
cadmium  of  2.5  pg/ms,  calculated  as  an 
8-hour,  time-weighted  average  (TWA). 
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The  action  level  provides  the  airborne 
exposure  of  cadmium  at  or  above  which 
medical  surveillance,  air  monitoring, 
and  the  provision  of  a  respirator  to  any 
employee  who  requests  one  are 
required.  Other  re<  ’irements  of  the 
standard  are  not  triggered  until 
exposures  exceed  the  PEL  Where 
exposures  are  determined  to  be  below 
the  action  level,  no  compliance  activities 
are  required  of  the  employer,  except 
those  required  by  paragraphs  (d)(4), 
(m){3),  and  (m)(4)  of  this  standard. 

In  this  and  other  standards  the  action 
level  has  been  set  at  one-half  of  the  PEL 
(e.g.,  Arsenic  Final  Standard.  29  CFR 
1910.1018;  Benzene  Final  Standard.  29 
CFR  1910.1028).  The  action  level 
provides  a  mechanism  to  tailor  certain 
requirements  of  the  standard  to  a 
minimum  level  of  employee  exposure  to 
cadmium  by  triggering  preventive  action 
by  the  employer  for  employees  who  face 
exposure  at  or  above  that  level.  The  use 
of  the  action  level  to  trigger  various 
provisions  of  the  cadmium  standard  is 
consistent  with  other  final  OSHA  health 
standards  (e.g.,  Asbestos.  51  FR  22612, 
June  20, 1986;  Benzene,  52  FR  34460, 
September  11, 1987;  Formaldehyde,  52 
FR  4668,  December  4, 1987;  Ethylene 
Oxide  decision  (796  F.2d  1479  (D.C.  Cir., 
1986)  and.  Public  Citizen  Health 
Research  Group  v.  Tyson,  796  F.2d  1479 
(D.C.  Cir.,  1986),  and  Acrylonitrile.  43  FR 
45809,  October  3, 1978). 

This  substantive  consistency  provides 
administrative  consistency  and 
continuity  to  employers  in  developing 
and  implementing  compliance  strategies 
for  this  and  other  applicable  OSHA 
health  standards  at  individual 
worksites.  In  addition,  use  of  an  action 
level  has  been  found  to  encourage 
employers,  where  feasible,  to  lower 
exposure  levels  to  below  the  action  level 
to  avoid  the  added  costs  of  required 
compliance  with  provisions  triggered  by 
the  action  level. 

As  exposures  are  lowered,  the  risk  of 
illness  among  workers  also  decreases. 
Cadmium  accumulates  in  the  body  over 
time.  Obviously,  cadmium  accumulates 
more  slowly  at  lower  exposure  levels. 
(See  section  VI,  Quantitative  Risk 
Assessment.)  When  exposure 
measurements  are  below  the  action 
level,  the  employer  can  be  reasonably 
confident  that  an  employee  will  not  be 
overexposed.  Because  of  the  somewhat 
variable  nature  of  employee  exposures 
to  airborne  concentrations  of  cadmium, 
maintaining  exposures  below  the  action 
level  provides  considerable  assurance  to 
the  employer  that  employees  will  not  be 
overly  exposed  to  cadmium;  i.e.  over  the 
permissible  exposure  limit  (PEL).  (For  a 
more  detailed  discussion  of  the  concept 


of  an  action  level,  see.  for  example,  the 
Acrylonitrile  preamble  (43  FR  45809, 
October  3, 1978),  and  the  Ethylene 
Oxide  preamble  (48  FR  17284,  April  21. 
1983  (Ex.  No.  159-49A)).) 

The  action  level  serves  other 
functions,  for  example,  it  defines  the 
coverage  of  medical  surveillance.  For 
employees  exposed  to  cadmium  at  or 
above  the  action  level  on  30  or  more 
days  per  year  (twelve  consecutive 
months),  employers  are  required  to 
provide  a  medical  surveillance  program. 
In  addition,  the  employer  is  also 
required  to  provide  medical  surveillance 
to  all  employees  who  prior  to  the 
effective  date  of  this  section  might 
previously  have  been  exposed  to 
cadmium  at  or  above  the  action  level  by 
the  same  employer  for  an  aggregated 
total  of  more  than  60  months. 

As  discussed  under  (1)  in  this 
Summary  and  Explanation,  the  medical 
surveillance  program  triggered  by  the 
action  level  is  targeted  to  the  organ 
system  most  sensitive  to  non- 
carcinogenic  cadmium  toxicity,  the 
kidney.  The  medical  surveillance 
program  will  facilitate  the  identification 
and  reduction  of  kidney  dysfunction  and 
is  expected  to  result  in  an  overall 
reduction  of  cadmium  exposure  and  of 
all  cadmium-related  illnesses. 

According  to  OSHA’s  risk  assessment, 
which  does  not  take  into  account  further 
reductions  in  risk  attributable  to  the 
ancilliary  provisions  of  this  standard, 
there  appears  to  be  continuing 
significant  cancer  risk  at  the  PEL.  Under 
the  recent  asbestos  decision  ( Building 
and  Construction  Trades  Department, 
AFL-CIO  vs.  Brock,  838  F.2d  1258,  D.C. 
Cir.  1988),  where  such  continuing 
significant  risk  appears  to  exists,  OSHA 
should  use  its  legal  authority  to  impose 
additional  requirements  on  employers  to 
further  reduce  risk  when  those 
requirements  will  result  in  a  greater- 
than-de-minimis  incremental  benefit  to 
workers’  health.  OSHA  concludes  that 
the  action  level  will  result  in  a  very  real 
and  necessary  further  reduction  in  risk 
over  that  provided  by  the  PEL  alone. 

The  action  level  provides  added 
employee  protection  while  increasing 
the  cost-effectiveness  and  performance- 
orientation  of  the  standard. 

The  main  issue  raised  in  the 
rulemaking  regarding  the  action  level 
was  whether  OSHA  should  set  it  at  the 
conventional  level  of  one-half  the  PEL 
OSHA  had  considered  setting  the  action 
level  still  lower  in  the  proposal  (55  FR 
4104-05)  to  expand  coverage  of  workers 
for  whom  medical  surveillance  would  be 
required.  The  Agency  decided  to  set  the 
PEL  at  5  pg/m3,  the  higher  of  the  two 
proposed  alternatives  and  to  set  the 


action  level  at  half  the  PEL  being  2.5 
pg/m3. 

One  commenter,  representing  Duke 
Power  Company,  opposed  setting  the 
action  level  at  less  than  half  the  PEL 
because  it  would  require  medical 
surveillance  for  a  significant  number  of 
workers  who  do  not  need  it  (Ex.  19-18). 
OSHA  agrees  that  setting  the  action 
level  at  less  than  half  the  PEL  primarily 
to  identify  more  workers  who  had  been 
excessively  exposed  in  the  past  would 
be  an  overly  broad  mechanism  for 
accomplishing  a  relatively  narrow,  if 
important,  purpose.  Instead,  as 
discussed  below,  OSHA  relies  in  this 
final  standard  on  a  specific  provision 
requiring  the  employer  to  also  provide 
medical  surveillance  to  certain 
employees  who  prior  to  this  standard 
were  exposed  to  cadmium.  This 
provision  triggers  medical  surveillance 
independently  of  the  current  action 
level.  Thus,  in  addition  to  having  to 
provide  medical  surveillance  to  certain 
employees  who  are  currently  exposed, 
employers  also  are  required  to  provide 
medical  surveillance  to  employees  who 
were  or  might  have  been  previously 
exposed  at  or  above  the  action  level  by 
the  current  employer  for  a  specified 
period  of  time,  regardless  of  whether 
they  are  currently  exposed  at  or  above 
the  action  level. 

OSHA  received  numerous  comments 
on  the  need  to  protect  veteran 
employees.  While  some  commenters 
were  of  the  opinion  that  veteran 
employees  would  not  need  coverage 
because  good  medical  evaluations  will 
identify  older  workers  at  risk  (e.g.,  Ex. 
19-31),  others  were  of  the  opinion  that 
specific  coverage  was  necessary  (Exs. 
19-23;  123).  OSHA  decided  to  set  the 
action  level  at  half  the  PEL,  as  proposed, 
and  to  establish  a  separate  provision  to 
address  the  issue  of  veteran  employees. 

Employee  exposure  is  defined  as  the 
exposure  to  airborne  cadmium  that 
would  occur  if  the  employee  were  not 
using  respiratory  protective  equipment. 
This  definition  is  intended  to  apply  to  all 
variations  of  the  term  “employee 
exposure”  that  have  essentially  the 
same  meaning,  such  as  "exposed 
employee"  and  "exposure."  The 
definition  is  consistent  with  OSHA’s 
previous  use  of  the  term  in  other 
standards  (Asbestos,  29  CFR  1910.1001; 
Benzene,  29  CFR  1910.1028,  Ethylene 
Oxide,  29  CFR  1910.1047).  Employee 
exposure  or  “exposed"  means  the  level 
of  cadmium  that  an  employee  is 
subjected  to  in  the  course  of 
employment. 

Final  medical  determination  is  the 
physician’s  written  medical  opinion  of 
the  employee’s  health  status.  Under 
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paragraphs  (1)(3)— (1)(12),  the  written 
medical  opinion  of  the  examining 
physician  is  the  "final  medical 
determination."  Where  either  multiple 
physician  review  or  the  alternative 
physician  determination  mechanism  has 
been  invoked  under  paragraphs  (1)(13) 
or  (1)(14),  respectively,  the  final  medical 
determination  is  the  final,  written 
medical  finding,  determination  or 
recommendation  that  emerges  from  that 
process. 

The  terms  "Assistant  Secretary”, 
"authorized person”,  "Director”,  "high- 
efficiency  particulate  absolute  [HEP A] 
air  filter”,  and  "regulated  area”  are 
defined  in  this  final  standard  essentially 
as  proposed.  These  definitions  are 
based  on  OSHA’s  previous  experience 
and  are  consistent  with  OSHA's  use  of 
these  terms  in  other  health  standards. 
These  definitions  generally  have  not 
been  commented  upon. 

Permissible  Exposure  Limit  (PEL): 
Paragraph  (c) 

Employers  are  required  to  assure  that 
no  employee  is  exposed  to  an  airborne 
concentration  of  cadmium  in  excess  of 
the  permissible  exposure  limit  (PEL)  of  5 
micrograms  of  cadmium  per  cubic  meter 
of  air  (p.g/m3). 

In  its  proposed  rule,  OSHA  proposed 
two  kinds  of  PELs,  an  8-hour,  time- 
weighted-average  permissible  exposure 
limit  (TWA  PEL)  and  an  excursion  limit 
(EL),  a  limitation  on  short-term 
exposures  averaged  over  a  15-minute 
period  (55  FR  4105-05).  For  the  TWA 
PEL,  OSHA  proposed  two  limits:  1  and  5 
pg/m3.  On  the  one  hand,  OSHA 
proposed  a  PEL  of  1  pg/m3  to 
substantially  lower  risk  of  death  from 
cancer  (55  FR  4076,  Table  VI-C  and 
4080,  Table  VI-G).  On  the  other  hand, 
OSHA  proposed  a  PEL  of  5  pg/m3  due 
to  serious  concerns  about  the 
technological  feasibility  of  the  lower 
PEL  (55  FR  4053).  OSHA  proposed  an  EL 
on  the  basis  of  good  industrial  hygiene 
practices  (55  FR  4105)  (Ex.  8-664). 

OSHA’s  risk  assessment  indicates 
that  significant  risks  of  cancer  and 
kidney  damage  exist  at  the  prior  PELs 
(100  pg/m3  for  fume  and  200  pg/m3  for 
dust)  for  cadmium.  There  is  a  consensus 
among  participants  in  the  rulemaking 
that  these  PELs  are  much  too  high  to 
protect  the  health  of  exposed 
employees.  The  Cadmium  Council,  a 
trade  association  whose  members  are 
producers  and  commercial  consumers  of 
cadmium  or  of  other  metals  from  ores 
containing  cadmium,  indicated  that 
there  is  some  broad  agreement  among 
its  constituents  that,  leaving  feasibility 
considerations  aside,  the  PEL  should  be 
set  no  higher  than  20  pg/m3  (Ex.  19-43). 
The  disagreement  arises  over  whether 


the  health  science  data  requires  that  the 
PEL  be  set  below  20  pg/m3  and,  if  so, 
how  far  below.  Most  of  the  public  health 
officials,  unions,  scientists  and 
physicians  who  participated  in  the 
rulemaking  conclude  that  the  PEL  should 
be  set  between  1  pg/m3  and  5  pg/m3 
(Ex.  19-8, 123;  Tr.  6/7/90,  pp.  72-200;  Ex. 
57;  Trs.  7/17/90,  pp.  51-217;  6/6/90,  pp. 
69-119;  7/17/90,  pp.  258-277;  Ex.  L-140- 
50).  Some  industry  representatives  and 
experts  who  testified  and  commented 
for  industry  generally  believe  the  health 
evidence  requires  that  the  PEL  be  set  at 
20  pg/m3  (Exs.  19-43,  77. 119),  though 
other  industry  sources  support  a  PEL  of 
10  pg/m3  or  lower  (Exs.  19-13, 19-24, 
19-36, 19-31).  Thus,  disagreement  in  the 
rulemaking  about  the  level  at  which  the 
PEL  should  be  set  to  adequately  protect 
workers  is  focused  primarily  on  the 
range  between  1  pg/m3  and  20  pg/m3, 
although  some  commenters 
recommended  establishing  a  higher  PEL 
(Ex.  105),  especially  for  pigment  workers 
(Ex.  19-17, 19-40).  Setting  aside  the  issue 
of  pigment  workers  who  are  covered  by 
this  standard,  (See  Health  Effects 
Section),  OSHA,  therefore,  focused 
primarily  on  levels  between  1  pg/m3 
and  20  pg/m3  in  establishing  the  PEL 
(Ex.  19-43). 

Establishing  a  PEL  anywhere  within 
that  range  would  greatly  reduce  the 
excess  risks  of  cancer  and  kidney 
damage  from  the  current  PELs.  The 
lower  the  level  selected,  the  greater  the 
reduction  in  risk.  However,  even  at  the 
low  end  of  this  range  of  PELs,  some 
risks  above  one  in  one  thousand  would 
remain  if  OSHA  did  nothing  other  than 
impose  a  new  PEL.  As  a  result,  under 
the  asbestos  decision  [Building  and 
Construction  Trades  Department,  AFL- 
CIO  v.  Brock.  838  F.2d  1258  (D.C.Cir, 
1988))  and  the  Ethylene  Oxide  decision 
[Public  Citizen  Health  Research  Group 
v.  Tyson,  796  F.2d  1479  (D.C.Cir,  1986), 
OSHA  is  under  a  legal  obligation  to  take 
additional  actions  to  the  extent  feasible 
to  require  employers  to  further  reduce 
risk.  Consequently,  OSHA  does  not  rely 
exclusively  on  the  PEL  to  eliminate 
significant  risk.  The  Agency  relies,  as 
well,  upon  other  provisions  of  the  final 
standard,  such  as  the  action  level  (AL), 
the  very  strict,  multi-layered  medical 
surveillance  program,  and  the  medical 
removal  protection  provisions,  among 
others,  to  eliminate  significant  risk.  In 
fulfilling  this  obligation,  the  Agency  has 
discretion  to  determine  which  particular, 
additional  actions  should  be  required  of 
employers. 

The  Agency,  however,  decided  not  to 
include  an  excursion  limit  (EL)  in  the 
cadmium  standard  for  two  reasons. 

First,  unlike  OSHA’s  benzene 
rulemaking  (52  FR  34460,  34532,  Sept.  11. 


1987),  no  evidence  was  submitted  to  the 
record  to  persuade  the  Agency  that  an 
EL  was  needed  to  protect  employees 
from  short  term  excursions  as  low  as  the 
proposed  EL.  Moreover,  although  in 
theory  imposing  an  EL  might  further 
lower  the  daily  dose  of  cadmium  to 
which  the  employee  is  exposed,  there  is 
little  or  no  record  evidence  supporting 
this  supposition.  Under  the  standard, 
employers  already  are  likely  to  seek  to 
control  exposures  to  levels  below  the 
PEL  which  also  will  minimize  the 
occurrence  of  high  exposure  excursions. 

Second,  in  some  plants,  employees 
appear  to  be  exposed  to  cadmium  only 
intermittently  and  for  short  periods  but 
not  infrequently  at  levels  exceeding  the 
proposed  EL.  For  these  users, 
compliance  with  an  EL  might  be 
infeasible  (Ex.  19-24)  or  might  require 
the  expenditure  of  considerable 
resources  without  providing  much 
additional  protection  to  workers  (Tr.  6/ 
12/90,  pp.  21-22;  Ex.  19-5).  These 
resources  could  more  effectively  be 
allocated  to  other  forms  of  worker 
protection. 

Without  better  justification  for  an  EL 
in  general,  OSHA  does  not  feel  free  to 
impose  an  EL.  OSHA  understands  that, 
notwithstanding  the  absence  of 
evidence  that  cadmium-induced 
diseases  are  dose-rate  dependent  and 
notwithstanding  the  likelihood  that, 
even  without  an  EL,  employers  will  seek 
to  control  excursions,  the  opinion  of  the 
Court  of  Appeals  for  the  D.C.  Circuit  in 
Ethylene  Oxide  (EtO)  might  still  be  read 
as  requiring  OSHA  to  impose  an  EL. 
when  feasible,  to  reduce  remaining 
significant  risk  (EtO  decision  [Public 
Citizen  Health  Research  Group  v. 

Tyson,  796  F.2d  1479  (D.C.Cir,  1986). 
However,  OSHA  does  not  believe  the 
court  in  the  EtO  case  intended  to  legally 
compel  the  Agency  to  select  a  particular 
method  among  the  number  of  ancillary 
provisions  available  to  reduce  remaining 
significant  risk.  On  the  contrary,  OSHA 
understands  that  decision  as  leaving  the 
Agency  the  choice  of  which  methods  to 
adopt  to  achieve  its  legal  obligation  to 
reduce  remaining  significant  risk.  Thus, 
while  the  court  did  say  that  “(i]f  in  fact  a 
STEL  [or  an  EL)  would  further  reduce  a 
significant  health  risk  and  is  feasible  to 
implement,  then  the  OSH  Act  compels 
the  agency  to  adopt  it  *  *  (emphasis 
in  the  original),  it  then  parenthetically 
added,  "barring  alternative  avenues  to 
the  same  result.”  796  F.2d  at  1505.  In  the 
cadmium  standard,  OSHA  has  chosen  to 
follow  “alternative  avenues  to  the  same 
result.” 

Regarding  the  disagreement  in  the 
rulemaking  about  the  level  at  which  the 
PEL  should  be  set  to  adequately  protect 
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workers.  OSHA  has  decided  to  set  the 
PEL  at  5  pg/m3.  Excluding  partial  bans 
on  cadmium  in  Sweden  and  Germany, 
this  is  the  lowest  PEL  in  the 
industrialized  world.  There  are  two 
main  reasons  for  this  decision.  First,  the 
health  science  data  in  the  record 
considered  as  a  whole  indicate  that  to 
eliminate  significant  risk  the  PEL  should 
be  set  no  higher  than  5  fig/m3  (Ex.  L- 
140-50)  (See  sections  on  Health  Effects 
and  the  QRA).  At  a  PEL  of  5  pg/m3, 
OSHA  is  assured  that  the  Agency  is  not 
regulating  an  insignificant  excess  risk  of 
cancer  or  kidney  damage.  Estimates  of 
risks  for  both  kidney  damage  and  lung 
cancer  at  a  PEL  of  5  pg/m3  generally  are 
similar  and  complementary.  On  the 
other  hand,  along  with  the  ancillary 
provisions  of  the  standard,  a  PEL  of  5 
pg/m3  appears  to  reasonably  protect 
cadmium  exposed  workers  from  a 
significant  risk  of  material  impairment 
of  health. 

Second,  a  PEL  of  5  pg/m3  appears  to 
be  at  or  very  near  the  limits  of 
technological  feasibility  for  many 
workers  in  industries  where  there  is  no 
separate  engineering  control  air  limit 
(SECAL).  Setting  the  PEL  lower  would 
require  many  more  of  these  workers  to 
wear  respirators  full  time.  For  example, 
based  on  estimates  in  the  proposal,  if 
the  PEL  were  set  at  the  lower  of  the  two 
proposed  alternatives,  1  pg/m3, 
approximately  37%  of  these  exposed 
employees  would  be  expected  to  have  to 
wear  respirators  (55  FR  4097-98,  Tables 
VIII-C  and  VIU-D).  As  OSHA  indicated 
in  the  proposal,  such  heavy  reliance 
upon  respirators  would  raise  extremely 
serious  questions  about  the 
technological  feasibility  of  achieving  the 
PEL  by  engineering  and  work  practice 
controls.  By  contrast,  at  a  PEL  of  5  pg/ 
m3,  only  approximately  1%  of  these 
employees  would  have  to  wear 
respirators  (55  FR  4097-98,  Tables  VIII- 
E  and  VIII-F).  Although  estimates  of 
respirator  usage  required  at  a  PEL  of  5 
pg/m3  are  higher  in  the  final  standard 
(RLA,  Table  VIII-C46)  than  in  the 
proposal,  OSHA  continues  to  expect 
that  the  number  of  employees  required 
to  wear  respirators  at  a  PEL  of  1  pg/m3 
would  be  much  higher  than  at  5  pg/m3. 

Regarding  the  feasibility  issue,  OSHA 
considered  the  main  arguments  made  by 
rulemaking  participants  in  opposition  to 
the  proposed  PEL  of  5.  The  Cadmium 
Council  and  some  of  its  members 
opposed  a  PEL  of  5  pg/m3  (and  1  pg/m3) 
primarily  on  grounds  of  infeasibility  (Big 
River  Zinc,  Ex.  19-30;  Cadmium  Council, 
Ex.  19-43;  Synpro,  Ex.  19-46/ Appendix 
I).  The  Council  argued  that  a  PEL  of  5 
pg/m3  could  not  be  achieved  by 
engineering  and  work  practice  controls 


in  each  of  the  primary  cadmium 
producing  industry  segments 
represented  by  the  Council. 

Consequently,  several  commenters 
argued  that  OSHA  should  adopt  a  two- 
tiered  approach  to  controlling  worker 
exposure  to  airborne  cadmium  (Ex.  L- 
140-28).  The  first  tier  would  be  a  PEL, 
set  at  the  level  required  by  the  health 
science  data  to  protect  workers’  health. 
The  PEL  in  the  case  of  industries  where 
compliance  by  means  of  engineering  and 
work  practice  controls  was  infeasible, 
could  be  achieved  by  any  allowable 
(e.g.,  not  worker  rotation)  combination 
of  work  practice  and  engineering 
controls  and  respirators.  The  second  tier 
would  be  set  above  the  PEL  at  the 
lowest  feasible  level  that  could  be 
achieved  by  engineering  and  work 
practice  controls. 

OSHA,  with  some  qualifications, 
agrees  with  industry's  arguments  in  this 
regard  and  has  responded  by 
establishing  separate  engineering 
control  air  limits  (SECALs)  at  the  lowest 
feasible  levels  above  the  PEL  for 
specified  processes  in  particular 
industries.  Employers  in  a  particular 
industry  covered  by  the  SECAL  will  be 
obligated  to  achieve  the  SECAL  by 
engineering  and  work  practice  controls 
to  the  extent  feasible  and  to  protect 
employees  from  exposures  above  the 
PEL  by  any  mix  of  compliance  methods, 
including  engineering  and  work  practice 
controls  and  respirators. 

The  establishment  of  a  SECAL  in  this 
cadmium  standard  is  similar  to 
provisions  in  the  asbestos  standard  [29 
CFR  1910.1001  (f)(l)(ii);  1926.58  (g)(1)(h)], 
requiring  the  employer  to  use 
engineering  and  work  practice  controls 
to  attain  the  lowest  achievable  levels  in 
specified  processes  and  to  supplement 
those  controls  with  respirator  use.  In  the 
asbestos  standard,  OSHA  identified 
certain  processes  as  ones  in  which  it  is 
not  presumptively  possible  to  attain  the 
PEL  through  engineering  and  work 
practice  controls  [Building  and 
Construction  Trades  Department,  AFL- 
CIO  v.  Brock;  647  F.2d  1272  (D.C.  Cir, 
04/24/8 7).  For  these  processes,  OSHA 
set  a  higher  PEL  until  such  time  as  the 
lower  PEL  could  be  attained  [29  CFR 
1910.1001  (f)(l)(iii)]  (See  discussion 
under  Section  VIII — Regulatory  Impact 
Analysis.) 

The  Cadmium  Council  and  its  experts 
and  witnesses  also  opposed  a  PEL  of  5 
pg/m3  (and  1  pg/m3)  on  health  grounds. 
They  claimed  that  a  PEL  so  low  was  not 
necessary  to  adequately  protect 
workers.  As  discussed  above  in  this 
preamble,  OSHA  rejects  this  argument. 

A  small  number  of  health  experts  and 
others  opposed  a  PEL  of  5  as  being  too 


high  to  adequately  protect  workers  from 
excess  cadmium  exposure  (Public 
Citizen,  Ex.  19-33;  Massachusetts 
Organization  of  State  Engineers  and 
Scientists,  Ex.  19-21).  However,  the 
Agency  after  careful  analysis  of  the 
evidence  in  the  record  concluded  that  a 
PEL  of  5  pg/m3  is  at  or  very  near  the 
limits  of  feasibility.  Furthermore,  the 
Agency  concluded  that  a  PEL  of  5  pg/ 
m3,  in  conjunction  with  all  the  ancillary 
provisions  of  the  standard,  is  sufficiently 
protective  and  that  setting  the  PEL  any 
lower  would  create  additional  health 
and  safety  problems.  A  more  complete 
analysis  of  the  feasibility  issue  can  be 
found  in  the  final  Regulatory  Impact 
Analysis  section  in  this  preamble. 

Finally,  in  comments  to  the  record 
(Duke  Power,  Ex.  19-18),  OSHA  was 
asked  to  clarify  the  allowable  exposure 
where  an  employee  is  exposed  to 
cadmium  for  more  than  8  hours  in  any 
work  day.  The  8Jiour  time  weighted 
average  (TWA)  for  that  day  has  to  be 
reduced  accordingly  so  that  the 
employee  is  not  exposed  to  greater 
amounts  of  cadmium  by  working  more 
hours  than  he/she  would  have  been  by 
working  eight  hours.  The  reduction  is 
made  according  to  the  following 
formula: 

Maximum  permissible  limit  (in  pg/m3]  —  40 
-7-  hours  worked  in  the  day. 

Consequently,  if  the  employee  were  to 
work  10  hours,  the  adjusted  allowable 
exposure  for  this  employee  under  the 
formula,  40  4-  10,  would  be  reduced  to  4 
pg/m3.  Though  the  employee  may  be 
exposed  during  part  of  the  day  to 
exposures  above  5  pg/m3,  the  PEL 
cannot  be  raised.  No  other  formula  is 
required  for  that  adjustment.  OSHA 
provides  this  explanation  partly  in 
response  to  a  request  from  Duke  Power 
Company  (Ex.  19-18). 

Exposure  Monitoring:  Paragraph  (d) 

This  final  standard  imposes 
monitoring  requirements  pursuant  to 
section  6(b)(7)  of  the  OSH  Act  (29  U.S.C. 
655),  which  mandates  that  any  standard 
promulgated  under  section  6(b)  shall, 
where  appropriate,  "provide  for 
monitoring  or  measuring  of  employee 
exposure  at  such  locations  and 
intervals,  and  in  such  manner  as  may  be 
necessary  for  the  protection  of 
employees."  To  this  end,  as  discussed 
below,  OSHA  has  made  several 
significant  changes  to  the  monitoring 
requirements  included  in  the  proposed 
cadmium  rule. 

The  purposes  served  by  requiring  air 
sampling  for  employee  exposures  to 
cadmium  include:  Determination  of  the 
extent  of  exposure  at  the  worksite; 
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prevention  of  employee  overexposure; 
identification  of  the  sources  of  exposure 
to  cadmium;  collection  of  exposure  data 
so  that  the  employer  can  select  the 
proper  control  methods  to  be  used;  and 
evaluation  of  the  effectiveness  of 
selected  controls.  Monitoring  further 
enables  employers  to  notify  employees 
of  their  exposure  levels,  as  required  by 
section  8(c)(3)  of  the  Act. 

Periodic  monitoring  provides  the 
employer  with  assurance  that 
employees  are  not  experiencing  higher 
exposures  that  may  require  the  use  of 
additional  controls.  In  addition,  periodic 
monitoring  reminds  employees  and 
employers  of  the  continued  need  to 
protect  against  the  hazards  associated 
with  exposure  to  cadmium. 

The  collection  of  exposure  monitoring 
data  also  enables  an  examining 
physician  to  be  informed  of  the 
existence  and  extent  of  potential 
sources  of  occupational  diseases. 

The  results  of  initial  and  periodic 
monitoring  determine  whether 
subsequent  monitoring  is  necessary. 
Exposure  monitoring  is  important  not 
only  to  determine  the  level  of  cadmium 
to  which  employees  are  exposed  and  the 
frequency  at  which  employees  should  be 
monitored,  but  also  to  determine 
whether  other  protective  provisions  of 
the  standard  need  to  be  implemented. 
The  employer’s  obligation  to  provide 
medical  surveillance,  for  example,  is 
triggered  by  monitoring  results  showing 
that  an  employee  is  exposed  at  or  above 
the  action  level  on  30  or  more  days  per 
year  (or  12  consecutive  months).  Other 
provisions  of  the  standard  typically  are 
triggered  by  employee  exposure  levels 
above  the  PEL. 

The  exposure  monitoring  provisions  in 
paragraph  (d)(1)  of  this  standard  require 
the  employer  to  determine  the  exposure 
of  each  employee  exposed  to  cadmium. 
Samples  must  be  taken  within  the 
employee’s  breathing  zone  (i.e.,  personal 
samples)  and  must  reflect  the 
employee’s  exposure,  without  regard  to 
the  use  of  respirators,  to  airborne 
concentrations  of  cadmium  over  an 
eight-hour  period.  A  full  description  of 
"Breathing  zone”  is  provided  in  the 
OSHA  Instruction  CPL  2-2.20B,  CH-1, 
Nov.  13, 1990,  Directory  of  Technical 
Support.  Basically,  it  encompasses  a 
sampling  area  as  close  as  practical  to 
the  nose  and  mouth  of  the  employee. 

In  certain  circumstances,  sampling 
each  employee’s  exposure  to  cadmium 
may  be  required  for  initial  monitoring. 
However,  in  many  cases,  the  employer 
under  paragraph  (d)(l)(iii)  may  monitor 
selected  employees  to  determine 
"representative  employee  exposures." 
Representative  exposure  sampling  is 
permitted  when  there  are  a  number  of 


employees  performing  essentially  the 
same  job,  with  cadmium  exposure  of 
similar  duration  and  level,  under 
essentially  the  same  conditions.  In 
authorizing  representative  personal 
sampling  for  employees  engaged  in 
similar  work,  the  standard  requires  that 
the  member(s)  of  the  exposed  group 
reasonably  expected  to  have  the  highest 
exposure  shall  be  the  one(s)  monitored. 
This  result  is  then  attributed  to  the 
remaining  employees  of  the  group.  At 
the  very  least  in  representative 
sampling,  full-shift  sampling  must  be 
conducted  for  each  job  function  in  each 
job  classification,  in  each  work  area, 
and  for  each  shift.  At  least  one  sample 
of  the  entire  shift  or  consecutive 
representative  samples  over  the  length 
of  the  shift  must  be  taken. 

Although  one  commenter  expressed 
opposition  to  the  proposed  requirement 
that  sampling  be  conducted  on  each 
work  shift  (Tr.  7/18/90:  9-279),  other 
commenters  stated  that  the  variation  in 
exposure  levels  for  the  same  job  across 
shifts  can  be  great  (e.g.,  Tr.  7/17/90,  pp. 
41-217).  Based  upon  its  experience, 
OSHA  agrees  that  such  variation 
requires  that  sampling  be  conducted  on 
each  shift. 

Initial  monitoring  of  workplace 
exposures  is  required  under  paragraph 
(d)(2)  of  this  standard  for  all  employers 
who  have  a  place  of  employment 
covered  by  this  standard.  The  initial 
monitoring  must  be  conducted  as  soon 
as  possible  and  in  any  event  no  later 
than  60  days  after  the  effective  date  of 
this  standard.  However,  to  eliminate 
unneeded  monitoring,  under  conditions 
specified  in  paragraph  (d)(2)(h)  of  this 
standard,  historic  monitoring  may  be 
relied  upon  by  the  employer  to  satisfy 
the  obligation  to  conduct  initial 
monitoring.  Thus,  if  an  employer 
previously  monitored  an  employee 
under  exposure  conditions  closely 
resembling  those  currently  prevailing 
and  that  monitoring  satisfies  all  other 
requirements  of  this  standard  and  was 
conducted  within  12  months  prior  to  the 
publication  date  of  this  standard,  then 
the  results  of  that  monitoring  can  be 
used  to  satisfy  the  requirements  for 
initial  monitoring. 

This  constitutes  a  change  from  the 
cadmium  proposal,  where  historic 
monitoring  had  to  be  conducted  within 
180  days  of  the  publication  date  of  this 
final  standard  to  be  useable  in  place  of 
initial  monitoring  (55  FR  4121).  Several 
industry  commenters  criticized  the 
proposed  limit  of  180  days  on  the 
usability  of  historic  monitoring  data 
(Exs.  19-9  and  19-18).  OSHA,  in  seeking 
to  eliminate  all  unnecessary 
requirements  and  attendant  costs  from 
the  final  standard,  felt  that,  so  long  as 


the  strict  conditions  of  paragraph 
(d)(2)(ii)  were  met,  employee  monitoring 
results  obtained  as  long  as  12  months 
prior  to  publication  of  this  standard 
would  be  sufficiently  reliable  to  make 
the  requirement  for  initial  monitoring  of 
those  employees  unnecessary.  However, 
OSHA  does  not  feel  comfortable 
accepting  historic  monitoring  data  from 
any  era  for  these  purposes,  as  some 
industry  representatives  have  sought 
(Exs.  19-9  and  19-18).  Indeed,  the 
Agency  believes  that  accepting 
historical  data  from  periods  greater  than 
six  months  prior  to  the  publication  date 
of  the  standard  is  already  somewhat 
incongruous  since  the  minimum 
acceptable  frequency  for  periodic 
monitoring  required  by  the  final 
standard  is  semi-annual.  Furthermore, 
NIOSH  and  others  have  argued  that 
even  semi-annual  monitoring  is 
insufficient  and  have  maintained  that 
monitoring  cadmium  on  a  quarterly 
basis  is  good  industrial  hygiene  practice 
(Tr.  7/17/90,  p.  78;  Exs.  8-62,  9-8,  57. 

106). 

OSHA  recognizes  these  countervailing 
interests  and  concerns  and  seeks 
through  a  combination  of  requirements 
to  achieve  a  balance  that  is  both 
protective  and  efficient.  In  determining 
how  to  most  efficiently  protect 
employees,  OSHA  chooses  to  accept 
historic  data  from  up  to  12  months 
before  promulgation  of  the  standard, 
while  requiring  a  minimum  of  semi¬ 
annual  monitoring,  supplemented  by  the 
two  additional  requirements  for  more 
frequent  monitoring  in  paragraphs 
(d)(3)(i)  and  (d)(4). 

The  provision  for  use  of  “objective 
data”  in  paragraph  (d)(2)(iii)  of  this 
standard  is,  except  for  the  deletion  of 
the  reference  to  an  EL  (excursion  limit), 
the  same  as  in  the  proposal.  The 
provision  is  discussed  below  in  this 
summary  and  explanation  in  connection 
with  paragraph  (n)(2),  where  “objective 
data”  is  defined  and  the  obligation  to 
keep  a  record  of  it  specified. 

As  suggested  above,  the  requirements 
for  monitoring  frequency  in  paragraph 
(d)(3)  of  this  standard  also  have  been 
somewhat  changed  from  those 
proposed.  What  remains  the  same  are 
the  following  two  basic  rules.  First,  if 
the  initial  or  periodic  monitoring  results 
(confirmed  by  another  monitoring  taken 
at  least  seven  days  later)  show  that 
employee  exposures  are  below  the 
action  level,  then  under  paragraph 
(d)(3)(ii)  no  further  monitoring  is 
required.  OSHA  estimates  that  most  of 
the  workers  potentially  exposed  to 
cadmium  are  currently  exposed  to  a 
geometric  mean  level  below  the  AL  of 
2.5  p.g/m3(see  final  RIA,  e.g..  Tables 
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VIII-C43  and  VIII-C44)  and  that  these 
workers  generally  will  be  exposed 
below  the  AL  For  these  workers,  OSHA 
expects  that  the  employer  will  be 
required  to  comply  only  with  the 
training  provisions  under  paragraph  (m) 
of  the  standard.  Second,  if  initial  or 
periodic  monitoring  results  show 
employee  exposures  at  or  above  the 
action  level,  then  under  paragraph 
(d)(3)(i)  the  employer  must  repeat 
monitoring  for  these  individuals  at  least 
every  six  months. 

What  is  different  is  that,  unlike 
paragraph  (d)(3)(i)  of  the  proposal  (55  FR 
4121),  there  is  no  requirement  in  the 
final  standard  that  the  employer  must 
monitor  every  three  months  (quarterly) 
employees  whose  monitoring  results  are 
above  the  PEL  The  deletion  of  this 
specific  requirement  is  partly  in 
response  to  comments  that  the  proposed 
monitoring  requirements  were  too 
inflexible  (American  Iron  and  Steel 
Institute  Tr.  7/18/90,  p.  279).' While 
opinions  vary  on  the  proper  periodicity 
for  monitoring,  OSHA  acknowledges  the 
merit  of  more  flexible  monitoring  for 
cadmium-related  exposures  (Ex.  106). 
Instead  of  the  requirement  for  quarterly 
monitoring,  OSHA  in  paragraph  (d)(3)(i) 
of  this  final  standard  imposes  a 
performance  requirement  on  employers, 
requiring  them  to  monitor  with  the 
frequency  and  pattern  needed  to  assure 
that  the  following  purposes  of  exposure 
monitoring  be  achieved:  the  monitoring 
results  should  reflect  with  reasonable 
accuracy  the  levels  of  exposure  of 
employees  and  should  assure  the 
adequacy  of  respiratory  selection  and 
the  effectiveness  of  engineering  and 
work  practice  controls. 

Depending  upon  exposure  conditions, 
this  performance  criterion  might  require 
monitoring  that  is  more  or  less  frequent 
than  the  proposed  quarterly  monitoring. 
If.  for  example,  exposure  levels  and 
patterns  are  well  known  and  stable  over 
time,  monitoring  as  often  as  each 
quarter  could  well  be  redundant,  in 
which  case  semi-annual  monitoring 
probably  would  suffice.  On  the  other 
hand,  where  exposure  conditions  change 
dramatically  and  more  frequently  than 
quarterly,  more  frequent  monitoring 
probably  would  be  required  under 
paragraphs  (d)(3)(i)  as  well  as  (d)(4). 

Thus,  the  Agency  has  increased  the 
flexibility  of  its  monitoring  requirements 
to  give  employers  greater  latitude  to 
monitor  according  to  the  concrete 
conditions  and  industrial  hygiene  needs 
of  their  particular  facilities.  However, 
this  flexibility  is  not  without  bounds. 
OSHA  has  supplemented  it  with  the 
minimum  requirement  of  semi-annual 
monitoring.  Employers  must  monitor 


employees  whose  exposures  are,  or  may 
be,  at  or  above  the  action  level  at  least 
semi-annually  (55  FR  4121),  assuring  that 
these  employees  will  be  monitored  at  a 
reasonable  interval  (AISI,  Tr.  7/18/90,  p. 
252).  Requiring  periodic  monitoring  at  a 
stated  frequency  also  facilitates 
enforcement  by  providing  a  clear 
compliance  minimum. 

The  requirement  for  semi-annual 
monitoring  at  or  above  the  action  level 
was  incorporated  in  the  proposed 
cadmium  standard  (55  FR  4121)  and  has 
been  incorporated  into  some  OSHA 
health  standards  (Arsenic.  29  CFR 
1910.1018;  Lead,  26  CFR  1910.1025).  The 
requirement  for  semi-annual  monitoring 
above  the  PEL  has  been  incorporated 
into  other  health  standards  (Benzene,  29 
CFR  1910.1028).  The  requirement  to 
monitor  semi-annually  employees 
exposed  at  or  above  the  action  level 
and/or  the  PEL  is  similar  to  the 
requirement  in  OSHA’s  standard  for 
Formaldehyde  (29  CFR  1910.1048). 

OSHA  believes  the  monitoring  schedule 
set  forth  in  this  final  standard  is 
necessary  and  sufficient. 

In  addition,  whenever  changes  occur 
that  may  expose  additional  employees 
to  cadmium  at  or  above  the  action  level 
or  may  expose  employees  already 
exposed  at  or  above  the  action  level  to 
levels  of  cadmium  above  the  PEL, 
additional  monitoring  is  required  under 
paragraph  (d)(4).  Such  changes  may 
occur  in  the  production  process,  raw 
materials,  equipment,  personnel,  work 
practices,  or  Finished  products. 
Whenever  the  employer  has  any  reason 
to  suspect  that  any  other  change  might 
lead  to  such  further  exposure,  then 
under  paragraph  (d)(4)  the  employer 
must  resume  monitoring.  There  is 
considerable  support  in  the  record  for 
this  requirement  for  additional 
monitoring  (AISI  Tr.  7/18/90,  p.  280;  Exs. 
19-8;  19-21).  OSHA  considers  this 
requirement  necessary  to  protect 
employees  from  excessive  exposures 
from  changed  circumstances. 

OSHA  recognizes  that  monitoring  can 
be  a  time-consuming,  expensive 
endeavor  and  therefore  in  paragraph 
(d)(3)(ii)  of  this  standard  allows 
employers  to  discontinue  monitoring  for 
employees  whose  sampling  results 
indicate  exposures  are  below  the  action 
level.  It  is  hoped  that  this  will  provide 
incentive  to  employers  to  control  their 
employees’  exposures  to  cadmium  to 
below  the  action  level,  thus  maximizing 
the  protection  of  employees’  health. 

Since  OSHA  has  eliminated  the 
proposed  requirement  that  employers 
comply  with  an  EL  from  this  final 
standard,  all  of  the  proposed 
requirements  for  monitoring  and 


notification  of  employees  relating  to  an 
EL  have  likewise  been  eliminated. 

The  standard  in  paragraph  (d)(5) 
further  requires  that  employers  notify 
each  of  their  employees  individually  of 
the  results  of  monitoring  that  reflects 
their  exposure.  Notification  is  to  be 
given  in  writing.  In  addition,  employers 
must  post  monitoring  results  in  an 
appropriate  location  accessible  to  all 
affected  employees. 

Several  employers  opposed  parts  or 
all  of  these  notification  requirements  in 
the  cadmium  proposal.  Duke  Power,  for 
example,  opposes  posting  results  as  a 
violation  of  employee  privacy  and  as 
potentially  alarming  and  instead  favors 
providing  notice  at  crew  meetings  when 
questions  can  be  answered  (Ex.  19-18). 
OSHA  does  not  believe  an  employee 
has  a  privacy  interest  in  the  air 
cadmium  levels  to  which  he/she  is 
exposed.  In  addition,  OSHA  sees  no 
reason  or  evidence  in  the  record  that 
posting  sampling  results  is  likely  to 
alarm  employees  any  more  than 
individual  written  notification  or  notice 
given  at  crew  meetings. 

By  contrast,  McDonnell  Douglas 
generally  supports  the  proposed  written 
notification  provision  but  favors  posting 
over  individual  written  notification 
because  it  is  more  efficient  (Ex.  19-22). 
AISI  feels  the  requirements  for 
individual  notification  and  posting  are 
"duplicative  and  unnecessarily 
burdensome"  (Tr.  7/18/90,  p.  280).  The 
requirement  for  individual  written 
notification,  AISI  says,  will 
“dramatically  increase  cost  without  a 
commensurate  advantage  to  the 
employee"  (Tr.  7/18/90,  p.  281).  AISI 
suggests  that  OSHA  allow  the  employer 
to  choose  between  these  two  methods  of 
notification  (Tr.  7/18/90,  p.  280). 

In  other  health  standards,  OSHA 
typically  has  required  written 
notification  of  employees  either 
individually  or  by  posting  (Ethylene 
Oxide  29  CFR  1910.107;  Formaldehyde 
29  CFR  1910.1048;  or  Lead,  29  CFR 
1910.1025).  The  additional  requirement 
to  do  both  was  incorporated  into  the 
proposal  (55  FR  4122).  No  evidence  was 
submitted  to  the  record  that  posting  of 
results  is  costly  or  inefficient.  The  issue 
is  whether  the  notification  is  redundant 
(Tr.  7/18/90;  p.  252).  OSHA  added  this 
requirement  in  the  proposal  because  the 
Agency  believes  that  the  two  forms  of 
notification  enhance  and  complement 
each  other  to  the  benefit  of  the 
employee.  Posting  enhances  the 
collective  knowledge  in  the  workplace 
of  employee  exposures,  which  in  turn 
enhances  each  employee's 
understanding  of  his/her  own  exposure. 
Thus,  each  notification  requirement 
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performs  a  different  function.  Individual, 
written  notice  assures  that  each 
employee  is  notified.  Posting  the  results 
facilitates  other  employees,  their 
designated  representatives,  supervisors, 
and  employers  as  well  in  becoming 
aware  of  exposure  levels  within  the 
workplace. 

The  employer  is  obligated  to  provide 
written  notice  and  post  results  within  15 
working  days  after  receipt  of  the  results. 
Whenever  die  PEL  is  exceeded,  the 
written  notification  must  contain  a 
statement  that  the  PEL  has  been 
exceeded  and  a  description  of  the 
corrective  action(s)  being  taken  by  the 
employer  to  reduce  the  employee’s 
exposure  to  or  below  the  PEL.  This 
requirement  to  inform  employees  is  in 
accordance  with  section  8(c)(3)  of  the 
Act  and  is  necessary  to  assure  that 
employees  are  informed  whenever  the 
PEL  is  being  exceeded  and  to  assure 
employees  that  the  employer  is  making 
efforts  to  furnish  them  with  a  safe  and 
healthful  work  environment. 

In  order  to  obtain  accurate  exposure 
monitoring  results,  the  employer  under 
paragraph  (d)(6)  is  required  to  use 
monitoring  and  analytical  methods  that 
have  an  accuracy,  at  a  confidence  level 
of  95%,  of  not  less  than  plus  or  minus 
25%  for  airborne  concentrations  of 
cadmium  at  all  the  relevant  levels  (i.e., 
levels  between  the  action  level  (AL),  the 
PEL,  and,  where  relevant,  the  SECAL). 
The  main  reason  OSHA  is  requiring  this 
degree  of  accuracy  for  air  monitoring 
results  is  to  ensure  that  air  monitoring 
results  are  sufficiently  accurate  across 
the  relevant  range  of  exposure  levels. 
Accuracy  of  measurements  is  critical 
since  monitoring  results  serve  a  number 
of  important  functions  in  the  cadmium 
standard.  For  example,  certain  central 
requirements  of  the  standard,  like 
medical  surveillance,  engineering 
controls,  and  respirator  use,  are 
triggered  by  employee  exposures 
exceeding  particular  levels  like  the  AL 
or  the  PEL  In  addition,  the  medical 
removal  provision  requires  that  a 
removed  employee  not  be  placed  in  a 
job  where  exposure  levels  are  at  or 
above  the  AL. 

Although  not  a  requirement  of  the 
standard  under  paragraph  (d),  OSHA 
expects  that  all  laboratory  analyses  of 
air  sampling  data  will  be  performed  in 
laboratories  with  demonstrated 
proficiency  for  measuring  cadmium  in 
air  at  these  levels. 

The  accuracy  requirements  in 
paragraph  (d)(6)  are  basically  the  same 
as  the  proposal  (55  FR  4121)  and  are 
similar  to  the  precision  and  accuracy 
requirements  in  other  OSHA  health 
standards  (e.g..  Lead,  29  CFR  1910.1025; 
Benzene,  29  CFR  1910.1028).  By  defining 


the  precision  and  accuracy  requirements 
for  samples  used  to  determine  the  TWA 
airborne  concentration  of  cadmium  in 
the  workplace,  OSHA  ensures  that  the 
method  of  monitoring  and  analysis  is 
adequate  whether  single  or  multiple 
samples  are  taken.  While  some  may 
argue  that  such  a  stringent  requirement 
for  accuracy  is  unwarranted  or 
unobtainable,  (Exs.  19-14;  19-18)  OSHA 
is  of  the  opinion  that,  given  the  current 
state-of-knowledge  among  laboratories 
in  which  analyses  for  heavy  metals  are 
routinely  performed,  it  is  not 
unreasonable  to  require  such  accuracy. 
Recent  NIOSH  Proficiency  Analytical 
Testing  (PAT)  rounds  have  included 
samples  containing  cadmium  as  low  as  6 
pg  with  a  performance  limit  of  ±0.8  fig. 
The  analytical  range  for  cadmium  in  the 
PAT  samples  is  2  to  20  fig.  Inclusion  of 
this  requirement  will  provide  incentive 
for  other  laboratories  to  improve  their 
accuracy  over  time.  In  addition,  with  the 
TWA  PEL  set  at  5  fig/m3,  the  higher  of 
the  two  PELs  included  in  the  proposal 
(55  FR  4052),  and  with  the  deletion  of  the 
excursion  limit,  the  comments 
suggesting  that  current  methods  and 
laboratories  are  unable  to  achieve  such 
accuracy  are  no  longer  relevant.  The 
OSHA  method  ID-189,  listed  in 
Appendix  E,  provides  analytical 
precision  and  accuracy  capability  for  a 
standard  that  is  five  times  lower  than 
the  final  standard.  By  using  this  method, 
and  currently  available  instrumentation, 
analytical  laboratories  can  perform  a 
sample  analysis  that  meets  the  required 
level  of  both  precision  and  accuracy  of 
paragraph  (d)(6). 

The  employer  is  also  required  under 
paragraph  (o)  of  this  standard  to  allow 
employees  or  their  designated 
representatives  an  opportunity  to 
observe  employee  exposure  monitoring. 
This  provision  is  required  by  Section 
8(c)(3)  of  the  Act  (29  U.S.C.  657(c)(3)). 

Several  commenters  indicated  that 
OSHA  had  erred  in  its  proposal 
regarding  appropriate  sampling  devices 
for  cadmium.  Mr.  G.  F.  Stone,  Manager 
of  Occupational  Health  and  Safety  for 
the  Tennessee  Valley  Authority, 
submitted  that  in  section  VIII  (E)  of  the 
proposal,  the  Agency  referred  to  passive 
dosimeters  and  charcoal  tubes  as 
monitoring  devices  for  cadmium.  Mr. 
Stone  correctly  indicated  that  this 
reference  should  be  deleted  because 
such  sampling  devices  can  only  be  used 
for  vapors  (Ex.19-5).  It  has  been  deleted. 

Regulated  Areas:  Paragraph  (e) 

This  final  standard  contains 
requirements  that  regulated  areas  be 
established  whenever  and  wherever  an 
employee's  exposure  to  airborne 
concentrations  of  cadmium  is,  or  can 


reasonably  be  expected  to  be,  above  the 
PEL  Access  to  these  areas  is  to  be 
controlled  and  limited  to  authorized 
persons.  In  accordance  with 
performance  criteria,  regulated  areas  are 
to  be  demarcated  in  any  manner  that 
adequately  alerts  employees  of  the 
boundaries  of  these  areas.  No  detailed 
specifications  are  required  for 
demarcating  regulated  areas. 

The  requirement  to  establish 
regulated  areas  extends  to  temporary 
and  to  intermittent  exposures  above  the 
PEL  as  well  as  to  more  constant  ones. 
Thus,  for  example,  whenever  it  is 
reasonably  expected  that  the  PEL  may 
be  exceeded  for  an  employee  performing 
a  maintenance  operation,  a  regulated 
area  shall  be  established  for  the  area 
and  for  the  length  of  time  required  to 
perform  that  operation  and  for  any 
additional  time  that  air  cadmium  levels 
may  be  expected  to  continue  to  exceed 
the  PEL.  For  this  cadmium  standard,  the 
existence  of  a  hazard,  and  not  the 
particular  type  of  operation  or  work 
being  performed,  is  the  basis  for 
determining  the  need  for  protective 
measures. 

Access  to  the  regulated  area  is 
restricted  to  ‘‘authorized  persons’*.  For 
purposes  of  this  standard,  these  are 
persons  who  are  authorized  by  the 
employer  to  be  present  in  the  area, 
generally  because  of  their  job  duties, 
and  persons  authorized  by  the  OSH  Act 
or  OSHA  regulations  to  be  in  that  area. 

Areas  where  employee  exposures  are 
over  the  PEL  need  to  be  demarcated  to 
warn  employees  who  are  not  essential 
to  the  performance  of  tasks  within  the 
area  to  keep  out.  Demarcation  is  also 
necessary  to  warn  employees  required 
to  be  in  the  regulated  area  that 
respirators  must  be  worn  to  avoid 
excessive  exposures  via  inhalation  and 
that  good  personal  hygiene  must  be 
practiced  to  avoid  exposures  to 
cadmium  via  ingestion.  Good  personal 
hygiene  practices  include  refraining 
from  smoking,  eating,  drinking,  chewing 
tobacco  or  gum,  refraining  from  applying 
cosmetics  in  regulated  areas,  and 
refraining  from  carrying  the  products 
associated  with  these  activities  into 
regulated  areas  or  storing  such  products 
there. 

OSHA  received  specific  comments 
from  medical  experts  that  employees 
should  not  carry  food,  tobacco  products, 
gum,  or  such  other  products  into 
cadmium  contaminated  areas  since 
these  products  rapidly  become 
contaminated  themselves  (Ex.  29). 
Consumption  of  heavily  contaminated 
products  contributes  to  cadmium 
accumulation  in  the  human  body.  (ref.  in 
Kjellstrom,  Ex.  29).  Other  hygienic 
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practices  associated  with  working  in 
regulated  areas  also  are  required  under 
paragraph  (j)  of  this  standard,  which  is 
discussed  below. 

The  purpose  of  a  regulated  area  is  to 
assure  that  employers  make  employees 
aware  of  the  presence  and  location  of 
cadmium  at  levels  above  the  PEL  in  the 
workplace.  This  minimizes  the  number 
of  employees  excessively  exposed.  The 
employer  makes  employees  aware  of 
this  potential  hazard  by  demarcating  the 
area  and  posting  warning  signs.  Since 
under  paragraph  (m)(l)  of  this  standard 
the  signs  must  state  that  only  authorized 
personnel  are  allowed  in  the  area  and 
that  respirators  must  be  worn  in  the 
area,  the  signs  and  the  demarcation  of 
such  areas  should  effectively  warn 
employees  not  to  enter  these  areas 
unless  they  are  authorized  to  do  so  and 
only  if  they  are  wearing  a  respirator. 

In  this  way.  employees  who  work  in 
other  areas  of  the  workplace  will  not  be 
unnecessarily  exposed  to  cadmium  if 
they  are  required  by  their  job  to  work  in 
a  regulated  area  for  part  of  the  workday. 
Due  to  the  serious  nature  of  the  adverse 
health  effects  associated  with  excess 
exposure  to  cadmium,  no  one  should  be 
in  a  regulated  area  without  proper 
personal  protection. 

This  provision  will  reduce  the  overall 
cadmium  exposure  of  many  employees, 
thereby  reducing  their  risks  of 
contracting  cadmium-induced  illness. 
OSHA  considers  this  to  be  necessary  to 
further  reduce  the  any  remaining  risk  of 
disease  at  the  PEL  where  risk  is 
estimated  without  regard  to  the 
additional  reductions  in  risk  attributable 
to  this  requirement  for  regulated  areas 
and  to  the  other  ancillary  requirements. 

The  establishment  of  regulated  areas 
is  an  effective  means  of  limiting  excess 
cadmium  exposure  to  as  few  employees 
as  possible.  This  is  consistent  with  good 
industrial  hygiene  practice  whenever 
exposure  to  a  toxic  substance  can  cause 
serious  health  effects.  The  requirement 
provides  additional  benefits  to 
employers  in  that,  by  limiting  access  to 
regulated  areas  to  authorized  persons, 
the  employer’s  obligation  to  implement 
other  provisions  of  this  standard  for 
employees  who  are  exposed  above  the 
PEL  is  limited  to  as  few  employees  as 
possible. 

Readily  observable  temporary  sign(s) 
posted  at  the  boundary  of  the  area, 
which  are  consistent  with  the  Hazard 
Communication  Standard,  will  be 
sufficient  to  remind  employees  that 
respirators  and  good  personal  hygiene 
practices  are  needed  and  that 
unprotected  people  should  not  enter  the 
area. 

With  two  exceptions,  these 
requirements  for  regulated  areas  are 


essentially  the  same  as  those  proposed. 
One  exception  relates  to  the  proposed 
EL  With  the  deletion  of  the  proposed  EL 
from  this  final  standard,  discussed 
above  in  the  section  explaining  the  PEL 
all  references  to  an  EL  also  have  been 
eliminated  from  the  requirements  for. 
and  discussion  of  regulated  areas. 

The  other  exception  relates  to  how  to 
measure  the  exposure  level  that 
determines  whether  a  regulated  area 
should  be  established.  The  language  of 
the  proposal,  that  a  regulated  area  shall 
be  established  “wherever  airborne 
concentrations  of  cadmium  are,  or  can 
reasonably  be  expected  to  be  in  excess 
of  the  permissible  exposure  limit  *  * 
might  be  considered  ambiguous.  It  might 
be  interpreted  to  mean  that,  regardless 
of  employee  exposure  levels,  a  regulated 
area  shall  be  set  up  wherever  area 
sampling  shows  concentrations  of 
cadmium  to  exceed  the  PEL.  That  was 
not  OSHA's  intention.  In  fact,  OSHA 
does  not  prescribe  or  rely  upon  area 
sampling  in  determining  compliance 
with  the  PEL.  The  language  of  this  final 
standard  clarifies  OSHA’s  intention  to 
require  the  employer  to  establish  a 
regulated  area  only  where  an  employee 
is  or  can  reasonably  be  expected  to  be 
exposed  to  airborne  concentrations  of 
cadmium  in  excess  of  the  PEL  based  on 
breathing  zone  samples. 

Methods  of  Compliance:  Paragraph  (f) 

With  regard  to  methods  of 
compliance,  the  final  standard  follows 
the  proposal  in  its  fundamentals  except 
in  three  major  ways.  First,  where  the 
employer  demonstrates  that  exposures 
are  only  intermittent,  a  30-day  exclusion 
is  applied  to  the  requirement  to 
implement  engineering  controls  to 
achieve  the  PEL.  Second,  for  a  small 
number  of  industries  where  it  is  not 
feasible  to  achieve  the  PEL  by 
engineering  and  work  practice  controls, 
separate  engineering  (and  work 
practice)  control  air  limits  (SECALs)  of 
15  p-g/m3  and/or  50  pg/m3  are 
established  at  the  lowest  levels  feasible 
above  the  PEL.  (See  Table  F-I.)  And 
third,  OSHA  in  this  final  standard  has 
set  out  in  general  terms  the  necessary 
elements  of  a  compliance  program. 

Beginning  with  the  fundamentals, 
paragraph  (f)(l)(i)  of  this  standard,  like 
the  proposal,  requires  employers  to 
institute  engineering  and  work  practice 
controls  as  the  primary  means  to  reduce 
and  maintain  employee  exposures  to 
cadmium  to  levels  at  or  below  the  PEL. 
Engineering  controls  include  the 
installation  of  equipment,  such  as  forced 
air  ventilation,  or  the  modification  of  a 
process,  such  as  enclosing  it,  to  control 
employee  exposure  levels.  Work 
practice  controls  involve  the  manner  in 


which  a  task  is  performed,  such  as  how 
the  worker  positions  himself/herself 
relative  to  the  source  of  exposure  and/ 
or  to  the  engineering  controls,  to  control 
employee  exposure  levels. 

Under  paragraphs  (f)(1)  (i),  (ii),  and 
(iv)  the  employer  is  required  to 
implement  engineering  and  work 
practice  controls  even  if  feasible 
engineering  and  work  practice  controls 
are  inadequate  to  lower  exposures  to  or 
below  the  PEL  or,  where  applicable,  the 
SECAL.  In  such  circumstances,  the 
employer  must  implement  engineering 
and  work  practice  controls  to  reduce 
employee  exposures  to  the  extent 
possible  and  must  provide  supplemental 
respiratory  protection  in  accordance 
with  paragraph  (g)  to  comply  with  the 
PEL. 

Primary  reliance  on  engineering 
controls  and  work  practices  is 
consistent  with  good  industrial  hygiene 
practice  (NIOSH,  Tr.  7/17/90,  pp.  51-56; 
Exs.  57;  77;  19-8;  19-21).  The  Agency 
also  relies  on  traditional  adherence  to  a 
hierarchy  of  controls  that  prefers 
engineering  and  work  practice  controls 
over  dependence  upon  respirators.  Such 
reliance  also  is  supported  by  some 
employers  and  company  doctors  (Exs. 
19-31;  L-19-57;  118;  19-2). 

Engineering  controls  are  preferred  by 
OSHA  for  a  number  of  reasons. 
Engineering  controls  are  reliable, 
provide  consistent  levels  of  protection  to 
large  numbers  of  workers,  can  be 
monitored  continually  and 
inexpensively,  allow  for  predictable 
performance  levels,  and  can  remove 
toxic  substances  from  the  workplace. 
Once  removed,  the  toxic  substances  no 
longer  pose  a  threat  to  the  employee. 
Moreover,  the  effectiveness  of 
engineering  controls  does  not  depend  to 
any  marked  degree  on  human  behavior, 
and  the  operation  of  equipment  is  not  as 
vulnerable  to  human  error  as  is  the  use 
of  personal  protective  equipment. 

Engineering  controls  can  be  grouped 
into  3  main  categories;  (1)  Substitution, 
(2)  containment  and  isolation,  and  (3) 
ventilation,  both  general  and  localized. 
Quite  often  a  combination  of  these 
controls  can  be  applied  to  an  industrial 
hygiene  problem  to  achieve  satisfactory 
air  quality.  However,  it  may  not  be 
necessary  or  appropriate  to  apply  all 
these  measures  to  any  specific  potential 
hazard. 

Substitution  can  be  the  appropriate 
solution  to  an  industrial  hygiene 
problem.  One  of  the  best  ways  to 
prevent  workers  from  being  exposed  to 
a  toxic  substance  is  to  stop  using  it 
entirely.  Although  substitution  is  not 
always  possible,  one  should  always 
consider  whether  a  non-toxic  or  less 
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toxic  material  could  be  substituted  for  a 
more  toxic  one.  OSHA  received 
comments  on  the  availability  of 
cadmium  substitutes  for  several  industry 
segments  (Ex.  8-706).  Another  kind  of 
substitution  that  may  provide  effective 
control  of  an  air  contaminant  is 
exchanging  one  type  of  process 
equipment  for  another,  or  in  some  cases, 
exchanging  one  process  for  another.  For 
example,  a  process  change  in  chemical 
production  from  powder  to  pellets  or 
granules  will  usually  reduce  exposures. 
Similarly,  automation  of  a  process  can 
further  reduce  the  potential  hazard  to  an 
employee. 

In  addition  to  substitution,  there  are 
two  basic  ways  to  effectively  control 
employee  exposure  levels  by  separating 
workers  from  the  source  of  the  hazard. 

In  one,  containment  (enclosure),  the 
hazard  is  enclosed  by  a  physical  barrier, 
which  contains  it  at  its  source,  thereby 
separating  the  hazard  from  most 
workers.  In  the  other,  isolation,  the 
hazard  is  not  contained  but  the  workers 
are  isolated  from  the  source  of  the 
hazard.  Isolation  can  be  accomplished, 
for  example,  by  placing  the  employees 
in  a  clean  room,  in  a  properly  ventilated 
cab,  or  at  some  distance  from  the  source 
of  the  exposure. 

Frequently  containment  maximizes 
the  effectiveness  of  other  engineering 
controls  such  as  local  exhaust 
ventilation.  For  example,  where  a 
chemical  mixing  operation  is  enclosed  in 
a  room,  confining  the  airborne 
contaminants  generated  by  the 
operation  to  a  small  area,  the 
application  of  local  ventilation  to 
control  the  contaminant  at  the  source  is 
more  effective. 

Ventilation,  general  or  local,  is  the 
most  important  engineering  control 
available  to  the  industrial  hygienist. 

(See  discussion  below  on  mechanical 
ventilation.)  Its  principal  application  is 
to  maintain  airborne  concentrations  of 
contaminants  at  acceptable  levels  in  the 
workplace.  A  local  exhaust  system  is 
used  to  capture  an  air  contaminant  at  or 
near  its  source  and  to  carry  it  off  before 
it  spreads  throughout  the  workplace. 
General  ventilation,  on  the  other  hand, 
allows  the  contaminant  to  spread 
throughout  the  workroom  but  dilutes  its 
concentration  by  circulating  large 
quantities  of  air  into  and  out  from  the 
workroom.  A  local  exhaust  system  is 
generally  preferred  to  ventilation-by¬ 
dilution  (general  ventilation)  because  it 
provides  a  cleaner  and  healthier  work 
environment.  Also,  a  local  exhaust 
system  requires  a  relatively  small 
volume  of  air  and  uses  a  smaller  fan  and 
dust  collector. 

Work  practices,  as  distinguished  from 
engineering  controls,  involve  the  way  a 


task  is  performed.  The  Agency  has 
found  that  good  work  practices  can  be  a 
vital  aid  in  achieving  compliance  with 
the  PEL.  Some  fundamental  and  easily 
implemented  work  practices  are:  (1) 
Following  the  proper  procedures  to 
minimize  exposures  in  operating 
production  and  control  equipment:  (2) 
not  eating,  drinking,  smoking,  chewing 
tobacco  or  gum,  or  applying  cosmetics  in 
regulated  areas  or  carrying  products 
associated  with  these  activities  into 
regulated  areas;  and  (3)  good 
housekeeping. 

Good  housekeeping  plays  a  key  role 
in  the  control  of  occupational  health 
hazards.  Accumulations  of  cadmium 
dust  increase  the/risk  that  workers’ 
exposures  will  rise  above  the  PEL  or  the 
AL.  Dust  in  the  workplace  on  overhead 
ledges,  equipment,  floors,  etc.,  should  be 
removed  before  some  disruption,  like 
traffic  or  random  air  currents,  re¬ 
entrains  the  dust  and  makes  it  airborne 
again.  A  regular  cleanup  schedule  using 
HEPA  filtered  vacuum  cleaners  is  an 
effective  method  of  removing  cadmium 
dust  from  the  work  area.  Similarly, 
immediate  cleanup  of  any  toxic  spills  is 
a  very  important  work  practice  control 
measure. 

Periodic  inspection  and  maintenance 
of  process  equipment  and  control 
equipment,  such  as  ventilation  systems, 
is  another  important  work  practice 
control.  In  plants  where  total 
containment  is  used  as  an  engineering 
control,  the  failure  of  the  ventilation 
system  for  the  containment  area  can 
result  in  hazardous  exposures  in  the 
enclosure.  Frequently,  equipment  which 
is  near  failure  or  in  disrepair  will  not 
perform  normally.  Regular  inspections 
can  detect  abnormal  conditions  so  that 
timely  maintenance  can  then  be 
performed.  If  equipment  is  routinely 
inspected,  maintained,  and  repaired,  or 
replaced  before  failure  is  likely,  there  is 
less  chance  that  hazardous  exposures 
will  occur. 

In  addition  to  the  above  work  practice 
controls,  workers  must  know  the  proper 
way  to  perform  their  job  tasks  to 
maximize  the  effectiveness  of 
engineering  controls.  For  example,  if  a 
worker  inappropriately  performs  a  task 
away  from  an  exhaust  hood,  the  control 
measure  will  be  of  no  use.  Failure  to 
properly  operate  engineering  controls 
may  also  contaminate  the  work  area. 
Workers  can  be  alerted  to  safe 
operating  procedures  through  fact 
sheets,  discussions  at  safety  meetings, 
and  other  educational  means. 

Good  supervision  is  another  important 
work  practice.  It  provides  needed 
support  for  assuring  that  proper  work 
practices  are  followed  by  workers.  By 
directing  a  worker  to  position  the 


exhaust  hood  properly  or  to  improve 
work  practices,  such  as  weighing  toxic 
materials  or  handling  contaminated 
scoops  or  shovels,  a  supervisor  can  do 
much  to  minimize  unnecessary  exposure 
to  air  contaminants. 

Employees’  exposures  also  can  be 
controlled  by  scheduling  production 
and/or  workers’  tasks  in  ways  that 
minimize  employee  exposure  levels.  For 
example,  the  employer  can  schedule 
operations  with  the  highest  exposures  at 
a  time  when  the  fewest  employees  are 
present.  Thus,  clean-up  operations  in 
which  toxic  substances  are  involved 
might  be  performed  at  night  or  other 
times  when  the  production  staff  is  not 
present.  Such  methods  of  controlling 
worker  exposures  to  contaminants  are 
known  as  administrative  controls. 

OSHA  generally  approves  of  the  use  of 
administrative  controls.  However,  the 
Agency  prohibits  using  one  form  of 
administrative  control,  worker  rotation, 
as  a  method  of  compliance  with  this 
standard.  Worker  rotation  circulates 
employees  into  and  out  of  contaminated 
areas,  thereby  reducing  the  exposure  to 
individual  employees  by  increasing  the 
number  of  employees  exposed.  Since 
even  low  cadmium  exposure  levels  are 
associated  with  cancer  and  kidney 
damage,  OSHA  prohibits  worker 
rotation,  because  it  places  more 
employees  at  risk  of  material 
impairment  to  their  health  (Ex.  19-57;  Tr. 
7/18/90  p.  252).  For  these  reasons, 

OSHA  finds  comments  to  the  contrary 
unpersuasive  (Ex.  L-19-57;  Tr.  7/18/90, 
pp.  252-322). 

Respirators  are  another,  important 
method  of  compliance.  However,  to  be 
used  effectively,  respirators  must  be 
individually  selected;  fitted  and 
periodically  refitted;  conscientiously 
and  properly  worn;  regularly 
maintained;  and  replaced  as  necessary. 
In  many  workplaces,  these 
preconditions  for  effective  respirator  use 
are  difficult  to  achieve  with  sufficient 
consistency  to  provide  adequate 
protection.  The  absence  of  any  of  these 
preconditions  can  reduce  or  eliminate 
the  protection  the  respirator  provides  to 
the  employee. 

Because  there  are  so  many  ways  that 
respirators  can  be  rendered  ineffective 
and  so  many  potential  problems 
associated  with  their  use,  OSHA  has 
traditionally  relied  less  on  respirators 
than  on  engineering  and  work  practice 
controls  in  the  hierarchy  of  controls.  For 
example,  where  work  is  strenuous,  the 
increased  breathing  resistance  of  certain 
types  of  respirators  may  contribute  to  an 
employee's  health  problems  and  may 
reduce  the  acceptability  of  wearing  a 
respirator  to  employees.  Although 
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experience  in  industry  shows  that  most 
healthy  workers  do  not  have 
physiological  problems  wearing  properly 
chosen  and  fitted  respirators,  common 
health  problems  can  cause  difficulty  in 
breathing  while  an  employee  is  wearing 
a  respirator. 

Employees  with  respiratory  system 
and  cardiac  diseases  may  have 
difficulties  in  wearing  respirators. 
Cardiac  or  cardiorespiratory  diseases 
that  may  affect  respirator  use  include 
coronary  thrombosis,  any  type  of 
congestive  heart  disease,  other  ischemic 
heart  diseases,  and  hypertension. 

The  amount  of  difficulty  associated 
with  respirator  use  will  clearly  depend 
both  on  the  degree  of  cardiorespiratory 
inadequacy  and  on  the  amount  of 
physical  effort  required  by  the  work. 
Some  people  who  may  have  difficulty 
wearing  a  negative  pressure  respirator, 
which  increases  the  resistance  to 
inspiration,  should  be  able  to  manage 
well  with  a  positive  pressure  type 
respirator. 

The  decision  about  the  fitness  of  the 
individual  to  wear  a  respirator  is  a 
judgment  that  can  best  be  made  by  a 
licensed  physician,  who  must  take  into 
account  the  state  of  the  individual's 
health  as  well  as  the  physical 
requirements  of  the  job  (Bond;  Tr.  7/18/ 
90.  pp.  199-200).  Consequently,  OSHA 
requires  medical  examinations  under 
paragraph  (1)(6)  of  this  standard  that 
target  the  main  potential  health 
problems  for  workers  required  by 
paragraph  (g)  to  wear  respirators.  For 
any  employee  required  by  his/her  job  to 
wear  a  respirator  who  has  not  had  a 
medical  examination  within  the 
preceding  12  months  to  evaluate  the 
employee’s  physical  fitness  to  wear  a 
respirator,  such  a  medical  examination 
is  required  prior  to  assignment  to  that 
job. 

Safety  problems  created  by 
respirators  that  limit  vision  and 
communication  must  always  be 
considered.  In  some  difficult  and 
dangerous  jobs,  effective  vision  or 
communication  is  vital.  Voice 
transmission  through  a  respirator  can  be 
difficult,  annoying,  and  fatiguing.  In 
addition,  movement  of  the  jaw  in 
speaking  can  cause  leakage,  thereby 
reducing  the  efficiency  of  the  respirator 
and  decreasing  the  protection  afforded 
the  employee.  Also  skin  irritation  can 
result  from  wearing  a  respirator  in  hot, 
humid  conditions.  Such  irritation  can 
cause  considerable  distress  to  workers 
and  can  cause  workers  to  refrain  from 
wearing  the  respirator,  thereby 
rendering  it  ineffective.  For  all  these 
reasons,  OSHA  has  concluded  once 
again  that  reliance  upon  respirators  as 
the  primary  method  to  reduce  a  workers 


exposures  should  be  minimized.  This 
decision  is  consistent  with  the  cadmium 
proposal  and  is  based  upon  OSHA’s 
experience  and  generally  accepted 
principles  of  industrial  hygiene.  There  is 
no  evidence  or  data  in  the  record  that 
would  justify  OSHA  changing  its  long- 
established  position  on  this  matter. 

Respirator  efficiency  ultimately  relies 
on  the  individual  employee's  good  work 
practices,  and  respirator  programs  place 
the  burden  of  protection  on  the 
employee.  By  contrast,  engineering 
controls  entail  relatively  high,  front-end 
costs,  but  have  the  advantage  that  they 
can  control  toxic  substances  before 
employees  are  exposed  to  them.  In  any 
event  engineering  controls  do  not  rely 
for  their  effectiveness  so  routinely  on 
the  individual  employee’s  good  habits. 

To  date,  therefore,  OSHA  is  satisfied 
that  respirators  do  not  offer  equal  or 
better  protection  than  engineering 
controls. 

Because  respirators  are  less  reliable 
than  engineering  and  work  practice 
controls  and  may  create  additional 
problems,  they  are  not  the  preferred 
method  of  compliance  with  the  PEL. 
Accordingly,  their  use  as  a  primary 
control  is  restricted  to  certain 
circumstances  by  paragraph  (g)(1)  of  this 
standard.  In  those  circumstances,  where 
engineering  and  work  practice  controls 
cannot  be  used  to  achieve  the  PEL  (e.g., 
certain  maintenance  and  repair 
operations,  emergencies,  wherever  an 
employee  is  exposed  above  the  PEL  in 
an  industry  to  which  a  SECAL  is 
applicable,  or  during  periods  when 
equipment  is  being  installed),  OSHA 
recognizes  that  respirators  may  be 
essential  to  reduce  worker  exposure, 
and  provision  is  made  in  paragraph  (g) 
for  their  use  as  primary  controls.  In 
other  circumstances,  where  work 
practices  and  engineering  controls  alone 
cannot  reduce  exposure  levels  to  the 
PEL,  respirators  also  may  be  used  for 
supplemental  protection.  In  these 
situations,  the  burden  of  proof  of 
infeasibility  is  appropriately  placed  on 
the  employer. 

Respirators  also  may  be  used  when  an 
employee  exposed  at  or  above  the 
action  level  requests  a  respirator.  In 
such  cases,  it  is  OSHA’s  intention  that 
the  employer  comply  with  all  provisions 
of  the  standard  applicable  to  required 
respirator  use;  e.g.  medical 
examinations  under  paragraph  (1)(6)  and 
other  provisions  in  paragraph  (g). 

In  all  these  ways,  this  final  standard 
basically  tracks  the  proposal  in  its 
approach  to,  and  requirements  for, 
methods  of  compliance.  However,  three 
significant  changes  have  been  made  to 
the  proposed  standard  in  this  regard. 


(1)  For  a  small  number  of  processes  in 
selected  industries  where  it  is  not 
feasible  to  achieve  the  PEL  by 
engineering  and  work  practice  controls 
alone,  separate  engineering  (and  work 
practice)  control  air  limits  (SECALs)  of 
15  and/or  50  pg/m3have  been 
established  as  the  lowest  feasible  levels 
above  the  PEL  by  paragraph  (f)(l)(ii)  of 
this  standard  (See  paragraph  (f)(l)(ii) 
and  Table  1  in  the  standard  and  also  see 
Section  VIII — Regulatory  Impact 
Assessment,  in  this  preamble  for  those 
industries  to  which  a  SECAL  is 
applicable).  The  result  is  that  employers 
in  these  industries  are  not  required  to 
achieve  the  PEL  exclusively  by 
engineering  and  work  practice  controls 
but  are  instead  only  required  to  comply 
with  the  PEL  by  any  combination  of 
methods  of  compliance,  including 
respirators,  and  to  comply  with  the 
higher  SECAL  exclusively  by  means  of 
engineering  and  work  practice  controls. 
Like  the  PEL  for  all  other  industries  and 
occupations,  the  SECAL,  where 
applicable,  must  be  achieved  by 
engineering  and  work  practice  controls, 
except  to  the  extent  that  the  employer 
can  demonstrate  that  such  controls  are 
not  feasible. 

(2)  A  30  day  exclusion  for  intermittent 
exposure  has  been  added  to  the  general 
requirement  in  paragraphs  (f)(l)(i)  and 
(i)  of  this  standard  that  the  PEL  and  the 
SECAL  must  be  achieved  by  engineering 
and  work  practice  controls.  Under  the 
exclusion,  the  employer’s  obligation  to 
implement  engineering  and  work 
practice  controls  to  comply  with  the  PEL 
or  the  SECAL  is  not  triggered  if  an 
employee  is  exposed  only  intermittently 
so  long  as  the  employee  is  not  exposed 
above  the  PEL  (SECAL)  on  30  or  more 
days  during  a  year  (12  consecutive 
months).  Thus,  if  an  employee  is 
exposed  to  cadmium  on  only  29  days 
during  a  year,  even  if  the  exposure  is 
above  the  PEL  (SECAL)  on  all  of  these 
days,  the  employer  is  not  required  by 
this  standard  to  implement  engineering 
and  work  practice  controls  to  control 
exposures  to  the  PEL  (SECAL).  The 
burden  is  on  the  employer  to  prove  the 
required  elements  of  the  exclusion  from 
the  obligation  to  achieve  the  PEL  or, 
where  relevant,  the  SECAL  by 
engineering  and  work  practice  controls. 

(3)  In  paragraph  (f)(2)(ii),  OSHA  has 
set  out  in  general  terms  the  necessary 
elements  of  a  compliance  program. 
Similar  elements  were  included  in 
OSHA’s  health  standards  for  arsenic  (29 
CFR  1910.1018). 

OSHA  discusses  these  changes  in 
order.  First,  OSHA  has  decided  to  adopt 
a  separate  engineering  (and  work 
practice)  control  air  limit  (SECAL) 
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above  and  in  addition  to  the  PEL  for  a 
number  of  reasons,  some  quite  general 
and  others  specific  to  conditions  in  the 
cadmium  industries  and  occupations. 

The  main  reason  OSHA  has  adopted 
this  two-tier  structure,  which  was 
repeatedly  urged  upon  OSHA  by  the 
Cadmium  Council  (Ex.  L-140-28),  is  that 
it  is  simultaneously  more  protective  of 
workers’  health  and  feasible. 

Based  upon  the  evidence  in  the  record 
(Health  Effects;  QRA),  the  PEL  for 
cadmium  must  be  set  at  least  as  low  as  5 
pg/m3.  By  implementing  the  new  PEL  in 
conjunction  with  the  ancillary 
provisions  of  the  standard,  OSHA 
expects  that  cadmium  exposed  workers 
will  be  protected  from  significant  risks 
of  kidney  damage  and  lung  cancer  (Ex. 
L-140-50;  See  Section  VI — Quantitative 
Risk  Assessment).  In  addition,  (See 
Section  VIII — Regulatory  Impact 
Analysis),  a  PEL  of  5  pg/m3  is  at  or  very 
near  the  limit  that  can  be  achieved  by 
engineering  and  work  practice  controls 
for  thousands  of  cadmium  exposed 
employees.  Consequently,  the  health 
science  data  requires  OSHA  to  set  the 
PEL  at  5  pg/m3,  and  the  economic  and 
technological  data  indicate  that  level  is 
generally  within  the  limits  of  feasibility. 

However,  for  a  relatively  small 
minority  of  cadmium  exposed  workers, 
concentrated  almost  exclusively  in 
easily  identifiable  and  distinct  industry 
segments,  like  the  primary  cadmium 
producing  industries  of  cadmium 
refining  and  zinc  smelting,  Ni-Cd  battery 
manufacturing,  lead  smelting,  plastic 
stabilizer  production,  plating  and 
cadmium  pigment  production,  a  PEL  of  5 
pg/m3  does  not  appear  to  be  achievable 
by  engineering  and  work  practice 
controls  in  a  number  of  processes.  (See 
Table  1  and  discussion  under  Section 
VIII — Regulatory  Impact  Assessment.) 

Under  these  circumstances,  and 
focusing  exclusively  for  the  moment  on 
policy  issues,  OSHA  is  faced  with  a 
choice.  OSHA  can  set  the  PEL  high 
enough  that  it  can  be  achieved  by 
engineering  and  work  practice  controls 
in  most  of  the  operations  most  of  the 
time  ( United  Steelworkers  of  America  v. 
Marshall,  647  F.2d  1139,  at  1272  [D.C. 
Dir.  1980),  cert,  denied,  453  U.S.  913 
(1981))  in  all  or  nearly  all  of  the 
industries  and  in  all  of  the  occupations. 
But  in  that  case,  the  relatively  severe 
feasibility  constraints  in  the  primary 
cadmium  producing  industries  might  act 
as  the  limiting  factor  for  protecting  all 
cadmium  exposed  employees,  and  the 
vast  majority  of  cadmium  exposed 
workers  outside  these  industries  would 
be  less  protected  than  they  can  and 
need  to  be.  For  most  cadmium  exposed 
workers,  a  PEL  of  5  pg/m3  is  feasible  by 


engineering  and  work  practice  controls 
alone  and  would  provide  greater 
protection.  Moreover,  even  for 
employees  in  industries  that  cannot 
control  air  cadmium  levels  to  5  pg/m3, 
setting  the  PEL  at  a  level  no  lower  than 
the  lowest  level  that  can  be  achieved  by 
engineering  and  work  practice  controls 
also  would  be  less  protective. 

In  general,  setting  the  PEL  at  the 
lowest  level  achievable  by  engineering 
and  work  practice  controls  in  cases 
where  the  health  science  data  shows 
significant  remaining  risk  at  that  level 
means  that  workers  may  not  be 
adequately  protected.  Employers  in 
those  cases  would  not  be  required,  as 
they  would  be  if  the  PEL  were  set  at  the 
lower  level  indicated  by  the  health 
science  data,  to  provide  additional, 
needed  protection  to  workers  through 
respirators  and  compliance  with  other 
provisions. 

Although,  as  was  stated  above,  the 
Agency  does  not  believe  that  respirators 
are  as  effective  or  as  safe  as  engineering 
controls  in  protecting  workers,  OSHA 
has  no  doubt  that  respirators  are 
eminently  better  than  no  protection  at 
all.  Furthermore,  although  OSHA  is 
reluctant  to  require  workers  to  wear 
respirators  routinely  for  extended 
periods  of  time,  where  the  health 
science  data  indicate  that  additional 
worker  protection  is  required  below  the 
level  attainable  by  engineering  and 
work  practice  controls,  OSHA  believes, 
on  balance,  that  it  is  important  to  assure 
that  additional  protection  be  provided, 
even  if  this  necessitates  reliance  upon 
routine  use  of  respirators. 

To  the  extent  that  OSHA  in  this 
standard  is  divorcing  the  PEL  from  the 
SECAL  and  is  setting  the  PEL  at  the 
lower  level  indicated  by  the  health 
science  data,  OSHA  is  establishing  a 
protective  policy.  Some  precedent  for 
this  may  be  found  in  the  way  OSHA 
responded  to  the  recent  non-ferrous 
foundry  industry  lead  remand  (55  FR 
3146,  Jan.  30, 1990). 

However,  the  issues  in  the  lead 
remand  case  were  presented  in  such  a 
different  context  that  OSHA  did  not 
have  the  opportunity  or  the  need  to 
broadly  reconsider  the  relationship 
between  the  health  data  and  the  PEL,  on 
the  one  hand,  and  the  feasibility  data 
and  the  engineering  control  limit,  on  the 
other.  In  the  lead  remand,  the  PEL  had 
been  established  more  than  a  decade 
before.  In  that  context,  the  only  question 
for  OSHA  on  remand  was  whether  that 
PEL  was  feasible  in  particular  remand 
industries  and,  if  not,  what  was  the 
lowest  feasible  PEL  industry  by 
industry. 


By  contrast,  in  this  standard,  OSHA  is 
consciously  deciding  to  set  the  PEL 
lower  than  the  level  achievable  by 
engineering  and  work  practice  controls 
in  a  number  of  processes  in  the  primary 
cadmium  producing  industries.  OSHA  is 
aware  that  there  are  arguments  for  and 
against  this  decision,  and  indeed  this  is 
the  first  time  the  Agency  has  decided  so 
clearly  to  separate  the  PEL  from  the 
SECAL.  After  extensive  consideration  of 
the  pros  and  cons,  OSHA  has  decided 
that  the  added  protection  to  cadmium 
exposed  workers  resulting  from  this 
decision  outweighs  the  attendant 
disadvantages  deriving  from  the  need  in 
certain  industries  with  a  relatively  small 
number  of  exposed  employees  for 
greater  reliance  on  respirators  to 
supplement  engineering  and  work 
practice  controls. 

OSHA  believes  this  to  be  good  policy, 
which  is  supported,  and  may  under 
certain  circumstances  even  be  required, 
by  law.  Under  section  6(b)(5)  of  the  OSH 
Act  the  Agency  is  legally  required  to  set 
standards  that  “to  the  extent  feasible” 
best  protect  workers  from  significant 
risks  of  material  impairment  of  health. 
As  stated  in  the  cadmium  proposal  (55 
FR  4094),  OSHA  does  not  believe  that 
this  obligation  can  be  satisfied  by  using 
a  lowest-common  denominator 
approach  to  protecting  workers,  i.e.,  by 
protecting  all  workers  only  to  the  extent 
that  the  most  severe  feasibility 
constraint  on  protecting  any  worker 
would  allow.  On  the  contrary,  OSHA 
believes  that  if  a  minority  of  workers 
cannot  be  as  effectively  protected  as  the 
majority,  that  fact  is  not  an  adequate 
reason  to  forego  protecting  the  majority 
to  the  extent  feasible.  The  courts  seem 
to  agree. 

In  the  recent  decision  involving 
OSHA’s  asbestos  standard,  the  U.S. 
Court  of  Appeals  for  the  District  of 
Columbia  Circuit  appears  to  have  held 
that,  where  there  is  continuing 
significant  risk  at  a  PEL  of  0.2  fibers  per 
cubic  centimeter  and  a  PEL  of  0.1  fibers 
per  cubic  centimeter  is  achievable  in  an 
industry  sector  employing  93%  of  the 
exposed  workers,  then,  absent  some 
persuasive  justification  to  the  contrary, 
OSHA  cannot  legally  impose  the  higher 
PEL  on  that  sector  even  if  the  lower  PEL 
could  not  be  achieved  in  operations  in 
other  industry  sectors.  The  court, 
therefore,  remanded  the  case  to  OSHA 
“to  address  the  issue  of  disaggregating 
the  general  industry  standard  to  afford 
workers  the  benefits  of  more  stringent 
standards  in  areas  where  they  are 
feasible."  Building  and  Construction 
Trades  Dept.,  AFL-CIO  vs.  Brock,  838 
F.2d  1258, 1272-73.  OSHA  considers  its 
decision  in  this  rulemaking  to  require 
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compliance  with  a  SECAL  and  a  PEL  in 
certain  industries  to  be  in  accordance 
with  the  asbestos  opinion. 

With  regard  to  the  second  significant 
change  in  the  proposed  cadmium 
standard,  OSHA  in  paragraph  (f)(l)(iii) 
of  this  final  standard  has  added  an 
exclusion  to  the  general  requirement  of 
paragraphs  (f)(l)(i)  and  (ii)  that  the  PEL 
and  the  SECAL  must  be  achieved  by 
engineering  and  work  practice  controls. 
The  exclusion  is  for  employees  who  are 
only  intermittently  exposed  to  cadmium 
and  are  exposed  above  the  PEL  on  fewer 
than  30  days  per  year  (12  consecutive 
months).  OSHA  received  comments  on 
the  need  for  such  an  exclusion  (e.g.,  EEL 
Tr.  7/19/90,  pp.  5-68). 

OSHA  is  aware  that  this  introduces 
an  added  element  of  complexity  to  the 
standard.  However,  the  Agency  believes 
the  exclusion  is  one  method  of  providing 
needed  flexibility,  in  a  standard  that 
applies  to  multifarious  industries  and 
occupations,  while  protecting  workers. 

Under  the  exclusion,  the  employer’s 
obligation  to  implement  engineering  and 
work  practice  controls  to  comply  with 
the  PEL  or  the  SECAL  is  not  triggered 
until  an  employee  is  exposed  above  the 
PEL  on  30  or  more  working  days  during 
a  year.  Where  the  exposure  is  for  fewer 
than  30  working  days,  the  employer  may 
use  any  mix  of  controls  to  achieve  the 
PEL,  including  respirators.  However, 
OSHA  has  qualified  the  exclusion  by 
requiring  the  employer  to  demonstrate 
that  the  employee  is  only  intermittently 
exposed.  OSHA  considered  several 
options  when  reviewing  the  request  for 
an  exclusion  to  engineering  controls. 

(See  also  Ex.  L-144-28) 

OSHA  decided  to  add  an  exclusion  to 
the  final  standard  for  several  reasons. 
First,  under  current  exposure  conditions, 
the  main  threat  from  exposure  to 
cadmium  is  cumulative.  Thus,  assuming 
stable  exposure  levels,  the  fewer  the 
days  the  worker  is  exposed,  the  less 
cadmium  will  accumulate  in  the 
worker’s  body.  At  some  point,  the  risk  of 
adverse  health  effects  from  so  few  days 
of  exposure  per  year  is  reduced  to 
insignificance.  Consequently,  some 
exclusion  is  justified. 

Second,  in  a  number  of  the  cadmium 
using  industries  (e.g.,  plastics 
manufacturers  w'ho  use  cadmium 
stabilizers),  as  distinguished  from  the 
cadmium  producing  industries,  exposure 
to  cadmium  is  typically  intermittent  and 
brief  (e.g.,  Exs.  120;  8-716).  Under  such 
conditions  of  exposure,  it  may  not  be 
economically  feasible,  cost  effective,  or 
very  beneficial  to  workers’  health  for 
employers  to  invest  the  monies  needed 
to  install  engineering  controls  to  control 
cadmium  to  the  PEL. 


Third,  with  regard  to  industries  and 
occupations  that  are  neither  primary 
producers  of  cadmium  nor  routine  users 
of  cadmium,  the  30-day  exclusion 
broadly  means  that  engineering  and 
work  practice  controls  need  not  be 
implemented  and  consequently  that  in 
this  respect  the  standard  is  feasible. 

The  alternative  to  incorporating  an 
exclusion  in  the  requirement  to 
implement  engineering  controls  would 
require  employers  to  implement 
engineering  controls  wherever 
employees  are  exposed  to  cadmium 
above  the  PEL.  even  if  they  are  only 
exposed  on  one  or  several  days  a  year. 
OSHA  does  not  think  that  the  expense 
for  implementing  engineering  controls  in 
such  circumstances,  which  can  be  quite 
high,  would  be  justified.  Consequently, 
incorporating  some  sort  of  exclusion 
seems  to  make  sense  in  controlling 
occupational  exposure  to  cadmium. 

The  question,  then,  is  what  number  of 
days  should  be  selected  as  the 
maximum,  above  which  engineering  and 
work  practice  controls  must  be 
implemented.  There  is  no  simple, 
scientifically  definitive  answer  to  that 
question.  OSHA  chose  fewer  than  30 
working  days  per  year  in  part  because 
the  lead  standard  incorporated  a  similar 
exclusion  and  in  part  to  make  this 
exclusion  congruent  with  the  exclusion 
provided  in  paragraph  (l)(l)(i)  regarding 
medical  surveillance.  Since  lead  and 
cadmium  are  both  heavy  metals  that 
accumulate  in  the  body,  it  seemed 
appropriate  to  incorporate  similar 
maxima  as  triggers.  Furthermore, 
industry  representatives  indicated  that 
30  working  days  per  year  appeared  to 
reasonably  reflect  the  frequency 
patterns  for  intermittent  exposures  in 
their  industries  (Tr.  7/19/92,  pp.  10-15). 
In  any  event,  OSHA  is  assured  that  no 
number  of  days  other  than  30  per  year 
would  be  more  reasonable. 

In  providing  this  exclusion,  OSHA 
wants  to  make  clear  its  intention  to 
provide  relief  exclusively  to  employers 
whose  employees  are  exposed  to 
cadmium  only  intermittently  and 
otherwise  are  effectively  not  exposed  to 
cadmium  at  all.  If  employees  are  only 
exposed  to  cadmium  on  fewer  than  30 
working  days,  with  respirator  use 
required  to  reduce  exposures  that  are 
above  the  PEL,  the  cumulative  exposure 
allowed  under  the  exclusion  is  expected 
to  be  minimal.  On  the  other  hand,  if 
employees  are  exposed  to  cadmium 
above  the  PEL  on  fewer  than  30  working 
days,  but  also  are  exposed  at  or  below 
the  PEL  on  many,  most,  or  all  other 
days,  then  such  an  exclusion  might 
allow  employees  to  experience  much 
higher  cumulative  exposures  over  a  12- 
month  period,  well  above  what  would 


otherwise  be  considered  acceptable 
exposure  levels.  That  is  not  OSHA’s 
intention.  Consequently,  the  30-day 
exclusion  does  not  apply  to  employees 
who  have  more  than  nominal  exposure 
to  cadmium  in  addition  to  the  exposure 
during  the  fewer  than  30  days.  Where 
the  employee  has  such  other  exposure, 
regardless  of  whether  the  employee  is 
exposed  above  the  PEL  on  fewer  than  30 
days  a  year,  the  employer  is  obligated, 
to  the  extent  feasible,  to  achieve  the  PEL 
or  the  SECAL,  whichever  is  relevant,  by 
means  of  engineering  and  work  practice 
controls.  The  Agency  hopes  this  30- 
working-day  exclusion  will  make  the 
standard  more  flexible  in  the  great 
variety  of  intermittent  exposure 
conditions  to  which  the  standard  will 
apply. 

Under  paragraph  (f)(l)(iii),  it  is  the 
employer's  responsibility  to  demonstrate 
the  existence  of  all  the  elements 
required  for  the  employer  to  be  able  to 
take  advantage  of  the  exclusion.  Thus, 
the  employer  must  prove  that:  (a)  the 
employee  is  exposed  above  the  PEL  on 
fewer  than  30  days  per  yean  and  (b)  the 
employee  is  effectively  not  otherwise 
exposed  to  cadmium.  OSHA  placed  the 
burden  of  proof  on  the  employer  for 
several  reasons.  First,  the  employer  is  in 
the  best  position  to  demonstrate  the 
existence  of  all  the  elements,  because 
the  employer  has  the  best  access  to 
needed  information  about  employee 
exposure  levels  and,  where  existing 
information  is  inadequate,  the  employer 
also  is  in  the  best  position  to  develop 
the  necessary  information.  The 
employer  is  best  able  to  gather,  develop, 
correlate  and  maintain  the  exposure 
data  needed  to  assess  an  employee’s 
exposure  to  cadmium.  The  employer,  for 
example,  can  best  determine  how  often 
to  monitor  a  particular  employee  to 
satisfy  the  burden  of  proof  for  the 
exclusion.  Second,  by  contrast,  since 
OSHA  generally  only  inspects 
individual  workplaces  periodically  and 
relatively  briefly,  it  would  be  extremely 
difficult  for  OSHA  to  develop  or  gather 
the  information  concerning  the 
intermittency  and  intensity  of  employee 
exposures  needed  to  determine  whether 
the  exclusion  applies.  Third,  the 
employer  has  an  interest  in 
demonstrating  the  applicability  of  the 
exclusion  to  his/her  employee(s). 
Employers  generally  believe  that 
engineering  controls  are  more  expensive 
than  other  methods  of  compliance  and 
therefore  have  a  perceived  economic 
incentive  to  assure  that  engineering 
controls  are  not  implemented  for  any 
employee  for  whom  this  standard  does 
not  require  them. 
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(3)  The  third  significant  change  to  the 
proposal  is  the  requirement  for  specific 
elements  in  the  written  compliance 
program.  As  modified,  paragraph  (f)(2) 
requires  an  employer  who  has 
employees  exposed  over  the  PEL  to 
establish  and  implement  a  written 
compliance  plan  which  describes  the 
methods  to  be  used  to  reduce  employee 
exposure  within  his/her  workplace  to  or 
below  the  PEL.  The  30-day  exclusion  in 
paragraphs  (f)(1)  (i)  and  (ii)  does  not 
apply  to  the  requirement  to  develop  a 
written  compliance  plan,  because, 
regardless  of  the  manner  in  which 
exposure  must  be  controlled,  a  plan 
must  be  developed  to  show  how  it  will 
be  achieved.  The  plan  must  provide  for 
compliance  through  engineering  and 
work  practice  controls,  where  required 
by  the  standard,  to  the  extent  feasible. 
These  written  plans  must  be  furnished 
upon  request  for  examination  and 
copying  to  representatives  of  the 
Assistant  Secretary,  representatives  of 
the  Director  of  NIOSH,  and  affected 
employees  or  their  representatives;  and 
must  be  reviewed  and  updated,  as 
discussed  elsewhere  in  this  preamble. 

The  purpose  of  requiring  an  employer 
to  establish  a  written  compliance 
program  and  to  annually  review  and 
update  it  is  to  effectively  promote 
required  compliance  with  the  PEL  and/ 
or  SECAL  or,  in  the  alternative,  where 
reducing  airborne  cadmium  levels  to  the 
PEL  or  SECAL  is  not  feasible,  to 
effectively  aid  the  employer  in  reducing 
employee  air  cadmium  levels  to  the 
lowest  feasible  levels.  OSHA 
recommends  that  records  of  routine 
maintenance  of  equipment,  required  to 
achieve  stability  in  the  control  of 
exposures,  be  maintained  and  be 
accessible  for  review  by  OSHA.  If 
circumstances  change  significantly  (e.g. 
process  changes  or  advancements  in 
engineering  controls  where  it  previously 
was  infeasible  to  achieve  the  PEL  or 
SECAL  by  engineering  and  work 
practice  controls),  the  employer  is 
required  to  review  and  update  the 
compliance  program  as  needed. 

OSHA  has  set  out  in  very  general 
terms  the  required  elements  of  a 
compliance  plan.  The  elements  are 
similar  to  those  required  under  the  lead 
and  arsenic  standards  (29  CFR  1910.1025 

(e)(3)(ii);  29  CFR  1910.1918  (g)(2)(ii)). 
OSHA  believes  that  by  requiring  certain 
elements  in  compliance  plans  the 
Agency  will  direct  the  employer’s 
attention  to  these  elements  and 
communicate  a  sense  of  what  a 
compliance  plan  entails.  OSHA  further 
believes  that  requiring  a  detailed 
implementation  schedule  will  facilitate 
timely  compliance.  The  more  effective 


the  compliance  plan,  the  more  likely  it  is 
that  the  employer  will  achieve 
compliance  within  the  standard’s 
deadlines. 

The  required  elements  of  the  plan 
include  a  description  of  the  relevant 
aspects  of  each  operation  in  which 
cadmium  is  emitted;  a  report  of  the 
technology  considered  in  meeting  the  air 
cadmium  limit;  a  description  of  the 
specific  methods  that  will  be  used  to 
achieve  compliance,  including  the 
underlying  documents  justifying  the 
choice  of  methods;  air  monitoring  data 
characterizing  cadmium  emission 
sources;  a  detailed  implementation 
schedule,  with  progress  documented  by 
appropriate  underlying  documents;  a 
work  practice  program;  and  a  written 
plan  for  emergency  situations. 

OSHA  has  made  another  minor 
change  to  the  proposal  by  adding 
paragraph  (f)(3),  which  pertains  to 
mechanical  ventilation.  The  paragraph 
is  basically  the  same  as  paragraph  (e)(5) 
in  the  lead,  standard  (29  CFR  1910.1025) 
and  similar  in  part  to  paragraph  (e)(4)  in 
the  cotton  dust  standard  (29  CFR 
1910.1043).  Mechanical  ventilation  is 
generally  the  most  important 
engineering  control  for  controlling 
cadmium  exposure.  Consequently,  the 
Agency  has  made  it  explicit  under 
paragraph  (f)(3)(i)  that  when  ventilation 
is  used  to  control  exposure, 
measurements  that  demonstrate  the 
effectiveness  of  the  system  in  controlling 
exposure,  such  as  capture  velocity,  duct 
velocity,  or  static  pressure,  should  be 
made  to  ascertain  and  maintain  the 
effectiveness  of  the  ventilation 
equipment.  This  provision  was  included 
to  facilitate  understanding  of  good 
general  maintenance  practices.  It  is  not 
expected  that  this  provision  will  add 
additional  costs  to  an  employer’s  routine 
maintenance  procedures. 

The  Agency  further  specifies  under 
paragraph  (f)(3)(ii)  that  measurements  of 
the  system’s  effectiveness  in  controlling 
exposure  should  be  made  within  a 
reasonable  time  period,  i.e.,  within  five 
days,  after  any  changes  in  change  in 
production,  process,  or  control  that 
might  result  in  a  significant  increase  in 
employee  exposure  to  cadmium.  Under 

(f)(3)(iii),  it  is  specified  that  if  air  from 
an  exhaust  ventilation  system  is  to  be 
recirculated  into  the  workplace,  the 
system  shall  have  a  high  efficiency  filter 
and  be  monitored  to  assure 
effectiveness.  In  addition,  under 
(f)(3)(iv),  OSHA  requires  that  employers 
develop  and  implement  procedures  to 
minimize  employee  exposure  to 
cadmium  when  maintenance  of 
ventilation  systems  and  changing  of 
filters  is  being  conducted. 


OSHA  believes  that  paragraph  (f)  of 
this  standard,  which  requires  the 
employer  to  give  preference  to 
engineering  controls  and  work  practices 
over  the  use  of  respirators,  is  protective 
and  encourages  employers  to  pursue  a 
cost-effective  approach  to  controlling 
cadmium  exposure. 

Respiratory  Protection:  Paragraph  (g) 

With  regard  to  respiratory  protection, 
this  final  standard  adopts  the  proposed 
provisions  with  little  or  no  substantive 
modification.  The  provisions  of  this 
standard  are  in  keeping  with 
requirements  for  respiratory  protection 
in  other  OSHA  health  standards  (Lead 
29  CFR  1910.1025;  Benzene  29  CFR 
1910.1028),  and  with  recent 
developments  in  the  field. 

Respirators  are  necessary  as 
supplementary  protection  to  reduce 
employee  exposure  when  engineering 
and  work  practice  controls  cannot 
achieve  the  necessary  reduction  to  or 
below  the  PEL.  Respirators  may  also  be 
necessary  at  other  times:  while  such 
controls  are  being  implemented,  during 
emergency  situations,  during 
intermittent  exposures  under  the  30- 
working  day  exclusion  when 
engineering  and  work  practice  controls 
are  not  required,  wherever  an  employee 
is  exposed  to  cadmium  above  the  PEL  in 
an  industry  to  which  a  SECAL  is 
applicable,  and  for  brief  or  intermittent 
exposures  that  cannot  be  controlled 
through  engineering  and  work  practice 
controls.  A  respirator  also  must  be 
provided  by  the  employer  for  all 
authorized  employees  in  regulated 
areas. 

Finally,  OSHA  in  paragraph  (g)(l)(vi), 
also  requires  employers  to  provide  a 
respirator  to  any  employee  who  is 
exposed  to  cadmium  at  or  above  the 
action  level  who  requests  one.  This 
provision  is  the  same  in  the  final 
standard  as  in  the  proposal  (55  FR  4052, 
at  4123).  It  also  is  similar  to  a  provision 
in  the  lead  standard  (29  CFR  1910.1025 

(f) (l)(iii)).  The  employer  under 
paragraph  (g)(2)(ii)  is  also  required  to 
provide  a  powered  air  purifying 
respirator  (PAPR)  to  any  employee 
entitled  to  be  provided  a  respirator 
whenever  that  employee  requests  a 
PAPR  and  the  PAPR  will  provide 
adequate  protection  to  the  employee. 
This  provision  clarifies  the  language  in 
paragraph  (g)(2)(ii)  of  the  proposal  to 
make  it  consonant  with  paragraph 

(g) (l)(vi)  in  the  proposal  and  final 
standard. 

Because  of  the  risk  of  serious  adverse 
health  effects  from  cadmium  exposures. 
OSHA  accepts  the  need  for  requiring 
respirators  in  the  above  mentioned 
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circumstances  in  order  to  reduce  an 
employee’s  cumulative  dose  of 
cadmium. 

The  final  standard  requires  that 
whenever  respirators  are  required  to 
reduce  employee  exposures,  the 
employer  must  provide  the  type  of 
respirator  appropriate  to  the  exposure 
level  at  no  cost  to  the  employee. 
Employers  must  also  assure  that 
respirators  are  used  properly  when 
required.  The  standard  contains  specific 
requirements  for  the  use,  selection, 
maintenance,  and  fitting  of  respirators, 
which  are  derived  from  OSHA’s 
experience  and  are  consistent  with 
widely  accepted  principles  of  industrial 
hygiene  and  with  other  OSHA  health 
standards  (Asbestos,  29  CFR  1910.1001; 
Lead.  29  CFR  1910.1025;  Benzene,  29  CFR 
1910.1028;  Formaldehyde,  29  CFR 
1910.1048). 

Table  2  lists  the  type  of  respirator  to 
be  used  at  each  airborne  concentration 
of  cadmium  in  the  workplace.  While  the 
employer  must  select  the  appropriate 
respirator  from  the  table  on  the  basis  of 
the  airborne  concentration  of  cadmium, 
the  employer  may  always  select  a 
respirator  providing  greater  protection, 
(i.e.,  a  respirator  prescribed  for  higher 
concentrations  of  cadmium  than  the 
concentration  to  which  the  employee  is 
exposed).  The  standard  further  requires 
that  the  respiratory  protection  program 
implemented  by  the  employer  conform 
to  that  set  forth  in  29  CFR  1910.134, 
which  contains  the  basic  requirements 
for  proper  selection,  use,  cleaning  and 
maintenance  of  respirators.  Since 
OSHA’s  risk  assessment  indicates  that 
cadmium  is  highly  toxic,  OSHA  has 
required  all  air  purifying  respirators  to 
be  equipped  with  a  HEPA  filter, 
regardless  of  the  exposure  level.  OSHA 
believes  that  HEPA  filters  provide  an 
extra  margin  of  safety  at  all  levels  of 
exposure.  While  other  non-HEPA  filters 
may  perform  efficiently  at  very  high 
concentrations  of  cadmium  in  air,  the 
HEPA  is  the  most  efficient,  e.g.,  99.97% 
removal  at  higher  concentrations. 
Moreover,  only  the  HEPA  filter  is 
efficient  at  lower  PELs,  e  g.,  PEL  <  50 
pg/m5  (Asbestos,  51  FR  22695,  June  20, 
1986). 

OSHA  is  especially  concerned  about 
efficiently  filtering  small  size  particles, 
i.e.,  the  particles  for  which  the  HEPA 
filter  is  the  most  effective.  Thus,  OSHA, 
in  requiring  the  use  of  HEPA  filters  is 
concerned  especially  to  protect  workers 
exposed  to  low  levels  of  cadmium  in  the 
form  of  small  particles.  OSHA  believes 
that  the  requirement  for  HEPA  filters 
will  provide  a  needed  degree  of  safety 
for  these  workers,  that  cannot  be 
provided  as  effectively  by  other  filters. 


The  requirement  for  HEPA  filters  is 
consistent  with  other  OSHA  health 
standards  (Lead,  29  CFR  1910.1025; 
Asbestos,  29  CFR  1910.1001). 

The  standard  also  requires  employers 
to  permit  employees  to  leave  regulated 
areas  to  readjust  the  respirator 
facepiece  for  proper  fit,  to  change  the 
filters,  or  to  replace  the  respirator.  It 
also  requires  employers  to  permit 
employees  to  leave  the  regulated  area  to 
wash  their  faces  or  their  respirators  to 
avoid  potential  skin  irritation  associated 
with  respirator  use.  These  requirements 
encourage  and  facilitate  the  proper  use 
of  respirators  by  employees  through 
authorizing  employees  to  take  specific 
actions  to  assure  the  effective 
functioning  of  the  respirators  and  to 
reduce  the  probability  of  certain  adverse 
side  effects  from  wearing  respirators. 
These  requirements  are  consistent  with 
provisions  in  other  health  standards 
(e.g.,  Inorganic  Lead,  29  CFR  1910.1025) 
and  with  the  proposed  cadmium 
standard  (55  FR  4123). 

The  standard  requires  fit  testing  of  all 
respirators  to  assure  at  least  a 
minimally  acceptable  fit.  Quantitative  fit 
testing  requires  the  use  of  moderately 
sophisticated  testing  equipment  and  is 
more  expensive  to  perform  than 
qualitative  fit  testing.  This  may  reduce 
its  availability  in  some  worksites.  Also, 
testing  services  may  not  be  available  in 
all  parts  of  the  country  to  provide 
quantitative  fit  testing  services  for  small 
employers.  To  tailor  the  respirator  fit 
testing  to  the  circumstances  of  the 
employer’s  establishment,  OSHA 
permits  the  employer  to  choose  either 
quantitative  or  qualitative  fit  testing  if 
cadmium  exposures  are  less  than  10 
times  the  PEL.  Mandatory  protocols  for 
whichever  type  of  testing  the  employer 
chooses  are  set  forth  in  Appendix  C  to 
this  standard. 

OSHA  is  requiring  quantitative  fit 
testing  of  all  tight-fitting  air-purifying 
respirators  ‘(either  positive  or  negative- 
pressure)  when  used  at  exposures 
exceeding  10  times  the  PEL,  50  pg/m*. 
because  proper  fit  is  essential  to  the 
performance  of  these  respirators. 
Quantitative  fit  testing  is  a  procedure 
whereby  the  level  of  penetration  of  a 
test  agent  of  known  concentration  is 
measured  inside  the  facepiece  of  the 
respirator.  Quantitative  fit  testing  is 
generally  recognized  as  the  better 
method  for  determining  how  well  a 
respirator  fits  a  particular  individual.  It 
provides  a  quantitative  assessment  of 
the  extent  of  the  fit  (i.e.,  the  fit  factor).  It 
allows  the  employer  to  test  various 
respirators  on  the  employee  until  the 
optimum  or  best  fitting  respirator  is 
identified  and  selected  for  the  employee. 


Whenever  quantitative  fit  testing  is  used 
to  assess  the  fit  of  a  negative  pressure 
respirator,  a  fit  factor  of  at  least  10  times 
the  protection  factor  for  that  class  of 
respirators  shall  be  achieved  for  an 
acceptable  fit.  This  is  a  minimum 
requirement.  Whenever  quantitative  fit 
testing  is  used  to  assess  the  fit  of  a 
positive  pressure  respirator,  the 
employer  shall  test  a  negative  pressure 
respirator  made  by  the  same 
manufacturer,  which  is  the  same  model 
and  size,  to  determine  whether  the 
facepiece-to-face  seal  is  adequate.  The 
seal  is  acceptable  if  the  fit  factor  is  at 
least  10  times  the  protection  factor  for 
the  relevant  class  of  negative  pressure 
respirators. 

The  regulatory  language  in  the 
proposal,  which  required  that  both 
negative  and  positive  pressure  air 
purifying  respirators  be  fit  tested,  was 
not  clear  on  this  point.  A  commenter 
stated  that  the  proposed  requirement  for 
quantitative  fit  testing  for  negative 
pressure  air  purifying  respirators  and 
powered-air-purifying  respirators 
(PAPRs)  should  be  extended  to  all  tight- 
fitting  respirators,  including  self 
contained  breathing  apparatus  (SCBAs) 
and  supplied  air  respirators  (L19-53). 
Language  has  been  added  to  paragraph 
(g)(4)  to  clarify  the  requirement  to  fit  test 
tight-fitting  supplied-air  respirators  and 
SCBAs. 

Obtaining  a  proper  respirator  fit  may 
require  fit  testing  a  variety  of  different 
mask  sizes  from  several  manufacturers 
to  select  the  facepiece  with  the  best  fit 
(i.e.,  least  leakage  around  the  faceseal) 
for  each  employee.  A  properly  fitted 
facepiece  helps  to  reduce  inhalation 
leakage  to  a  minimum.  If  the  fit  factor  is 
not  at  least  minimally  acceptable,  the 
respirator  shall  not  be  worn.  With  ill- 
fitting  respirators,  cadmium 
contaminated  workplace  air  may  enter 
the  facepiece  through  gaps  and  leaks  in 
the  facepiece  seal. 

Qualitative  fit  testing  does  not  provide 
a  numeric  measure  of  the  tightness  of 
the  fit  but  simply  determines  whether  a 
respirator  ‘‘fits’’  or  not.  Qualitative  fit 
testing  is  a  technique  whereby  a  person 
wearing  a  respirator  is  tested  to  see 
whether  a  test  agent  with  a  detectable 
odor  or  taste  threshold  can  be  detected 
inside  the  respirator.  If  the  odor  or  taste 
cannot  be  detected,  the  respirator  is  said 
to  “fit”.  Qualitative  fit  testing  is  more 
subjective  than  quantitative  testing 
because  it  depends  on  the  individual's 
ability  to  detect  the  test  agent. 

OSHA  recognizes  that  quantitative  fit 
testing  may  have  some  advantages  over 
qualitative  fit  testing.  However,  for 
employees  exposed  to  lower  levels  of 
cadmium,  (10  times  the  PEL  or  less) 
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qualitative  testing  conducted  in 
accordance  with  the  protocols  described 
in  Appendix  C  can  adequately  assess 
the  fit  of  the  respirator  to  assure  that 
each  employee  is  assigned  and  wears 
the  respirator  that  provides  a  proper  fit 
with  the  least  possible  leakage.  It  is 
important  that  all  employees  who  wear 
respirators  be  medically  screened  to 
determine  employee  fitness  for 
respirator  usage.  Respirator  use  may 
constitute  a  burden  on  the  employee’s 
cardiopulmonary  system.  This  burden 
may  result  in  symptoms  such  as 
shortness  of  breath,  chest  pain, 
dizziness  or  fatigue.  These  symptoms 
may  be  exacerbated  by  pre-existing  lung 
disease  such  as  chronic  bronchitis, 
emphysema,  asthma  or  pneumoconiosis. 

Paragraph  (l)(6}(i)  of  this  standard 
requires  that  limited  medical 
examinations  be  made  available  to 
workers  with  a  job  that  requires  the  use 
of  a  respirator.  This  differs  from  the 
proposal  which  required  a  full  medical 
examination  (55  FR  4125).  The  limited 
medical  examination  must  be  made 
available  prior  to  the  employee’s 
assignment  to  a  job  requiring  a 
respirator  nnless  the  employee  has 
received  a  medical  examination  within 
the  preceding  12  months  that  satisfies  all 
the  requirements  of  paragraph 
(l)(0){iJ{A)— (D).  The  medical 
examination  is  to  assure  that  individuals 
who  are  incapable  of  wearing  a 
respirator  or  who  might  suffer  some 
adverse  health  effect  from  wearing  a 
respirator  are  not  required  to  wear  one. 
The  medical  examination  is  made 
available  to  determine  whether  any 
health  conditions  exist  that  would  affect 
the  employee’s  ability  to  wear  a 
respirator.  If  an  examining  physician 
determines  that  an  employee  will  be 
unable  to  continue  to  function  normally 
while  wearing  a  respirator  in  a  job 
where  exposures  exceed  the  PEL,  then 
the  employee  shall  be  afforded  the 
opportunity  for  transfer  as  set  forth  in 
paragraph  (1)(11).  This  is  consistent  with 
OSHA’8  previous  health  standards  (e.g., 
Asbestos,  29  CFR  1910.1001;  paragraph 
(gPMiv)). 

This  does  not  mean  that  medical 
removal  protection  (MRP)  under 
paragraph  (1){11)  applies  to  a  new 
employee  who  is  determined  in  a  pre¬ 
employment  medical  examination  for 
respirator  use  to  be  unable  to  wear  a 
respirator.  Nor  does  it  mean  that  MRP 
applies  to  a  worker  determined  to  be 
medically  unable  to  wear  a  respirator 
who  seeks  to  transfer  to  a  job  for  which 
a  respirator  is  required.  The  MRP 
provisions  relating  to  an  employee’s 
inability  to  wear  a  respirator  apply  only 
to  a  worker  who  already  is  functioning 


in  a  job  where  a  respirator  is  required 
who  is  then  determined  to  be  medically 
unable  to  wear  a  respirator. 

OSHA  has  not  exempted  occasional 
users  of  respirators  from  the  medical 
evaluation  requirement.  OSHA  believes 
such  users  need  to  be  evaluated  for  their 
fitness  to  wear  respirators  as  welL  In 
addition,  applying  such  an  exemption 
might  create  administrative  problems 
(Docket  Number  H-049,  Respiratory 
Protection  Revision). 

The  standard  requires  employers  to 
provide  a  proper  respirator  at  no  cost  to 
any  employee  with  cadmium  exposures 
at  or  above  the  action  level  who 
requests  one.  Due  to  the  serious  nature 
of  the  adverse  health  effects  of  cadmium 
exposure,  workers  exposed  at  or  above 
the  action  level  may  choose  to  use 
respirators.  OSHA  generally  agrees  with 
the  commenter  who  argued  that  OSHA 
should  have  a  consistent  medical 
surveillance  policy  for  all  respirator 
users,  including  voluntary  users  (Ex.  19- 
9).  As  stated,  medical  surveillance  under 
paragraph  (1)  is  triggered  at  exposure 
levels  at  or  above  the  action  level. 
Similarly,  an  employee  exposed  at  or 
above  the  action  level  has  the  right  to 
request  a  respirator.  Therefore,  workers 
who  voluntarily  request  a  respirator  are 
likely  to  already  be  covered  by  medical 
surveillance. 

In  addition,  unless  otherwise 
indicated,  all  other  relevant 
requirements  apply  equally  to  voluntary 
respirator  users.  Thus,  under  paragraph 
(1)(6),  the  employer  must  provide  the 
voluntary  user  with  a  limited  medical 
examination  to  determine  the 
employee’s  fitness  to  wear  a  respirator 
prior  to  wearing  one.  Similarly,  the 
employer  must  maintain  the  voluntary 
users’  respirators  in  good  repair  and 
provide  an  adequate  supply  of  filter 
elements.  If  employees  entitled  to  be 
provided  a  respirator  by  the  employer 
were  treated  differently,  their 
entitlement  might  be  compromised.  For 
all  workers  covered  by  this  standard 
who  wear  a  respirator  and  for  workers 
who  are  participating  in  medical 
surveillance  under  this  standard,  an 
examination  for  fitness  to  wear  a 
respirator  is  effectively  part  of  routine 
medical  surveillance. 

For  a  respirator  program  to  be 
effective,  the  employee  must  be  properly 
trained  to  wear  the  respirator,  to  know 
why  the  respirator  is  needed,  and  to 
understand  the  limitations  of  the 
respirator.  An  understanding  of  the 
hazards  involved  also  is  necessary  to 
enable  employees  to  take  steps  for  their 
own  protection. 

Commenters  and  witnesses  in  the 
rulemaking  raised  several  main  points 


about  OSHA’s  proposed  requirements 
for  respiratory  protection.  On  the  one 
hand,  a  number  of  commenters  criticized 
these  requirements  for  not  being  strict 
enough.  NIOSH,  for  example,  presented 
a  very  stringent  approach  to  respirator 
usage  (Exs.  57;  106).  NIOSH  had  several 
recommendations  regarding  respirator 
protection  for  cadmium  exposed 
workers.  NIOSH  opposed  routine,  full¬ 
time  use  of  respirators  and  allowing  the 
use  of  negative  pressure  respirators  and 
instead  recommended  that  only  the  most 
protective  positive  pressure  supplied-air 
and  SCBA  respirators  be  used,  since 
cadmium  is  an  occupational  carcinogen 
(Ex.  57;  NIOSH,  Tr.  7/17/90,  p.  51). 

OSHA  has  never  followed  such  a 
stringent  policy  on  respirator  use.  If 
respirators  other  than  the  positive 
pressure  respirators  NIOSH 
recommended  are  permitted,  NIOSH 
recommended  that  the  assigned 
protection  factors  given  in  the  NIOSH 
Respirator  Decision  Logic  be  used,  in 
particular  that  tight  fitting  PAPRs  be 
given  a  protection  factor  of  50  (OSHA 
proposed  250),  and  that  loose  fitting 
PAPRs  be  given  a  protection  factor  of  25. 
as  OSHA  proposed.  (Tr.  7/17/90,  pp.  57- 
58.  77,  83, 164-65,  212-14).  In  view  of  the 
disagreement  regarding  protection 
factors  (see  below).  OSHA  decided  not 
to  change  its  proposed  protection  factors 
and  to  allow  further  comments  on  this 
issue  to  be  placed  in  the  record  of  the 
proposed  Respiratory  Protection 
Revision  standard  (Docket  Number  H- 
049). 

On  the  other  hand,  several 
commenters  criticized  OSHA’s  proposal 
for  being  too  strict  regarding  respirators. 
Thus,  one  commenter  argued  that  PAPRs 
and  supplied  air  respirators  should  be 
assigned  a  protection  factor  of  1000  in 
the  final  standard  (Ex.  19-20).  Another 
commenter  criticized  OSHA  for 
assigning  a  protection  factor  (PF)  as  low 
as  25  to  loose  fitting  PAPRs,  instead  of 
the  current  PF  of  1,000  or  at  least  100 
(Ex.  19-39).  Still  another  criticized  the 
Agency  for  not  assigning  a  PF  higher 
than  10  to  half-mask,  negative  pressure 
respirators,  which  it  claimed  might  in 
some  situations  be  more  effective  and 
safer  than  full  facepiece,  negative 
pressure  respirators  or  PAPRs  (Tr.  6/12/ 
90,  p.  7).  Another  commenter  asked,  in 
light  of  NIOSH's  disapproval  of 
disposable  “high-efficiency”  respirators 
for  use  against  asbestos  because  of  its 
carcinogenicity,  whether  such 
respirators  were  useable  for  cadmium 
exposures  (Ex.  19-18).  One  questioned 
the  need  to  provide  PAPRs  on  request 
when  exposures  did  not  exceed  the  PEL 
(Ex.  19-22). 
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OSHA  has  extensively  reviewed  the 
respirator  performance  studies 
supporting  the  protection  factor  of  10 
given  to  half  mask  respirators  as  part  of 
the  Respirator  Standard  Revision 
(Docket  No.  H-049).  The  concept  of 
giving  an  increased  protection  factor  to 
a  respirator  based  on  higher  fit  factors 
measured  during  quantitative  fit  testing 
has  been  discredited.  Workplace 
protection  factor  studies  (Docket  H-049 
Exs.  27-1;  27-2;  27-9;  38-2;  38-7)  and 
laboratory  fit  testing  studies  (Docket  H- 
049  Exs.  2;  38-3)  that  have  been 
reviewed  as  part  of  the  29  CFR  1910.134 
respirator  standard  revision  show  that 
the  fit  factors  achieved  during 
quantitative  fit  testing  are  not  achieved 
in  the  workplace.  While  half  masks  can 
achieve  fit  factors  greater  than  10  during 
QNFT,  they  have  not  been  able  to 
demonstrate  consistent  workplace 
protection  levels  greater  than  10. 
Consequently,  the  protection  factors 
OSHA  had  listed  for  cadmium 
respirators  in  the  proposal  (55  FR  4123) 
are  not  being  changed.  The  few 
comments  on  protection  factors  that 
were  received  do  not  justify  changing 
the  protection  factors  listed. 

A  question  about  the  use  of 
disposable  high-efficiency  respirators 
such  as  the  3M  Model  9970  for 
protection  against  cadmium  was  raised 
by  Bruce  Crowell  of  the  Duke  Power 
Company  (Ex.  19-18).  OSHA  is 
concerned  that  the  effectiveness  of  such 
respirators  against  carcinogenic  dusts 
and  fumes  (NIOSH,  Tr.  7/17/90,  p.  51; 

Ex.  57)  is  limited  by  problems  in 
achieving  an  adequate  fit.  This  concern 
has  been  addressed  in  several  OSHA 
standards.  The  cotton  dust  standard 
allowed  a  protection  factor  of  5  for 
disposable  dust/mist  respirators  due  to 
problems  with  respirator  fit.  The 
asbestos  standard  prohibited  the  use  of 
disposable  respirators,  with  or  without 
HEPA  filters.  However,  there  are  HEPA 
disposable  respirators  on  the  market 
with  elastomeric  facepieces  that  do  not 
have  these  problems  with  fit.  For  the 
time  being,  OSHA  will  accept  the  use  of 
HEPA  disposable  respirators  with 
cadmium.  Nonetheless,  caution  is  urged 
in  using  HEPA  disposable  respirators, 
particularly  single  use  HEPA  respirators 
without  elastomeric  facepieces. 

Michael  Dwyer  of  the  McDonnell 
Douglas  Corporation  (Ex.  19-22) 
commented  that  employers  should  be 
required  to  provide  PAPRs  on  request 
only  if  exposures  exceed  the  PEL.  Mr. 
Masaitis,  testifying  for  the  American 
Iron  and  Steel  Institute,  stated  that  it  “is 
unreasonable  to  require  that  an 
employer  provide  a  PAPR  to  an 
employee  simply  because  one  is 


requested”  when  other  adequate 
protection  is  available  (Tr.  7/18/90,  pp. 
282-283).  The  cadmium  standard 
requires  that  respirators,  including 
PAPRs,  be  provided  by  employers  to 
employees  exposed  at  or  above  the 
action  level  on  request.  PAPRs  can 
minimize  the  physiological  burden  on 
lung  function  imposed  by  air  purifying 
respirators.  Dr.  Tyner  of  Gates  Energy 
Systems  commented  that  lung  function 
should  not  interfere  with  a  worker’s 
ability  to  wear  a  respirator  as  long  as 
positive  pressure  respirators  are 
available  (Ex.  19-2).  PAPRs  can  also 
provide  added  protection.  OSHA, 
therefore,  will  continue  to  require  that 
employers  provide  a  PAPR  to  an 
employee  exposed  at  or  above  the 
action  level  when  requested. 

Several  other  commenters  criticized 
aspects  of  the  protocols  for  fit  testing  in 
appendix  C  (Exs.  19-5;  19-7;  19-9;  19- 
20). 

Mr.  G.F.  Stone  of  the  Tennessee 
Valley  Authority  commented  on  the 
requirement  in  appendix  C  that  the 
employer  assign  specific  individuals  to 
assume  full  responsibility  for  the 
qualitative/quantitative  fit  testing 
program  (Ex.  19-5).  He  recommended 
that  the  employer  be  required  to  assign 
a  single  individual  to  be  responsible  for 
the  entire  respirator  program,  and  that 
individual  could  then  delegate  the  fit 
testing  responsibilities  to  appropriate 
individuals.  This  cadmium  standard 
permits  an  employer  to  designate  one 
individual  to  be  responsible  for  the 
entire  respirator  program.  Such  a 
requirement  for  a  single  respirator 
program  administrator  is  being 
considered  for  inclusion  as  part  of  the 
respirator  standard  revision  (29  CFR 
1910.134).  However,  that  proposed 
revision  and  this  cadmium  standard  in 
their  fit  testing  procedures  require  that 
individuals  be  assigned  to  be 
responsible  for  the  qualitative  and 
quantitative  fit  testing  programs  who  are 
trained  and  experienced  in  selecting 
proper  fitting  respirators,  performing  fit 
testing,  calibrating  fit  test  equipment 
and  interpreting  fit  testing  results.  This 
specialized  knowledge  and  ability  to 
perform  fit  testing  goes  beyond  that 
normally  expected  of  an  overall  program 
administrator.  The  purpose  of  this 
requirement  is  to  be  sure  that  the  fit 
testing  program  is  performed  only  by 
appropriately  trained  personnel. 

In  appendix  C,  the  quantitative  fit 
testing  methods  state  that  com  oil  or 
sodium  chloride  are  the  only  accepted 
challenge  aerosols.  Mr.  G.F.  Stone  of  the 
Tennessee  Valley  Authority  (Ex.  19-5) 
urged  OSHA  to  revise  this  to  permit  the 
use  of  Portacount  fit  testing  instruments, 


which  use  ambient  air  particles  as  the 
challenge  aerosol.  The  quantitative  fit 
test  methods  in  appendix  C  have  been 
shown  to  be  accurate  through  extensive 
validation  testing.  In  addition,  the  use  of 
the  Portacount  is  currently  permitted 
under  other  OSHA  standards  by  a 
compliance  interpretation  that  treats 
their  use  as  a  de  minimis  violation  of  the 
fit  testing  requirements  (Ex.  L-166).  The 
cadmium  standard  will  continue  this 
interpretation  of  the  Portacount.  As  part 
of  the  respirator  standard  revision  (29 
CFR  1910.134),  the  manufacturer  of  the 
Portacount  has  the  opportunity  to 
submit  validation  testing  of  its  fit  testing 
method  and  instrumentation  to  show 
that  it  is  capable  of  determining  fit 
factors  as  accurately  as  the  com  oil  and 
sodium  chloride  systems  currently 
recognized,  in  order  to  become  a 
validated  fit  test  method.  If  the 
Portacount  becomes  a  validated  fit  test 
method,  the  appendix  C  fit  test  methods 
will  be  revised  to  reflect  this. 

The  Maryland  Occupational  Safety 
and  Health  program  (MOSH) 
recommended  that  the  grimace  be 
deleted  from  the  fit  test  exercises  so  that 
“workers  will  not  fail  otherwise 
acceptable  fit  tests”  (Ex.  19-7).  The 
purpose  of  the  grimace  exercise  is  to 
determine  whether  the  respirator  being 
fit  tested  will  reseat  itself  on  the  face 
after  the  respirator  seal  is  broken  during 
the  grimace  exercise.  In  quantitative  fit 
testing,  the  test  instrumentation  should 
show  a  rise  in  challenge  agent 
concentration  inside  the  mask  during  the 
grimace  exercise  and  a  drop  once  the 
respirator  reseats  itself.  If  the  respirator 
fails  to  reseat,  the  subsequent  test 
exercises  will  show  excessive  leakage 
and  result  in  failing  the  test.  Since  even 
a  properly  fitting  respirator  may  show 
increased  penetration  during  the 
grimace  exercise,  the  penetration 
measured  during  the  grimace  exercise  is 
not  to  be  used  in  calculating  the  fit 
factor.  The  language  in  appendix  C  has 
been  modified  to  reflect  this. 

MOSH  also  recommended  that  the 
saccharin  solution  qualitative  fit  test 
protocol  be  deleted  from  appendix  C 
(Ex.  19-7).  MOSH  pointed  out  that  while 
the  saccharin  method  is  the  only 
protocol  used  with  disposable  dust 
respirators,  such  respirators  are  not 
allowed  by  the  proposed  cadmium 
standard.  The  proposed  and  final 
cadmium  standards  require  the  use  of 
HEPA  filters,  which  means  that  the 
irritant  smoke  and  isoamyl  acetate 
protocols  can  be  used  for  qualitative  fit 
testing.  The  saccharin  protocol,  which 
uses  a  large  particle  size  test  aerosol,  is 
not  necessarily  appropriate  for  cadmium 
exposure  with  that  type  of  respirator. 
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OSHA  agrees  with  MOSH  that  the 
saccharin  solution  protocol  is  not  now 
needed  for  the  respirators  permitted 
under  the  cadmium  standard,  so  it  has 
been  deleted  from  appendix  C. 

Frank  Wilcher  {Ex.  19-20}  of  the 
Industrial  Safety  Equipment  Association 
(ISEA)  questioned  the  requirement  in 
Appendix  C  that  employees  be  offered  a 
range  of  respirator  facepieces  to  choose 
from,  in  at  least  five  different  sizes,  and 
from  two  manufacturers.  These 
requirements  were  called  "excessive 
and  unnecessarily  inflexible”  since  an 
adequate  fit  can  be  obtained  without 
offering  respirators  from  two  different 
manufacturers.  The  number  of  sizes  and 
models  offered,  the  commenter  declared, 
should  be  a  function  of  the  size  of  the 
workforce. 

OSHA  understands  that  in  a 
particular  workplace  a  limited  selection 
of  respirator  sizes  and  models  could 
possibly  be  made  to  fit  all  those  who 
need  one.  However,  such  occurrences 
cannot  reasonably  be  relied  upon  as  a 
pretext  for  limiting  respirator  selection 
options.  The  increased  numbers  of 
individuals  in  the  workforce,  such  as 
women  and  minorities,  with  facial  types 
and  sizes  that  are  different  from,  say, 
those  of  white  and  black  males  means 
that  a  wide  range  of  facepiece  sizes  is 
needed  to  assure  adequate  fits.  The 
purpose  of  fit  testing  is  to  achieve  the 
best  possible  fitting  respirator  and  this 
is  only  possible  when  an  adequate 
selection  of  models  and  sizes  is 
available.  There  is  no  standardization 
on  sizes  among  respirator 
manufacturers.  Each  manufacturer 
develops  their  own  facepiece  molds  and 
none  correspond  identically.  This  means 
that  one  manufacturer's  medium  size 
facepiece  may  fit  an  individual,  while 
another  manufacturer’s  medium  size 
facepiece  may  not.  Respirators  come  in 
different  sizes,  some  in  three  different 
sizes  (small,  medium,  large)  while  others 
only  come  in  two  sizes  (large,  medium). 
Therefore,  the  cadmium  fit  testing 
protocols  continues  to  require  that  a 
selection  of  at  least  five  facepiece  sizes 
from  two  different  manufacturers  be 
available  to  provide  a  wide  range  of 
possible  facepiece  fits.  This  requirement 
is  the  same  as  the  one  in  Appendix  C, 
paragraph  IJ3.1.  in  the  asbestos  standard 
(29  CFR  1910.1001). 

Mr.  Stephen  Wilson  of  the  Duriron 
Company  (Ex.  19-9)  commented  that  the 
requirements  in  section  (g)  and 
Appendix  C  are  too  detailed,  and  should 
be  part  of  the  respiratory  protection 
standard  (29  CFR  1910.134)  and  included 
in  the  cadmium  standard  only  by 
reference.  OSHA  agrees  that  the  ideal 
place  for  these  detailed  respiratory 


protection  provisions  is  in  the  respirator 
standard.  However,  the  respiratory 
protection  standard  revision  will  not  be 
finalized  until  well  after  this  cadmium 
standard  is  published.  To  achieve  the 
level  of  respiratory  protection 
appropriate  for  cadmium  exposures  it  is 
necessary  to  include  these  provisions  in 
the  cadmium  standard  now. 

Subsequently  it  may  be  possible,  once 
the  respiratory  protection  standard 
revision  is  finalized,  to  remove  these 
detailed  provisions  from  the  cadmium 
standard  and  incorporate  by  reference 
the  respiratory  protection  standard 
provisions. 

Emergency  Situations:  Paragraph  (h). 

The  language  in  this  final  standard 
concerning  emergency  situations  is 
basically  the  same  as  the  language  in 
the  proposal.  It  requires  the  employer  to 
develop  and  implement  a  written  plan 
for  dealing  with  emergencies  involving 
substantial  releases  of  airborne 
cadmium.  The  plan  must  include 
provisions  for  the  use  of  appropriate 
respirators  and  personal  protective 
equipment.  In  addition,  employees  not 
essential  to  correcting  the  emergency 
must  be  restricted  from  the  area,  and 
normal  operations  in  the  area  must  be 
halted  until  the  emergency  is  abated. 
Examples  of  such  emergencies  may 
include  ruptures  of  containers  filled  with 
cadmium  in  dispersible  form  and 
failures  of  control  or  operating 
equipment.  Emergency  plans  are 
necessary  to  direct  employees  to  act  in 
ways  that  maximize  their  personal 
protection  and  minimize  the  hazards  in 
the  event  of  an  emergency.  To  that  end, 
employees  not  engaged  in  correcting  the 
emergency  must  be  prohibited  from  the 
area  and  normal  operations  in  the  area 
halted  until  the  emergency  is  abated. 

Protective  Work  Clothing  and 
Equipment:  Paragraph  (i). 

Protective  clothing  and  foot  coverings 
are  required  to  prevent  contamination  of 
the  employee’s  body  and  the  employee’s 
street  clothing  and  shoes.  Protective 
clothing,  if  provided  and  used  properly, 
helps  to  prevent  cadmium  exposure 
beyond  the  workplace.  By  contrast, 
wearing  contaminated  street  clothing 
outside  the  worksite  would  lengthen  the 
duration  of  the  employee's  exposure  and 
could  cause  cadmium  to  accumulate  in 
employees’  cars  and  homes,  exposing 
other  individuals  to  the  hazard. 

This  final  standard,  with  substantial 
modifications,  adapts  the  requirements 
of  the  proposed  cadmium  standard 
regarding  protective  clothing  and 
equipment.  These  requirements  are 
typical  of  other  OSHA  health  standards 
and  are  based  upon  widely  accepted 


principles  and  conventional  practices  of 
industrial  hygiene. 

The  final  standard  requires  that  the 
employer  provide  protective  clothing 
and  equipment  to  employees  who  are 
exposed  to  cadmium  at  levels  above  the 
PEL  and  to  employees  exposed  at  any 
level  where  skin  or  eye  irritation 
associated  with  cadmium  exposure 
occurs.  This  is  a  minor  change  from  the 
proposal,  which  required  protective 
clothing  to  be  provided  if  "the 
possibility  of  skin  or  eye  irritation  exists 
from  cadmium  exposure  *  *  *."  (55  FR 
4124).  As  the  discussion  in  the  preamble 
to  the  proposed  cadmium  standard  (55 
FR  4112}  makes  clear,  OSHA  did  not 
intend  that  the  mere  “possibility”  of 
associated  skin  or  eye  irritation  should 
trigger  the  obligation  for  the  employer  to 
provide  protective  clothing  and 
equipment  to  employees,  because  that 
possibility  might  exist  in  nearly  all 
workplaces  with  exposure  to  cadmium 
dust.  According  to  the  preamble  in  the 
proposal  it  was  the  occurrence  of  such 
irritation  that  triggered  the  employer’s 
obligation  to  provide  protective  clothing. 
This  final  standard  follows  that 
intention. 

In  addition,  the  language  in  paragraph 
(i)(l)  of  the  final  standard  clarifies 
OSHA’s  ongoing  understanding  that 
appropriate  protective  work  clothing 
and  equipment  must  prevent 
contamination  of  the  employee  and  the 
employee’s  garments.  If  they  did  not, 
they  would  not  be  “protective”. 

Personal  protective  clothing  and 
equipment  includes,  but  is  not  limited  to, 
coveralls,  shoe  covers,  head  coverings, 
and  goggles.  Clean  protective  clothing 
and  equipment  are  to  be  provided  by  the 
employer  at  least  weekly,  but  OSHA 
recommends  that  they  be  provided  daily 
to  assure  their  effectiveness.  Protective 
clothing  and  equipment  is  to  be 
provided  to  each  affected  employee  at 
no  cost  to  the  employee.  This  is 
consistent  with  similar  requirements  in 
the  lead  and  arsenic  standards,  29  CFR, 
1910.1025  (g)(2),  and  1910.1018(j)(2), 
respectively.  Removal  of  cadmium  from 
protective  clothing  by  blowing,  shaking 
or  any  other  means  that  disperse 
cadmium  into  the  air  is  prohibited. 

The  standard  also  requires  that  the 
employer  be  responsible  for  cleaning, 
laundering  and  disposing  of  the  required 
protective  clothing  and  equipment,  to 
eliminate  any  potential  exposure  that 
might  result  if  the  clothing  and 
equipment  were  laundered  or  cleaned 
by  the  employee  at  home.  Like  the 
proposal  (55  FR  4124),  the  final  standard 
requires  that  protective  clothing  and 
equipment  be  cleaned,  maintained,  and 
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replaced  as  needed  in  order  to  assure  its 
effectiveness. 

The  standard  provides  that  the 
employer  shall  assure  that  all  protective 
clothing  is  removed  at  the  end  of  each 
work  shift  and  only  in  change  rooms. 

The  contaminated  clothing  and 
equipment  that  is  to  be  laundered, 
cleaned,  or  disposed  of  is  required  to  be 
stored  in  a  closed  container  prior  to 
laundering  or  disposal  so  that 
contamination  of  the  change  room  is 
minimized  and  exposure  of  employees 
who  later  handle  the  clothing  also  is 
minimized.  These  employees  are  further 
protected  by  the  requirement  that  they 
be  informed  of  the  potentially  harmful 
effects  of  cadmium  exposure  and  that 
warning  labels  be  placed  on  the  bags  or 
containers.  Since  these  containers  are  to 
be  located  in  the  change  room,  it  is 
appropriate  to  limit  workers’  removal  of 
their  contaminated  clothing  to  that  area. 

The  standard  obligates  the  employer 
to  provide  personal  protective  clothing 
at  no  cost  to  the  employee.  Since  the 
employer  is  responsible  for  reducing 
exposures  below  the  permissible 
exposure  limit,  the  obligation  to  provide 
personal  protective  equipment  properly 
rests  on  the  employer.  The  employer 
also  is  in  the  best  position  to  provide  the 
correct  type  of  clothing  and  keep  it  in 
the  condition  necessary  to  perform  its 
protective  functions. 

Hygiene  Facilities  and  Practices: 
Paragraph  (j) 

This  final  standard,  like  the  proposal, 
requires  employers  to  provide  hygiene 
and  lunchroom  facilities  for  employees 
exposed  to  cadmium  at  levels  above  the 
PEL  and  to  assure  employee  compliance 
with  basic  hygiene  practices  to  minimize 
additional  sources  of  exposure  to 
cadmium  that  may  accumulate  on  a 
worker’s  clothes  or  body.  The  final 
standard  makes  it  clearer  that  all  of 
these  facilities  must  comply  with  the 
requirements  of  29  CFR  1910.141.  For  all 
employees  who  are  exposed  above  the 
PEL,  the  employer  must  provide 
adequate  shower  and  washing  facilities, 
clean  rooms  for  changing  clothes,  and 
lunchroom  facilities.  In  addition, 
employers  must  assure  that  employees 
use  the  facilities  as  required  by  the 
standard.  Employers  aiso  must  assure 
that  employees  exposed  above  the  PEL 
must  observe  prohibitions  on  the 
availability  and  use  of  cosmetics, 
tobacco  and  chewing  products,  and  food 
and  beverages  in  regulated  areas  under 
paragraph  (e).  OSHA  expects  that  strict 
compliance  with  these  provisions  will 
virtually  eliminate  several  sources  of 
cadmium  exposure  that  substantially 
contribute  to  overall  exposure  levels. 


Several  of  these  facilities  and 
practices  are  presently  required  under 
current  OSHA  standards  for  General 
Environmental  Controls  in  subpart  J  of 
29  CFR  part  1910.  For  example, 

§  1910.141(e)  states  that  if  a  standard 
requires  employees  to  wear  protective 
clothing,  then  the  employer  must  provide 
change  rooms  with  separate  storage 
facilities  for  street  and  work  clothing.  In 
addition,  §  1910.141(g)  requires  the 
employer  to  prohibit  the  consumption  of 
food  and  beverages  in  areas  where  there 
is  exposure  to  toxic  substances.  The 
hygiene  provisions  of  paragraph  (j)  of 
this  standard  augment  the  requirements 
of  29  CFR  1910.141  with  additional 
requirements  that  are  specifically 
applicable  to  cadmium  exposure  and 
consolidate  all  related  provisions. 

OSHA  believes  it  is  essential  for 
employees  to  have  separate  locker  and 
storage  facilities  for  street  and  work 
clothing  to  prevent  cross-contamination 
of  their  street  clothes.  This  provision 
will  minimize  employee  exposure  to 
cadmium  after  the  work  shift  ends, 
because  it  reduces  the  period  during 
which  employees  may  be  exposed  to 
cadmium-contaminated  work  clothes. 

Showering  also  reduces  the  worker's 
period  of  exposure  to  cadmium  by 
removing  cadmium  which  may 
accumulate  on  the  skin  and  hair. 
Requiring  employees  to  change  out  of 
work  clothes,  which  are  then  segregated 
from  their  street  clothes,  to  shower 
before  leaving  the  plant,  and  to  leave 
work  clothing  at  the  workplace 
significantly  reduces  the  movement  of 
cadmium  from  the  workplace.  These 
steps  assure  that  the  duration  of 
cadmium  exposure  does  not  extend 
beyond  the  workshift  and  provide  added 
protection  to  employees  and  their 
families. 

The  final  standard  also  requires 
employers  to  provide  employees  whose 
airborne  exposure  to  cadmium  is  above 
the  PEL  with  readily  accessible 
lunchroom  facilities  in  which  tables 
maintained  for  eating  are  free  of 
cadmium  and  no  employee  is  exposed  at 
any  time  to  a  concentration  of  cadmium 
at  or  above  2.5  p.g/m3.  This  is  the  main 
change  from  the  proposed  provisions 
regarding  hygiene  facilities,  which 
required  employers  to  provide 
lunchrooms  with  a  positive  pressure  and 
a  tempered  and  filtered  air  supply.  By 
contrast,  the  final  standard  is  written  in 
performance  language.  It  is  OSHA’s 
intention,  of  course,  that  employees  are 
not  to  be  exposed  to  uncomfortable 
temperatures. 

OSHA  makes  this  change  to  provide 
more  flexibility  to  employers  while  still 
assuring  adequate  protection  to 


employees.  Although  the  employer  may, 
in  any  event,  often  have  to  provide  the 
type  of  lunchroom  specified  in  the 
proposal  in  order  to  comply  with  the 
performance  requirement  of  the  final 
cadmium  standard,  OSHA  recognizes 
that  there  may  be  many  instances  where 
employers  can  comply  without  having  to 
do  so.  OSHA  agrees  with  the  industry 
commenter  who  said  that  “where  the 
lunchroom  is  not  adjacent  to  cadmium- 
contaminated  areas”  and  there  is  no 
cross  contamination  of  the  lunchroom,  a 
positive  pressure,  filtered  air  supply  is 
unnecessary  (Ex.  19-22).  OSHA 
therefore  sees  no  reason  to  require  the 
provision  of  such  lunch  rooms  where 
they  are  not  needed. 

OSHA  believes  that  the  requirements 
for  lunchroom  facilities  in  this  final 
standard  are  at  least  as  protective  as  the 
proposed  requirements.  For  example, 
the  final  standard,  unlike  the  cadmium 
proposal,  requires  that  tables  in  the 
lunchroom  facility  must  be  maintained 
free  of  cadmium  and  that  no  employee 
there  may  be  exposed  to  a  concentration 
of  cadmium  at  any  time  at  or  above  2.5 
pg/m3.  The  2.5  pg/m3  limit  is  not  an  8 
hour  TWA  PEL  but  is  an  absolute 
prohibition  of  levels  that  high  or  higher 
at  any  time. 

OSHA  feels  it  is  imperative  that 
employees  have  a  clean  place  to  eat  to 
minimize  the  possibility  of  cadmium 
contaminated  food  and  to  reduce  the 
likelihood  of  additional  exposure  to 
loose  cadmium  dust  through  inhalation 
or  ingestion.  Since  OSHA  believes  that 
employers  have  several  equally 
protective  options  to  achieve  these 
goals,  the  standard  has  not  set  specific 
requirements. 

Employers  must  also  assure  that 
employees  who  work  in  regulated  areas 
wash  their  hands  and  face  prior  to 
eating  or  smoking  and  that  employees 
not  enter  the  lunchroom  wearing 
protective  clothing  unless  it  is  properly 
cleaned  beforehand.  Employers  are 
given  discretion  to  choose  any  method 
for  removing  surface  cadmium  from  the 
clothing  that  does  not  disperse  the  dust 
into  the  air.  These  requirements  are 
basically  the  same  as  those  in  other 
OSHA  standards  (e.g.,  paragraph  (i)(4) 
of  the  lead  standard,  29  CFR  1910.1025). 

Housekeeping:  Paragraph  (k) 

Like  other  OSHA  health  standards 
dealing  with  toxic  dusts  (Asbestos,  29 
CFR  1910.1001),  the  cadmium  standard 
imposes  the  general  housekeeping 
requirement  to  maintain  all  surfaces  as 
free  as  is  practicable  of  accumulations 
of  cadmium.  In  the  final  standard  the 
strong  preference  for  vacuuming  (or 
equally  effective  and  protective  methods 
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of  cleaning)  that  is  incorporated  in  the 
proposal  is  made  more  explicit.  The 
standard  requires  that,  where  possible, 
surfaces  contaminated  with  cadmium  be 
cleaned  by  vacuuming  or  other  methods 
that  minimize  the  likelihood  of  cadmium 
becoming  airborne.  The  standard  allows 
shoveling,  dry  or  wet  sweeping,  and 
brushing  only  if  the  employer  shows  that 
vacuuming  or  other  methods  that  are 
usually  as  efficient  as  vacuuming  are  not 
effective  under  the  particular 
circumstances.  It  also  requires  that 
vacuuming  be  done  with  cleaners 
equipped  with  HEPA  filters  to  prevent 
the  dispersal  of  cadmium  into  the 
workplace.  The  standard  differs  from 
the  proposal  (55  FR  4124)  in  that  it 
allows  the  use  of  compressed  air  for 
cleaning  when  the  compressed  air  is 
used  in  conjunction  with  a  ventilation 
system  designed  to  capture  the  dust 
cloud  created  by  the  compressed  air.  In 
addition,  items  contaminated  with 
cadmium  and  consigned  for  disposal  are 
to  be  collected  and  disposed  of  in  sealed 
impermeable  bags  or  other  closed 
impermeable  containers. 

These  housekeeping  provisions  are 
exceptionally  important  because  they 
minimize  additional  sources  of  exposure 
that  engineering  controls  generally  are 
not  designed  to  control.  Good 
housekeeping  is  a  cost  effective  way  to 
control  employee  exposure  levels  by 
removing  from  the  worksite  cadmium 
dust  that  can  become  entrained  by 
physical  disturbances  or  air  currents 
and  carried  into  employee  breathing 
zones. 

Medical  Surveillance:  Paragraph  (1) 

(1)  General.  The  medical  surveillance 
provisions  of  this  final  standard  were 
developed  from  the  proposal  in  light  of 
the  entire  record.  More  specifically 
these  provisions  are  derived  in  no  small 
part  from  the  proposal  and  the 
responses  to  it,  as  further  articulated  in 
a  July  2, 1990,  memorandum  sent  by 
OSHA  to  all  the  hearing  participants 
(Ex.  46).  That  memorandum  summarized 
the  comments  and  testimony  in  the 
rulemaking  to  date,  indicated  OSHA’s 
then  current  thinking,  and  requested 
further  information,  comment,  and 
testimony  at  the  upcoming  hearing  in 
Denver.  The  response  to  that 
memorandum,  which  was  substantial 
(e.g.,  cites),  has  also  shaped  the  medical 
surveillance  program  in  the  final 
standard. 

The  medical  surveillance  provisions 
of  paragraph  (1)  generally  are  aimed  at 
accomplishing  three  main  interrelated 
purposes:  First,  identifying  employees  at 
higher  risk  of  adverse  health  effects 
from  excess,  chronic  exposure  to 
cadmium;  second,  preventing  cadmium- 


induced  disease;  and  third,  detecting 
and  minimizing  existing  cadmium- 
induced  disease.  The  core  of  medical 
surveillance  in  this  standard  is  the  early 
and  periodic  monitoring  of  the 
employee's  biological  indicators  of:  (a) 
Recent  exposure  to  cadmium;  (b) 
cadmium  body  burden;  and  (c)  potential 
and  actual  kidney  damage  associated 
with  exposure  to  cadmium. 

It  is  not  yet  known  how  to  biologically 
monitor  human  beings  to  specifically 
prevent  cadmium-induced  lung  cancer 
or  certain  other  cadmium-induced  lung 
diseases.  By  contrast,  the  kidney  can  be 
monitored  to  provide  prevention  and 
early  detection  of  cadmium-induced 
kidney  damage.  Since,  for  non- 
carcinogenic  effects,  the  kidney  is 
considered  the  primary  target  organ  of 
chronic  exposure  to  cadmium,  the 
medical  surveillance  provisions  of  this 
standard  effectively  focus  on  cadmium- 
induced  kidney  disease.  Within  that 
focus,  the  aim,  where  possible,  is  to 
prevent  the  onset  of  such  disease  and. 
where  necessary,  to  minimize  such 
disease  as  may  already  exist  The  by¬ 
products  of  successful  prevention  of 
kidney  disease  are  anticipated  to  be  the 
reduction  and  prevention  of  other 
cadmium-induced  diseases. 

More  specifically,  for  veteran 
workers,  the  aim  of  these  medical 
surveillance  provisions  is  to  promptly 
identify  employees  with  excessive, 
cumulative  exposure  to  cadmium, 
especially  those  who  were  excessively 
exposed  to  cadmium  before  this 
standard  takes  effect.  Once  these 
employees  are  identified,  the  aim  is  to 
monitor  them,  ideally  to  prevent 
cadmium-induced  kidney  disease,  or  at 
least  to  minimize  it.  For  cadmium 
exposed  workers  who  have  not  yet  been 
excessively  exposed  to  cadmium,  the 
aim  is  to  identify  those  at  higher  risk 
and  to  prevent  excess  exposure  and 
resulting  disease. 

In  order  to  assure  that  biological 
monitoring  results  are  accurate  and 
reliable,  an  issue  raised  during  the 
rulemaking  (Ex.  19-29),  OSHA  in 
paragraph  (l)(l)(iv)  of  this  standard 
requires  that  the  employer  make  sure 
that  collecting  and  handling  of  biological 
samples  is  done  in  a  manner  that 
assures  reliability  and  that  analyses  are 
performed  in  laboratories  proficient  in 
the  particular  analyte.  OSHA  has 
developed  a  non-mandatory  protocol  to 
guide  employees  and  laboratories  in 
these  regards  (See  appendix  F).  An 
employer  who  follows  this  protocol  will 
be  in  compliance  with  the  performance 
requirements  in  paragraph  (l)(l)(iv)  of 
the  standard.  However,  the  employer  is 
free  to  follow  other  procedures  so  long 


as  they  provide  at  least  the  same  degree 
of  accuracy  and  reliability. 

As  discussed  below  in  connection 
with  the  medical  surveillance  program, 
the  lowest  biological  triggers 
incorporated  in  this  standard  are  above 
existing  levels  of  detection  and  are 
distinguishable  from  lower  levels  that 
for  purposes  of  this  standard  are  treated 
as  "normal”  levels  of  these  biological 
parameters  in  the  general  population. 

In  addition,  the  degree  of  accuracy 
and  reliability  described  in  appendix  F 
for  biological  monitoring  required  by 
this  standard  is  achievable  with 
currently  available  equipment.  As  a 
result,  OSHA  feels  comfortable  with 
triggering  enhanced  medical 
surveillance  and  other  actions  from  such 
biological  monitoring  results.  To  assure 
the  necessary  quality  of  results,  OSHA 
recommends  that  laboratories  that 
analyze  levels  of  cadmium  in  urine 
(CdU).  cadmium  in  blood  (CdB).  and 
Beta-2  microglobulin  in  urine  (/32-M) 
should  demonstrate  their  proficiency  in 
certain,  specified  ways. 

The  scope  of  medical  surveillance  in 
this  standard  is  designed  to  accomplish 
the  purposes  set  out  above.  OSHA  in  its 
proposed  cadmium  rule  originally  sought 
to  include  in  medical  surveillance  all 
workers  who  are,  or  may  in  the  future  be 
exposed  to  airborne  levels  of  cadmium 
at  or  above  the  action  level  or  the 
excursion  limit  (55  FR  4124).  The 
excursion  limit  has  since  been  deleted, 
as  discussed  above.  However,  in  the 
proposal,  the  use  of  the  action  level  of 
2.5  pg/ms  alone  was  both  too  broad  and 
too  narrow.  On  the  one  hand,  including 
all  workers  who  are  or  will  be 
occupationally  exposed  to  airborne 
levels  of  cadmium  at  or  above  the  action 
level  would  allocate  scarce  resources  to 
monitoring  many  workers  who  may  not 
be  at  significant  risk  of  disease,  because 
by  the  nature  of  their  work  their 
cadmium  exposures  are  only 
intermittent  and  at  very  low  levels  (Exs. 
8-732;  12-10-G;  148;  120).  On  the  other 
hand,  limiting  coverage  only  to  workers 
who  may  be  currently  exposed  to 
cadmium  mistakenly  ignores  the 
possibility  of  excess  risk  of  cadmium- 
related  illness  among  workers  who  were 
previously  exposed  but  no  longer  are 
(Ex.  19-2).  In  the  case  of  workers  whose 
previous  exposure  occurred  before  the 
effective  date  of  this  standard,  the  levels 
of  cadmium  to  which  many  workers 
were  exposed  probably  were 
considerably  higher  than  the  new  PEL. 
As  a  result,  these  previously  exposed 
workers  may  have  higher  body  burdens 
of  cadmium  and  may  be  in  particular 
need  of  medical  surveillance.  Kidney 
dysfunction  arising  from  chronic,  excess 
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exposure  to  cadmium,  for  example, 
occurs  among  workers  with  a  certain 
minimum  accumulation  of  cadmium  in 
their  kidneys  .(Ex.  144-3-C;  Section  VI — 
Quantitative  Risk  Assessment; 

Summary  erf  Kidney  Dysfunction). 

Consequently,  in  response  to 
comments  (Exs.  19-18;  101)  the  scope  of 
medical  coverage  in  paragraph  (l)(l)(i) 
of  the  final  cadmium  standard  is  defined 
both  more  narrowly  and  more  broadly 
than  in  the  proposal.  Not  every  worker 
who  is  or  will  be  exposed  to  cadmium  at 
or  above  the  action  level  at  work  is 
covered.  Instead,  a  certain  threshold  of 
exposure  to  cadmium  is  required  to 
trigger  medical  surveillance.  An 
employee  will  be  covered  by  medical 
surveillance  if  the  employee  is  or  may 
be  exposed  at  or  above  the  action  level 
of  2.5  pg/m3  on  30  or  more  days  per 
year.  This  is  in  line  with  testimony  in 
the  record  (Tr.  7/19/92,  pp.  14-17)  and 
with  previous  OSHA  health  standards. 

In  those  standards  medical  surveillance 
for  currently  exposed  employees 
frequently  is  triggered  by  exposure  at  or 
above  the  action  level,  which  typically 
is  set  at  half  the  PEL,  on  30  or  more  days 
per  year  (Benzene,  29  CFR  1910.1018 
(a)(1)(A):  Lead,  29  CFR  191Q.1025(j)(l)). 

In  addition,  certain  workers  who  no 
longer  are  exposed  to  cadmium  but  who 
were  previously  exposed  by  the  current 
employer  also  will  be  included  in 
medical  surveillance  under  this 
standard.  They  will  be  included  if  prior 
to  the  effective  date  of  this  standard 
they  might  previously  have  been 
occupationally  exposed  at  or  above  the 
action  level  to  cadmium  by  the  current 
employer  unless  they  did  not  in  those 
years  work  in  those  jobs  for  an 
aggregated  total  of  more  than  60  months. 
Although  OSHA  is  not  requiring 
employers  to  provide  medical 
surveillance  to  workers  previously 
exposed  for  less  than  60  months,  OSHA 
recommends  that  employers  provide  the 
same  medical  surveillance  to  all 
workers  who  worked  for  the  current 
employer  in  cadmium  exposed  jobs  for  a 
total  of  12  months  or  more  prior  to  the 
effective  date  of  this  standard  (See 
Benzene;  29  CFR  1910.1028  (i)(l)). 

With  regard  to  these  veteran  workers, 
because  cadmium  is  retained  for  so 
many  years  in  the  body  and  because  it 
is  a  cumulative  toxin  that  can  cause 
chronic  disease,  workers  who  were 
excessively  exposed  to  cadmium  before 
this  new  standard  took  effect  must  also 
be  medically  monitored,  at  least  for  a 
time,  even  if  they  no  longer  are  currently 
exposed  or  cease  to  be  exposed. 
Employees  who  were  not  exposed 
before  the  effective  date  of  this  standard 
and  new  employees  who  begin  cadmium 


exposed  work  under  the  new  PEL  are 
not  likely  to  be  exposed  to  such  high 
cumulative  levels.  Under  the  new  PEL, 
workers  are  not  likely  to  be  exposed 
above  the  critical  air  concentration  for 
susceptible  populations  of  225  pg/m3- 
years  because  the  PEL  is  sufficiently  low 
(Friberg  et  al,  ref.  in  Ex.  4-27). 

Veteran  workers,  however,  may  have 
exceeded  this  dose.  In  the  past,  many 
highly  exposed  workers  were  exposed 
to  cadmium  concentrations  ranging 
between  40-50  pg/m3.  Five  years  of 
exposure  to  these  levels  would  result  in 
a  cumulative  cadmium  -dose  ranging 
from  200-250  pg/m3-years.Thus,  in 
order  to  protect  susceptible  populations 
from  kidney  dysfunction,  OSHA  chose 
60  months  (5  yeare)  as  the  past  total 
months  of  exposure  to  trigger  medical 
surveillance  for  veteran  workers.  This 
provision  of  the  standard  is  consistent 
with  OSHA’s  approach  in  the  benzene 
and  arsenic  standards.  (See  die  benzene 
standard  29  CFR  1910.1028  under 
paragraph  (i)(l)(i).)  In  the  benzene 
standard,  veteran  workers  were  covered 
by  the  medical  surveillance  provisions  if 
they  had  past  exposure  to  10  ppm  for 
one  month.  One  month  of  exposure  to  10 
ppm  is  equivalent  to  a  cumulative  dose 
of  0.83  ppm-years  of  benzene  prior  to  the 
promulgation  of  the  new  benzene 
standard  (Le.,  10  ppmxl/l2=0,83  ppm- 
years).  Since  the  new  benzene  standard 
allows  workers  to  be  exposed  annually 
to  1  ppm-years  of  benzene,  0.83  ppm- 
years  represents  about  80%  of  the 
annual  allowed  cumulative'dose. 

In  the  final  cadmium  standard, 
veteran  workers  would  not  be  eligible 
for  medical  surveillance  unless  they 
have  been  exposed  in  the  past  to 
cadmium  for  five  years.  If  veterans  were 
exposed,  for  example  for  five  years  at  or 
above  the  action  level,  they  would  have 
been  exposed  to  more  than  12.5  pg/m3- 
years  (action  level  of  2.5  pg/m3X5 
years).  This  cumulative  dose  would 
constitute  approximately  250%  of  the 
annual  cumulative  cadmium  dose  under 
the  new  PEL  and  proportionately  is  only 
about  three  times  more  than  allowed  in 
the  benzene  standard  in  order  for 
veteran  workers  to  qualify  for  medical 
surveillance. 

In  the  arsenic  standard,  veteran 
workers  were  also  included  in  medical 
surveillance.  Under  paragraph 
(n)(l)(i)(B)  of  the  arsenic  standard  (29 
CFR  1910.1018)  all  employees  exposed 
above  the  action  level  few  30  or  more 
days  per  year  fora  total  of  10  years  or 
more  were  covered  by  medical 
surveillance.  Thus,  OSHA  considers  the 
inclusion  of  medical  surveillance  for 
veteran  workers,  who  have  been 
exposed  to  cadmium  for  five  years  prior 


to  the  promulgation  the  new  cadmium 
standard  a  reasonable  basis  to  qualify 
them  for  medical  surveillance. 

Dr.  Friberg  stated  in  his  written 
testimony  (Ex.  29)  that  there  are  several 
reports  of  a  high  prevalence  of  kidney 
dysfunction  observed  after  an  exposure 
that  would  correspond  to  45  years  of 
exposure  to  10  to  20  pg/m3: 

*  '  *  we  should  make  dear  that  to  equate 
such  exposure  with  a  safe  threshold  is  to  me 
a  serious  and  irresponsible  mistake  *  *  *  a 
considerable  prevalence  of  kidney 
dysfunction  can  be  expected  when  below 
such  concentrations  *  *  *  (Tr.  6/6/90,  p.  76) 

The  burden  is  on  the  employer  to 
demonstrate  that  an  employee 
previously  or  currently  exposed  to 
cadmium  does  not  exceed  any  of  the 
triggers  in  paragraph  (l)(l)(i)  of  this 
standard  and  therefore  need  not  be 
provided  medical  surveillance.  OSHA 
believes  the  employer  is  in  the  best 
position  to  carry  this  burden.  The 
employer  has  strong  economic 
incentives  to  assure  that  medical 
surveillance  is  not  provided  to  any 
employee  who  does  not  qualify  for  it. 

The  employer  also  is  best  able  to  gathei 
develop,  correlate  and  maintain  the 
exposure  data  needed  to  assess  an 
employee's  current  exposure  and 
exposure  history. 

However,  OSHA  recognizes  that  it 
may  be  difficult  at  times  for  employers 
to  sustain  the  burden  of  proof  concering 
employees  who  were  exposed  before  the 
effective  date  of  this  standard. 
Nonetheless,  where  the  extent  of  the 
employee’s  cumulative  exposure  is 
unclear,  die  Agency  chooses  to  err  on 
the  side  of  protecting  workers.  Thus,  if 
the  employer  is  uncertain  whether  a 
particular  employee  has  in  fact  been 
previously  exposed  at  or  above  the 
action  level  for  more  than  60  months, 
and  especially  where  the  employer  may 
have  some  reason  to  believe  the 
employee  may  have  been  so  exposed,  it 
is  OSHA's  intention  that  the  employer 
resolve  doubts  in  favor  of  worker 
protection  and  to  provide  at  least  some 
medical  surveillance  for  that  employee. 
As  a  result,  for  example,  OSHA  intends 
that  workers  who  were  exposed  for 
indeterminate,  substantial  periods  prior 
to  the  effective  date  of  this  standard, 
and  who  were  not  regularly  monitored, 
or  for  whom  exposure  records  were  not 
kept,  be  initially  screened  to  detect 
potential  or  actual  kidney  disease  or 
other  cadmium-related  illness. 
Thereafter,  if  medical  surveillance 
carried  out  over  approximately  one  year 
shows  no  indications  of  cadmium 
related  disease  or  of  increased  risk  of 
such  disease,  periodic  medical 
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surveillance  for  these  veteran  workers 
can  be  expeditiously  terminated. 

Paragraph  (l)(l)(ii)  of  this  standard 
requires  that  the  employer  provide  the 
examination  specified  in  paragraph  (1)(6) 
to  workers  who  are  required  to  wear  a 
respirator  because  their  job  exposes 
them  to  cadmium  levels  above  the  PEL. 
The  purpose  of  the  examination  is  to 
determine  the  employee's  capacity  to 
wear  a  respirator.  This  requirement, 
which  is  typical  of  other  OSHA  health 
standards,  (e.g.,  Lead,  29  CFR  1910.1025: 
Benzene,  29  CFR  1910.1028: 
Formaldehyde,  29  CFR  1910.1048;  and 
Asbestos  Final  Standards,  29  CFR 
1910.1001)  is  to  assure  the  identification 
of  employees  with  medical  conditions 
that  make  wearing  a  respirator  a  health 
risk. 

Paragraph  (l)(l)(iii)  provides  that  all 
medical  examinations  and  procedures 
required  by  this  standard  be  performed 
by  or  under  the  supervision  of  a  licensed 
physician  and  without  cost  to  the 
employee.  The  licensed  physician  is 
required  to  read  and  be  familiar  with  the 
health  effects  section  of  appendix  A.  the 
regulatory  text  of  this  section,  the 
protocol  in  appendix  F,  and  the 
questionnaire  of  appendix  D.  Although, 
a  licensed  physician  is  the  appropriate 
person  to  supervise  and  evaluate  a 
medical  examination,  certain  required 
elements  of  the  exam  need  not  be 
performed  directly  by  a  physician  and 
may  be  performed  by  another, 
appropriately  qualified  person  under 
supervision  of  the  physician. 

OSHA  received  comments  saying  that 
medical  examinations  should  be 
performed  under  physician  supervision 
(Tr.  7/18/90,  p.  160).  The  choice  of  the 
physician,  and  the  physician's  training, 
are  extremely  important  factors  in  the 
medical  evaluation  of  workers'  health 
(Friberg,  Tr.  6/6/90).  For  physicians  who 
do  not  have  a  thorough  knowledge  of 
cadmium  toxicology,  preventing  and 
treating  cadmium  induced  disease  can 
be  very  difficult  (Ex.  29).  Therefore, 
OSHA  has  provided  documentation  in 
the  appendices  to  familiarize  physicians 
and  other  medical  personnel  with  the 
toxic  effects  of  cadmium. 

The  standard  also  requires  that  all 
examinations  and  procedures  be 
performed  at  a  reasonable  time  and 
place.  It  is  necessary  that  examinations 
and  procedures  be  performed  at  a  place 
convenient  to  the  employee,  during  the 
workday,  and  without  loss  of  pay,  in 
order  to  maximize  the  likelihood  that 
employees  will  participate.  This 
provision  is  consistent  with  other  OSHA 
health  standards  (e.g..  Asbestos.  29  CFR 
1910.1001;  Arsenic.  29  CFR  1910.1018). 

As  mentioned  above,  paragraph 

(l)(l)(iv)  requires  that  specimens  for 


biological  monitoring  be  collected  and 
handled  appropriately,  and  that 
laboratories  be  proficient,  as  specified 
in  appendix  F. 

Paragraph  (l)(2)(i)  requires  the 
employer  to  provide  an  initial  or 
preplacement  medical  examination  to 
all  employees  covered  by  medical 
surveillance  within  30  days  after  initial 
assignment  to  a  job  with  exposure  to 
cadmium  or  no  later  than  90  days  after 
this  standard  goes  into  effect,  whichever 
comes  last.  The  purpose  of  the  initial 
medical  examination  is  to: 

(1)  Establish  the  current  health  status 
of  the  employee  and  to  determine 
whether  it  is  appropriate  to  assign  the 
employee  to  jobs  with  cadmium 
exposure; 

(2)  Initially  determine  what  level  of 
medical  surveillance  the  employer  must 
provide  to  the  particular  employee:  and 

(3)  Establish  essential  baseline  data 
for  each  employee  as  a  criterion  for 
assessing  subsequent  changes  in  health 
status  attributable  to  cadmium 
exposure. 

The  initial  medical  examination 
includes  biological  monitoring  and  a 
detailed  medical  and  work  history,  with 
emphasis  on  past  exposure  to  cadmium, 
history  of  organ  system  dysfunction 
relevant  to  cadmium  exposure,  and 
smoking  history  and  status.  OSHA  has 
decided  to  rely  on  biological  monitoring 
as  the  primary  screening  device  for 
identifying  employees  at  elevated  risk  of 
cadmium  related  illness.  OSHA  believes 
that  biological  monitoring  results 
showing  lev»ls  of  cadmium  in  urine 
(CdU),  Beta-2  microglobulin  in  urine  [02- 
M),  and  cadmium  in  blood  (CdB),  when 
used  together,  are  the  best  indicators  of 
cadmium  exposure  and  of  the  risk  of 
cadmium  related  illness  (Dr.  Friberg.  Tr. 
6/6/90,  pp.  108-109). 

OSHA  has  chosen  to  rely  on  these 
three  biological  parameters  as  the  main 
medical  screening  device  because  they 
are  the  best  indicators  of  present 
exposure,  past  exposure,  and  cadmium 
related  kidney  dysfunction.  Generally, 
monitoring  CdU  levels  is  useful  and 
needed  to  determine  past  exposure  to 
cadmium  and  body  burden  of  cadmium 
among  workers  without  kidney  disease. 
However,  monitoring  CdU  levels  is  no 
longer  reliable  after  the  onset  of  disease 
because  the  kidney  spills  a  large  amount 
of  cadmium.  Then  for  a  time  no 
cadmium  appears  in  the  urine  even 
though  the  kidney  is  damaged  and  the 
cadmium  burden  in  the  kidney  cortex  is 
continuing  to  increase  (Friberg.  Ex.  144- 
3-C). 

Monitoring  levels  of  CdB  is  generally 
useful  as  an  indicator  of  recent  exposure 
to  cadmium.  Elevated  levels  of  #2-M  are 


indicative  of  the  presence  or  absence  of 
an  early  stage  kidney  disease. 

In  choosing  to  rely  primarily  on 
biological  monitoring  for  medical 
screening.  OSHA  has  dropped  the 
proposed  requirement  that  a  full  medical 
examination  be  included  as  part  of  the 
initial  medical  examination,  as  provided 
in  paragraph  (1)(2)  of  the  proposal  (55  FR 
4124).  The  Agency  believes  requiring 
biological  monitoring  of  the  indicators 
for  cadmium  exposure,  cadmium  body 
burden  and  cadmium  induced  kidney 
disease  eliminates  the  need  for  a  full 
medical  examination  as  a  screening  tool. 
The  biological  indicators  will  be 
sufficient  to  establish  the  employee’s 
baseline  health  status  for  all  employees 
covered  by  medical  surveillance.  Given 
the  adequacy  of  biological  monitoring 
and  the  limited  resources  and  the  high 
cost  of  full  medical  examinations,  the 
Agency  believes  that  in  the  initial  phase 
of  medical  surveillance,  full  medical 
examinations  should  only  be  required 
for  employees  whose  biological 
monitoring  results  are  abnormal  as 
specified  in  paragraphs  (l)(3)(i)— (iv). 

Paragraph  (l)(2)(iii)  provides  that  an 
initial  examination  is  not  required  if 
adequate  records  show  that  an 
employee  has  been  examined  in 
accordance  with  the  requirements  of 
paragraph  (l)(2)(ii)  within  the  past  12 
months.  This  reflects  a  change  from  the 
proposal  (55  FR  4124)  in  which  no  recent 
examination  could  be  used  instead  of  an 
initial  examination.  This  provision  was 
included  because  OSHA  believes  that 
requiring  an  initial  examination  so  soon 
after  an  adequate  prior  examination  is 
medically  unnecessary  and  would  waste 
scarce  resources. 

Paragraph  (1)(3)  specifies  the  main 
elements  of  the  medical  surveillance 
program  the  employer  must  provide  to 
eligible  employees.  This  program  is 
basically  incorporated  in  paragraph 
(1)(4),  concerning  periodic  medical 
surveillance.  The  program,  at  first  sight, 
may  appear  to  be  quite  complex,  but  it  is 
based  upon  a  few  simple,  fundamental 
principles. 

At  least  a  minimum  of  medical 
surveillance  must  be  provided  to  all 
workers  covered  under  paragraph 
(l)(l)(i)  of  this  standard.  In  addition, 
enhanced  medical  surveillance  is 
required  for  workers  whose  initial 
biological  monitoring  results  are 
abnormally  high.  At  the  outset,  the 
frequency  and  scope  of  medical 
surveillance  depends  directly  upon  the 
level  of  initial  biological  monitoring 
results.  Thereafter,  it  depends  upon  the 
results  of  any  subsequent  biological 
monitoring  and  medical  examinations. 
These  results,  if  abnormal,  may  increase 
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the  required  frequency  and  scope  of 
medical  surveillance  or,  if  within  the 
"normal"  range,  may  set  the  frequency 
and  scope  at  minimum  levels. 

In  the  medical  surveillance  program 
required  by  paragraph  (11  <rf  this 
standard,  an  initial  distinction  is  drawn 
between  workers  who  are,  or  may  be 
currently  exposed  by  the  employer  on  30 
or  more  days  per  year  and  workers  who 
have  been  exposed  by  the  employer 
prior  to  this  standard  for  60  months.  For 
workers  who  have,  or  may  have  been 
exoessively  exposed  prior  to  the 
effective  date  of  this  standard,  the 
purpose  of  medical  surveillance  is 
twofold:  First,  to  promptly  identify  those 
among  them  who  have  abnormal 
monitoring  results,  for  whom  further 
medical  surveillance  is  required;  and 
second  to  identify  those  among  them 
who  have  biological  monitoring  results 
that  are  consistently  within  the 
“normal”  range.  Generally,  employees  in 
the  latter  group  are  not  considered  to  be 
at  excess  risk  of  cadmium  induced 
disease  and,  therefore,  do  not  need 
further  periodic  medical  surveillance. 
Thus,  for  workers  in  medical 
surveillance  exclusively  because  of  past 
exposure  to  cadmium,  the  results  of 
initial  and  follow-up  biological 
monitoring  determine  not  only  the 
frequency  and  scope  of  die  ensuing 
medical  surveillance  but  also  whether 
the  worker  will  continue  to  be  provided 
with  periodic  medical  surveillance  at  ail. 

Concerning  currently  exposed 
employees  covered  by  medical 
surveillanoe  under  paragraph  (l)(lftiXA), 
if  an  employee's  initial  biological 
monitoring  results  are  confirmed  to  be 
within  the  range  that  for  purposes  of  this 
standard  is  considered  "normal",  die 
employer  must  provide  the  employee 
with  the  minimum  level  of  medical 
surveillance,  as  set  forth  in  paragraph 
(l)(4)(i)— (iii)  of  this  standard.  However,  if 
the  employee’s  initial  biological 
monitoring  results  are  confirmed  to 
exceed  the  normal  range,  then  the 
employer  must  provide  die  enhanced 
level  of  medical  surveillance  that  is 
appropriate  to  the  level  of  the  initial 
results,  as  set  forth  in  paragraph 
(l)(3)(iiHhi).  Basically,  die  higher  the 
employee’s  monitoring  results,  the  more 
frequent  and  comprehensive  die  medical 
surveillance  required.  A  summary  chart 
and  Tables  that  outline  these  provisions 
have  been  provided  in  appendix  A. 

Concerning  employees  whose 
exposure  to  cadmium  has  been,  or  may 
have  been  prior  to  the  effective  date  erf 
this  standard,  who  are  covered  by 
medical  surveillance  exclusively  under 
paragraph  (l)(l)(i)(BJ,  their  biological 
monitoring  results  will  determine 


whether  or  not  they  will  be  provided 
periodic  medical  surveillance.  If  the 
initial  biological  monitoring  results  are 
confirmed  to  be  within  the  normal  range, 
and  if  follow-up  biological  monitoring 
results  required  within  12  months  under 
paragraph  (l)(3)(i)(B)  also  are  within  the 
normal  range,  then  under  paragraph 
(l)(4)(v)  periodic  medical  surveillance 
may  be  discontinued. 

However  (1)  If  the  initial  biological 
monitoring  results  for  such  previously 
exposed  employees  are  within  the 
normal  range,  but  their  follow-up 
biological  monitoring  results,  taken 
within  12  months,  exceed  the  normal 
range,  then  the  employer  must  provide 
annual  medical  examinations  as 
specified  under  paragraph  (l](4)(v)(C) 
until  all  the  results  of  biological 
monitoring  are  consistently  within  the 
normal  range  specified  by  paragraph 
(U(3)(i))  or  the  examining  physician 
determines  in  a  written  medical  opinion 
that  further  medical  surveillance  is  not 
needed  to  protect  the  employee’s  health. 
Or  (2)  if  the  initial  biological  monitoring 
results  for  such  previously  exposed 
employees  exceeds  the  normal  range, 
then  these  employees  shall  be  provided 
medical  surveillance  under  the  same 
regimen  as  currently  exposed  employees 
(0)(3)(ii)-(iv))  unless  and  until  the 
employee’s  levels  of  CdU,  CdB,  and  fc- 
M  are  all  within  the  normal  range  on 
two  consecutive  tests  over  a  period  of 
no  less  than  12  months.  At  that  point  as 
specified  by  paragraph  (l)(4)(v)(B),  the 
employer  may  terminate  periodic 
medical  surveillance  for  the  employee. 

In  establishing  this  medical 
surveillance  program,  OSHA  had  to 
make  a  number  of  fundamental 
determinations.  First,  die  Agency  had  to 
decide  which  biological  parameters 
would  be  used  to  detect  excess 
cadmium  exposure  and  potential  excess 
risk  of  cadmium  induced  disease. 
Second,  OSHA  had  to  assess  the  range 
that  for  the  purposes  of  this  standard 
will  be  considered  to  be  the  “normal" 
range  for  each  of  these  parameters. 
Third,  the  Agency  had  to  decide  how  to 
trigger  enhanced  medical  surveillance. 
Fourth,  OSHA  had  to  decide  when  and 
how  often  to  require  biological 
monitoring,  full  medical  examinations, 
and  other  related  actions  to  be  provided 
by  the  employer.  Fifth,  OSHA  had  to 
decide  how  the  medical  surveillance 
program  should  be  applied  to  employees 
previously  exposed  to  cadmium  who  no 
longer  are  exposed.  Sixth,  the  Agency 
had  to  decide  at  what  levels  of  the 
biological  parameters,  if  any,  workers 
need  to  be  removed  from  exposure  to 
cadmium  at  or  above  the  action  level 
and  at  what  levels,  if  any,  these  workers 


could  be  returned  to  their  normal 
cadmium  exposed  jobs.  AH  of  these 
decisions  are  based  upon  the  health 
effects  data  in  the  record,  including 
epidemiological  and  animal  studies  of 
cadmium  induced  disease  and 
histopathological  data,  which  are 
thoroughly  summarized  and  analyzed  in 
the  Health  Effects  section  of  this 
preamble  {Section  V). 

Concerning  the  choice  of  biological 
parameters,  it  is  universally  recognized 
that  die  best  measures  of  cadmium 
exposure  are  measurements  of  cadmium 
in  biological  fluids,  especially  urine  and 
blood.  Of  the  two,  CdU  is 
conventionally  used  to  determine  body 
burden  of  cadmium  in  workers  without 
kidney  disease.  CdB  is  conventionally 
used  to  monitor  for  recent  exposure  to 
cadmium.  In  addition,  levels  of  CdU  and 
CdB  historically  have  been  used  by 
industry  as  triggers  that  require  medical 
action  (Ex.  14-6]  and  to  evaluate  the 
likelihood  that  workers  will  develop 
kidney  disease  (Thun  et  al„  Ex.  L-140- 
50;  WHO,  Ex.  8-674;  ACGIH,  Exs.  8-667; 
L-140-51). 

The  third  biological  parameter  upon 
which  OSHA  relies  for  medical 
surveillance  is  Beta  2  microglobulin  in 
urine  (/L-M),  a  low  molecular  weight 
protein.  Excess  &-M  has  been  widely 
accepted  by  physicians,  scientists,  and 
industry  experts,  as  a  reliable  indicator 
of  functional  damage  to  the  proximal 
tubule  of  the  kidney  (Exs.  8-447;  144-3- 
C;  4-47;  L-140-45;  19-4  3^A).  Excess  fit- 
M  is  found  when  proximal  tubules  can 
no  longer  reabsorb  this  protein  and 
essential  elements  in  a  normal  manner. 
Given  the  fact  that  the  employees 
monitored  for  fk-M  levels  under  this 
standard  are  in  fact  exposed  to  not 
inconsiderable  amounts  of  cadmium, 
abnormal  /k-M  levels  in  these 
employees  are  more  likely  to  be  related 
to  excessive  cadmium  exposure  than  to 
other  causes.  (See  Section  V,  Health 
Effects).  Age  alone  cannot  account  for 
the  excess  of  &-M  observed  in 
cadmium-exposed  workers  (Exs.  8-642; 
8-068-B;  L-140-45).  Used  in  conjunction 
with  biological  test  results  that  indicate 
the  presence  of  abnormally  high  levels 
of  CdU  and  CdB,  the  finding  of  excess 
fc-M  can  establish  for  an  examining 
physician  that  any  existing  tubular 
proteinuria  is  probably  cadmium-relaled 
(Tr.  6/6/90,  pp.  108-109, 135). 

OSHA  chose  to  rely  on  /J*-M  as  an 
early  indicator  of  kidney  disease 
because  toe  Agency  concluded  that  fia- 
M  is  the  most  thoroughly  studied  of  the 
various  indicators  that  might  be  used. 
Although  there  may  be  some  problems 
associated  with  handling  J82-M  (e.g.,  toe 
pH  of  toe  urine  must  be  kept  at  or  above 
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6.0;  Exs.  8-086;  8-447;  L-140-1);  and  with 
accurately  measuring  and  characterizing 
the  protein  in  the  sample  (Phadebas,  Ex. 
L-140-1),  most  occupational, 
epidemiological  studies  of  kidney 
disease  among  cadmium  exposed 
workers  have  relied  upon  /32-M 
measurements  as  the  early  marker  of 
nephrotoxicity  (Exs.  8-086;  L-140-1;  4- 
47;  4-28;  4-27;  L-140-45;  L-140-50). 
Moreover,  with  few  exceptions,  the 
medical  experts  who  testified  at  the 
OSHA  hearings  and  provided  comments 
in  the  cadmium  rulemaking  agreed  that, 
all  things  considered,  /32-M  currently  is 
the  best  single,  non-invasive  test  for 
screening  for  cadmium  induced 
nephrotoxicity  (Exs.  19-14;  55;  4—47;  4- 
28;  4-27;  L-140-50;  8-670). 

OSHA  specifically  considered 
alternative  markers,  such  as  retinol 
binding  protein  (RBP),  metallothionein, 
and  N-acetyl  d  glucosaminidase  (NAG) 
in  urine,  and  decided  that  experience 
with  these  alternatives  was  too  limited 
and  their  biological  significance  and 
predictive  value  was  less  certain  than 
/32-M  (Ex.  30).  For  example,  "normal” 
levels  for  retinol  binding  protein  were 
not  clearly  established  in  the  record  and 
do  not  appear  to  have  been  clearly 
established  in  the  general  medical 
literature.  (See  NIOSH,  HHE  Ex.  128; 
Mason,  Ex.  8-669-A;  Health  Effects, 
Section  V — kidney.) 

Having  chosen  the  biological 
parameters  to  be  measured,  OSHA  then 
had  to  evaluate  the  record  evidence  to 
determine  background  levels  of  each 
parameter  so  that  the  Agency  could 
determine  what  levels  should  be 
considered  excessive.  With  regard  to 
CdU,  very  low  levels  of  cadmium  are 
found  in  body  fluids  of  non- 
occupationally  exposed  general 
populations,  even  though  cadmium 
occurs  in  the  general  environment  and 
can  be  taken  into  the  body  through  the 
consumption  of  cadmium-containing 
food  or  by  smoking  cigarettes.  It  has 
been  shown  that  urinary  concentrations 
of  cadmium  minimally  increase  with  age 
(Exs.  8-642;  8-86A). 

In  1983,  Kowal  and  Zirkes  reported 
the  concentration  of  CdU  samples 
collected  from  almost  1,000  persons 
(males  and  females,  CdU  standardized 
to  specific  gravity)  from  nine  states  in 
the  U.S.  (Ex.  8-642).  Ninety-five  percent 
of  the  population  had  CdU  levels  less 
than  2.8  pg/g  Cr,  which  is  lower  than  the 
cadmium  in  urine  trigger  in  this  standard 
for  enhanced  medical  surveillance.  The 
overall  geometric  mean  level  of  CdU  for 
males  was  0.55  pg/g  Cr  and  for  females 
was  0.78  pg/g  Cr  (Ex.  8-642).  In  other 
studies,  median  levels  of  CdU  are  about 


0.5  to  1  pg/liter  at  the  age  of  70  (Exs.  8- 
068-B,  L-140-31). 

It  was  observed  that  the  urinary 
excretion  of  cadmium  was  also 
influenced  by  smoking  habits.  Smokers 
have  higher  average  levels  of  CdU 
compared  to  non-smokers  of  the  same 

age,  (Ex.  8-86-B)  but  CdU  levels  are  not 
influenced  by  smoking  to  the  same 
extent  as  cadmium  blood  levels.  In  a 
limited  study  of  CdU  levels  among  the 
U.S.  population,  among  current  and 
former  smokers,  arithmetic  mean  CdU 
levels  ranged  from  1.0  to  1.5  pg/l  urine 
for  females  and  males,  respectively  (Ex. 
8-86-B).  While  this  study  indicated 
some  smokers  could  have  CdU  levels  of 
3.4  pg/liter  urine,  this  is  an  upper  range 
that  has  not  been  standardized  to 
control  for  diuresis,  i.e.,  standardized  to 
grams  of  creatinine. 

These  levels  are  generally  lower  than 
the  lowest  CdU  trigger  levels  included  in 
the  proposed  cadmium  standard  (55  FR 
4125,  Feb.  6, 1990). 

Several  industry  spokespersons  held 
the  opinion  that  a  trigger  level  of  10  pg/g 
Cr  urine  (or  10  pg/l  urine)  would  protect 
workers  from  unnecessary  risk  of 
cadmium-associated  renal  dysfunction 
(Exs.  19-30;  19-43;  8-201;  19-43;  120). 
However,  as  discussed  below  and  in 
detail  elsewhere  in  the  preamble, 
OSHA's  understanding  of  the  relevant 
literature  and  risk  assessments  indicates 
that  this  is  incorrect  (Exs.  8-447;  19-14). 

Dr.  Tyner,  Medical  Director  of  Gates 
Energy  Products,  a  major  nickel- 
cadmium  battery  production  facility, 
indicated  that  10  pg/g  Cr  in  the  urine 
would  be  a  practical  and  safe  trigger  for 
medical  action  (Ex.  19-2).  Dr.  Kazantzis 
who  testified  for  the  Cadmium  Council 
stated  that  levels  must  be  kept  much 
lower  than  10  pg  Cd/g  Cr  (Tr.  6/8/90, 

pp.  156-200;  Ex.  19-43-A). 

The  Cadmium  Council  submitted 
comments  in  support  of  medical  action 
whenever  CdU  levels  reach  10  pg/g  Cr 
(Ex.  19-43)  based  on  a  study  by  Buchet 
et  al.  in  1980  (Ex.  8-201).  However, 
OSHA  notes  that  in  the  study  by  Buchet, 
the  prevalence  of  kidney  dysfunction 
among  exposed  workers  whose  CdU 
levels  were  above  10  pg  Cd/g  Cr  was 
15%  (Ex.  8-201).  In  the  total  group,  the 
prevalence  of  kidney  dysfunction  among 
exposed  workers  (18.2%)  was 
statistically  significantly  elevated  (p  < 
0.025)  above  the  prevalence  of  kidney 
dysfunction  among  controls  (6.8%). 

Richard  Bidstrup,  Counsel  for  SCM 
Chemicals,  Inc.,  submitted  comments  on 
SCM’s  behalf  (Ex.  19-42A)  to  the  effect 
that  measuring  the  level  of  CdU  is 
helpful  and  that  if  urinary  cadmium  is 
greater  than  10  pg/l  (with  specific 
gravity  adjusted  to  1.020)  or  low 


molecular  weight  protein  is  greater  than 
300  pg/l,  urine  analysis  should  be 
conducted  more  often  until  levels  are 
below  these  thresholds. 

Leading  world  experts  in  the  field  of 
cadmium-induced  kidney  dysfunction, 
such  as  Drs.  Thun,  Friberg,  and  Elinder, 
were  of  the  opinion  that  CdU  levels  had 
to  be  kept  as  far  below  10  pg  Cd/g  Cr  as 
possible  in  order  to  protect  most 
workers  from  kidney  dysfunction.  Their 
opinions  were  based  upon  their  own 
studies  and  their  review  of  the  medical 
literature  (Ex.  L-140-50). 

In  1991,  the  American  Conference  of 
Governmental  Industrial  Hygienists 
(ACGIH)  recommended  lowering  its 
biological  exposures  index  (BEI)  for  CdU 
to  5  pg  Cd/g  Cr  (L-l 40-51). 

After  testifying  at  the  hearings  and  in 
response  to  a  written  request  by  OSHA 
for  further  information  and  comments  on 
medical  surveillance,  David  Volkman,  of 
Big  River  Zinc,  stated  (Ex.  84)  that 
medical  surveillance  monitoring  should 
focus  on  micrograms  of  cadmium  per 
gram  creatinine  (pg  Cd/g  Cr)  and  B2-M. 
He  stated  that  if  a  trigger  level  was  set 
for  medical  action,  5  pg  Cd/g  Cr  would 
be  adequate  (Ex.  46). 

Dr.  Bosken,  a  physician  who  provided 
comments  for  the  Public  Citizen  Health 
Research  Group  and  the  International 
Chemical  Worker’s  Union  (HRG/ 

ICWU),  stated  that  HRG/ICWU 
supports  a  lower  level  of  urinary 
cadmium  (3  pg/g  Cr)  than  that  proposed 
by  OSHA  as  the  level  to  initiate  a 
review  of  the  employee’s  work 
practices,  respirator  use,  and 
engineering  controls  (Ex.  123).  The 
HRG/ICWU  support  5  pg/g  Cr  as  a 
trigger  level  for  medical  removal,  noting 
that,  at  this  level,  *****  a  substantial 
amount  of  renal  disease  [is]  to  be 
expected  in  workers  *  *  *  (Ex.  123)” 
Thus,  in  summary,  despite  some 
differences  in  opinions,  there  is  broad 
agreement  that  CdU  levels  must  be  well 
below  10  pg/g  Cr.  In  addition,  broad- 
based  population  studies  show  that  CdU 
concentrations  for  the  general 
population  not  occupationally  exposed 
to  cadmium  average  less  than  1  pg/L  • 
and  that  95  percent  of  individuals  not 
occupationally  exposed,  including  both 
smokers  and  non-smokers,  exhibit  levels 
of  CdU  less  than  3  pg/g  Cr.  (See 
Appendix  F). 

OSHA,  therefore,  chose  the  level  of 
CdU  >3  pg  Cd/g  Cr  as  its  lowest  CdU 
trigger  for  enhancing  medical 
surveillance.  That  level  represents  a 
clear  cutoff  point  above  which  it  may  be 
assumed  that  workplace  exposure  to 
cadmium  is  affecting  the  biological 
monitoring  test  result.  Dr.  Elinder 
testified  that  while  the  medical 
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surveillance  protocol  for  cadmium 
workers  suggested  by  OSHA  is  more 
strict  in  comparison  to  the  current 
Swedish  protocol,  it  is  better  (Ex.  55).  As 
Dr.  Elinder  stated  in  his  testimony,  dose- 
response  analyses  in  the  medical 
literature  makes  it  clear  that  if  CdU  is 
allowed  to  increase  above  5  p.g/1  about 
five  percent  of  workers  are  likely  to  get 
cadmium  induced  tubular  dysfunction. 

In  contrast  to  CdU  levels,  levels  of 
cadmium  in  blood  (CdB)  reflect  recent 
exposure  to  cadmium  and  do  not  appear 
to  be  significantly  affected  by  the  onset 
of  kidney  damage.  Cadmium  levels  in 
blood  are  affected  to  some  small  degree 
by  age,  diet,  and  sex  and  to  a  larger 
degree  by  smoking  habits  (Jarup  et  al., 
Ex.  8-661).  In  studies  of  occupationally 
exposed  workers  it  was  found  that  age 
is  not  an  important  confounder  (Ex.  8- 
661). 

In  1988,  Drs.  Friberg  and  Elinder 
evaluated  median  CdB  levels  in  males 
and  females  in  different  smoking 
categories.  Ninety  percent  of  female  and 
male  non-smokers  had  CdB  levels  less 
than  0.5  and  0.3  p.g/liter  whole  blood 
(lwb),  respectively.  Ninety  percent  of 
female  and  male  former-smokers  had 
CdB  levels  below  0.8  and  0.9, 
respectively.  Current  smokers  were 
divided  into  categories  based  upon  the 
number  of  cigarettes  smoked  daily. 
Ninety  percent  of  females  and  males 
who  smoked  less  than  a  pack  a  day  had 
CdB  levels  less  than  2.0  and  2.5, 
respectively,  while  90  percent  of  females 
and  males  who  smoked  more  than  half 
but  less  than  a  pack  a  day  had  CdB 
levels  less  than  3.0  and  3.7,  respectively. 
Among  female  and  male  smokers  who 
smoked  more  than  a  pack  a  day,  90 
percent  had  CdB  levels  less  than  3.5  and 
4.5,  respectively  (Ex.  8-740). 

A  number  of  other  studies  provide 
data  on  the  CdB  concentration  of  non- 
occupationally  exposed  persons  and 
indicate  that  non-smokers  in  countries 
where  dietary  cadmium  intake  is  10  to 
20  pg/day  have  a  median  concentration 
in  whole  blood  in  the  order  of  0.4  to  1.0 
pg/1,  whereas  smokers  have  a  median 
concentration  of  1.4  to  4.5  pg/1  (Ex.  8- 
086-B).  In  the  U.S.A.  mean  levels  of  CdB 
of  non-smokers  ranged  from  0.4  fig  Cd/ 
lwb  to  0.8  fig  Cd/lwb.  Mean  levels  of 
CdB  among  U.S.  smokers  were  0.9  in 
former  smokers  and  ranged  from  1.0  fig 
Cd/lwb  to  3.4  fig  Cd/lwb  in  current 
smokers  (Ex.  8-086-B). 

In  1980,  for  example,  the  World 
Health  Organization,  United  Nations 
Environment  Program  (WHO/UNEP) 
launched  a  global  biological  monitoring 
program  for  the  assessment  of  human 
exposure  to  heavy  metals.  Ten  cities 
were  included  in  the  program.  The 
program  was  initiated  to  enable  valid 


comparisons  of  CdB  levels  for  different 
countries.  Until  then,  there  were  no 
accurate  studies  available  and  the 
normal  concentration  of  CdB  was  not 
yet  known  (Ex.  8-86-B).  In  the  WHO 
program,  blood  samples  were  obtained 
from  similar  groups  of  teacher- 
volunteers  in  cities  from  each 
participating  country,  including 
Baltimore,  the  only  U.S.  city  for  which 
such  data  were  available.  Different 
analytical  techniques  were  used  in 
different  countries.  Volunteers  were 
divided  into  smokers  and  non-smokers. 

In  Baltimore,  according  to  the  WHO/ 
UNEP  study,  the  upper  90th  percentile  of 
CdB  levels  for  non-smokers  was  about 
1.0  fig  Cd/lwb  while  the  upper  90th 
percentile  of  CdB  levels  of  smokers  was 
about  2.6  fig  Cd/lwb.  A  very  high  level 
of  CdB  was  observed  among  smokers  in 
Mexico  City,  i.e.,  the  upper  90th 
percentile  of  CdB  levels  of  smokers  was 
8  fig/l.  However,  the  tobacco  products, 
smoking  habits  of  individuals,  and 
environmental  pollution  problems  in 
Mexico  City  are  not  readily  comparable 
with  those  in  Baltimore  (Ex.  8-86-B). 

In  the  final  cadmium  standard,  OSHA 
has  established  a  “normal”  level  of 
cadmium  in  blood  as  levels  below  5  fig/ 
lwb.  This  is  based  on  OSHA’s  review  of 
studies  in  which  95  percent  of  non- 
occupationally  exposed  worker 
populations  which  included  both 
smokers  and  non-smokers  exhibited 
CdB  levels  below  5  pg/lwb.  (See 
appendix  F.)  By  contrast,  in  studies  that 
provided  sufficient  data  on  CdB  levels 
among  occupationally  exposed  workers 
who  had  greater  than  nominal  levels  of 
cadmium  exposure,  95  percent  of 
workers  had  CdB  ievels  greater  than  5 
pg/lwb.  (See  Health  Effects  Section; 
appendix  F.) 

Several  industry  spokespersons  held 
the  opinion  that  a  trigger  level  of  10  fig/ 
lwb  would  protect  workers  from 
unnecessary  risk  of  cadmium-associated 
renal  dysfunction  (Exs.  19-30;  19-43;  8- 
201;  19-43;  120).  However,  other 
participants  in  the  rulemaking  held  the 
belief  that  10  fig  Cd/lwb  is  too  high. 

In  1991,  the  ACGIH  recommended 
lowering  its  biological  exposures  indices 
(BEI)  from  10  pg/lwb  to  5  fig  Cd/lwb  (L- 
140-51).  ACGIH  justified  this  lowering 
of  the  BEI  for  CdB  in  its  Notice  of 
Intended  Changes  (Ex.  L-140-51). 
ACGIH  stated  that  recent  studies 
indicate  a  higher  incidence  of  renal 
dysfunction  than  previously  estimated 
among  workers  with  cumulative  CdB 
concentration  below  10  pg/lwb.  The 
new  BEI  is  intended  to  prevent  the 
potential  for  increased  urinary  excretion 
of  markers  of  renal  dysfunction  in 
almost  all  workers. 


Dr.  Elinder  stated  that  from  the  dose- 
response  analysis  presented  by  Jarup, 
1988,  it  is  clear  that  if  cadmium  exposure 
continues,  producing  a  cadmium 
concentration  in  workers’  blood 
exceeding  five  micrograms  per  liter,  a 
small  percentage  of  the  exposed 
workers  will  develop  02- 
microglobulinuria  (Ex.  55). 

In  summary,  OSHA  chose  greater  than 
5  pg/lwb  as  the  lowest  CdB  trigger  for 
enhancing  medical  surveillance,  because 
that  level  represents  a  clear  cutoff  point 
between  exposed  and  non-exposed 
population.  (See  appendix  F.) 

OSHA  received  many  comments 
regarding  the  use  of  /32-M  as  a  marker  of 
kidney  function.  Dr.  Lauwerys,  the 
author  of  several  studies  on  cadmium- 
induced  renal  effects  and  the  guide  for 
physicians,  Health  Maintenance  of 
Workers  Exposed  to  Cadmium 
published  by  the  Cadmium  Council  (Ex. 
8-447),  stated  that  /32-microglobulinuria 
occurs  if  levels  of  02-M  exceed  200-300 
pg/gram  creatinine  (g  Cr)  (Ex.  8-447). 
Other  world  experts  who  testified 
during  the  hearings  agreed  with  the 
normal  levels  given  by  Dr.  Lauwerys, 
standardized  to  grams  of  creatinine  (g 
Cr)  to  correct  for  diuresis.  Dr.  Goyer 
testified  that  in  the  general  population 
normal  levels  of  &-M  are  less  than  300 
fi/g  Cr  (Tr.  6/6/90,  p.  135).  Dr.  Friberg 
testified  that  levels  of  /32-M  above  200 
fig/g  Cr  are  rare  in  a  population  with 
“normal”  kidney  function  (Ex.  144-3-C). 

Although  individual  variations  are 
great,  most  people’s  levels,  are  very  low. 
Kowal  et  al.  (Ex.  8-642)  evaluated  the 
levels  of  /32-M  in  1,000  non- 
occupationally  exposed  populations  in 
the  United  States.  The  average  level  in 
the  oldest  group  studied,  aged  over  70 
years  was  107  fig  02-M/l  urine.  This  was 
only  marginally  higher  than  in  the  age 
group  20-70,  in  which  the  average  levels 
were  69  to  84  fig  /32-M/l  urine 
(Referenced  in  Ex.  8-068-B). 

Dr.  Elinder,  chairman  of  the 
Department  of  Nephrology  at  the 
Karolinska  Institute,  testified  that  the 
normal  concentration  of  /32-M  has  been 
well  documented  (Evrin  and  Wibell, 

1972;  Kjellstrom  et  al,  1977a;  Elinder  et 
al,  1978, 1983;  Buchet  et  al,  1980;  Jawaid 
et  al,  1983;  Kowal  and  Zirkes,  1983 
referenced  in  Elinder,  Ex.  L-140-45). 
Elinder  stated  that  the  upper  95  or  97.5 
percentile  for  the  urinary  excretion  of 
02-M  among  persons  without  tubular 
dysfunction  is  below  300  fig/g  Cr 
(Kjellstrom  et  al,  1977a;  Buchet  et  al, 
1980;  Kowal  and  Zirkes,  1983).  Elinder 
defined  levels  of  02-M  above  300  fig/g 
Cr  as  “slight”  proteinuria  (Ex.  L-140— 15). 

According  to  Kjellstrom  (Ex.  4-47),  the 
upper  95  percent  tolerance  limit  reported 
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in  his  paper  (290  p.g/1  urine)  was 
considered  to  be  representative  for  large 
groups  of  subjects.  According  to  Falck, 
the  values  obtained  from  the  controls  in 
his  study  were  close  to  the  levels  that 
would  be  expected  from  unexposed 
people  (Falck,  Ex.  4-28).  In  the  Falck 
study,  normal  kidney  function  was  thus 
established  at  /32-M  less  than  400  p.g/1 
urine  for  24  hour  samples. 

In  six  of  the  seven  major 
epidemiological  studies  reviewed  by 
OSHA  in  Section  V — Health  Effects,  /?2- 
M  was  the  marker  of  kidney  dysfunction 
chosen  by  the  authors.  The  ‘‘normal” 
levels  of  fc-M  was  established  based  on 
samples  taken  from  non-exposed 
controls  and  was  about  300  pg/g  Cr  or 
less  in  all  but  two  of  the  seven  studies 
(Thun,  Ex.  8-670;  Falck,  Ex.  4-28).  (See 
Section  VI — Quantitative  Risk 
Assessment).  In  the  two  studies  cited  by 
the  Cadmium  Council,  Buchet  regarded 
/3j-M  levels  greater  than  200  pg/g  Cr  as 
abnormal  and  Toffoletto  regarded  /J2-M 
levels  greater  than  260  pg/1  urine  as 
abnormal  (Exs.  19-43-A,  8-201). 

Furthermore,  in  studies  of  exposed 
workers,  the  geometric  mean  levels  of 
/32-M  among  workers  without  renal 
dysfunction,  including  both  smokers  and 
non-smokers,  were  lower  than  295  pg/g 
Cr  (Kjellstrom,  Ex.  4-47;  Roels  et  al., 
1991,  Ex.  149;  Miksche  et  al.,  1981,  Ex. 
12-10-E;  and  Thun,  Ex.  8-670;  see  also 
appendix  F).  The  fact  that  there  is  no 
clear  statistical  cutoff  point  between 
occupationally  exposed  and  non- 
exposed  individuals  should  not  be 
surprising.  Significantly  elevated  /32-M 
levels  are  expected  to  correspond  to  the 
onset  of  kidney  dysfunction.  Only  a 
certain  number  of  cadmium  exposed 
workers  in  the  medical  literature  are 
likely  to  have  developed  kidney 
dysfunction,  and  this  is  likely  to  occur 
primarily  among  workers  with  high  past 
exposures  to  cadmium.  Consequently, 
the  range  of  levels  of  /32-M  observed  in 
most  of  occupationally  exposed 
individuals  are  likely  to  be  similar  to  the 
"normal"  range  observed  among  the 
unexposed.  Despite  the  absence  of  a 
clear  cutoff  point  between  cadmium- 
exposed  workers  and  non-exposed 
populations,  such  as  with  CdU  and  CdB, 
the  range  of  levels  of  /32-M  that  is 
considered  abnormal  is  rather  well 
established  and  generally  agreed  upon 
(Exs.  144-3-C,  L-140-45). 

The  Agency  recognizes  that,  although 
biological  values  lie  on  a  single 
continuum  with  an  infinite  number  of 
points  between  health  and  illness  (Exs. 
19-2;  19-14;  19-33;  19-34;  19-40;  19-42; 
19-43;  77;  82;  84;  101;  106;  107;  120;  and 
123),  OSHA  had  to  select  particular 
levels  to  indicate  greater  and  lesser  risk 


of  cadmium-induced  renal  disease  and 
to  trigger  appropriate  medical 
responses.  OSHA  believes  that  its 
choice  of  triggers  for  enhanced  medical 
surveillance  based  upon  /32-M  levels 
represent  outpoints  that  are  well 
established  in  the  medical  literature  and 
widely  used  in  practice. 

Three  issues  were  raised  during  the 
rulemaking  regarding  the  use  of  /32-M  as 
a  marker  of  kidney  dysfunction  and 
material  impairment.  First,  there  are 
other  causes  of  elevated  levels  of  /32-M, 
not  related  to  cadmium  exposures  (Ex. 
19-14),  and  there  are  factors  that  can 
cause  /32-M  to  degrade  so  that  low  levels 
might  be  found  even  in  workers  with 
tubular  dysfunction.  For  example, 
regarding  the  degradation  of  /32-M, 
workers  with  acidic  urine  with  pH  <6 
(Exs.  L-140-1,  8-447)  might  have  /32-M 
levels  that  are  within  the  “normal” 
range,  when  in  fact,  kidney  dysfunction 
has  occurred  (Ex.  8-86-B;  Friberg,  Tr.  6/ 
6/90,  pp.  108-109).  Second,  there  is 
debate  over  the  pathological 
significance  of  proteinuria.  Finally, 
detection  of  fh- M  at  low  levels  is 
considered  by  some  to  be  difficult.  The 
issue  of  the  levels  of  detection  of  /32-M 
and  proper  handling  of  urine  samples  to 
prevent  degradation  of  /32-M  has  been 
addressed  under  “Specimen  collection 
and  preparation”  procedures  developed 
by  Phadebas  (Ex.  L-140-1)  and  has  also 
been  addressed  by  OSHA  in  the  section 
on  specimen  handling  and  lab 
standardization  (See  appendix  F). 

Regarding  the  first  issue,  the 
specificity  of  /32-M  as  a  marker  of 
cadmium-induced  kidney  dysfunction  is 
well  established.  The  only  other  renal 
toxins  or  medical  conditions  which  lead 
to  elevated  levels  of  /32-M  are  anti¬ 
cancer  drugs,  aminoglycosides 
(antibacterial  antibiotics  such  as 
streptomycin),  anti-inflammatory 
compounds,  myeloma,  flu,  and  upper 
respiratory  infections  (Dr.  Friberg,  Tr.  6/ 
6/90,  pp.  108-109;  Ex.  H40-1).  As  Dr. 
Thun  stated: 

Low  molecular  weight  proteinuria  *  *  * 
does  occur  from  other  conditions  but  it's 
uncommon  *  *  *  part  of  the  reason  why  the 
(kidney)  data  are  so  consistent  is  that  the 
studies  use  a  rather  specific  marker  of 
cadmium  renal  effects  *  *  *.  (Tr.  6/7/90,  p. 
174) 

Given  the  specificity  of  /32-M,  it  is 
unlikely  that  other  renal  toxins  would 
result  in  elevated  levels  of  /32-M  (Exs.  4- 
47;  4-28;  4-27;  D-140-50;  and  8-670). 

While  a  limited  number  of  other  non¬ 
cadmium  related  illnesses  or  factors 
may  result  in  elevated  /32-M  levels  (Ex. 
29),  OSHA  allows  physician  discretion 
as  to  the  type  of  actions  that  must  be 
taken  when  levels  of  /32-M  are  only 


slightly  elevated.  For  example,  under 
paragraphs  (l)(3)(ii)— (iv),  physicians 
must  provide  a  medical  examination 
within  90  days  if  biological  test  results 
are  "abnormal".  This  allows  the 
physician  time  to  evaluate  and  to  rule 
out  other  etiologies.  Moreover,  medical 
removal  for  elevated  levels  of  &-M  is 
mandatory  only  when  /32-M  is 
significantly  elevated  and  either  CdU  or 
CdB  also  is  elevated,  specifically 
indicating  excess  cadmium  exposure.  /32- 
M  can  also  be  degraded  by  bacterial 
infections,  and  in  urine  with  pH  less 
than  6.  levels  of  /J2-M  decrease. 

Bacterial  infections  and  low  pH  levels 
occur  normally  in  a  proportion  of  the 
population.  j32-M  can  be  degraded  by 
low  pH  and  bacterial  infections  while 
the  (Jt-M  is  stored  in  the  bladder  or 
urinary  tract,  and  while  urine  is  stored 
in  sample  collection  bottles,  leading  to 
measured  concentrations  which  are 
erroneously  low  (Ex.  8-086-B). 

However,  the  bacterial  infections  are 
often  accompanied  by  symptoms  which 
can  be  diagnosed  and  treated.  The 
acidity  of  the  urine  can  be  corrected  in 
vivo  by  consumption  of  sodium 
bicarbonate  and  can  be  raised  in  the 
urine  collection  bottle  by  addition  of  an 
alkaline  buffer.  (See  Ex.  L-140-1,  and 
appendix  F.) 

Regarding  the  remaining  issue, 
pathological  significance,  it  is  clear  from 
the  testimony  of  world  experts  that 
elevated  levels  of  /32-M  should  be 
considered  to  be  material  impairment. 
Dr.  Friberg  testified  that: 

*  *  *  the  beta-2  microglobulin  proteinuria 

*  *  *  should  be  regarded  as  an  adverse  effect 

*  *  *  predictive  of  an  exacerbation  of  the  age 
related  decline  of  the  glomerular  filtration 
rate  *  *  *  the  proteinuria  in  cadmium 
poisoning  is  irreversible  and  is  predictive  of 
more  severe  effects  even  if  the  worker  is 
removed  from  further  cadmium  exposure 

*  *  *.  It  is  true  that  an  increased  excretion  of 
low  molecular  weight  proteins  can  be  a  very 
early  indicator  of  kidney  dysfunction.  That’s 
not  immediately  of  the  same  clinical 
importance  as  an  overt  renal  disease. 
Nevertheless,  it  is  irreversible  and  the 
beginning  of  a  process  which  has  a  high 
probability  to  lead  to  a  progressive  disease,  a 
decrease  in  the  glomerular  filtration  rate 
which  clearly  is  a  serious  effect  that  easily 
may  lead  to  overt  disease.  When  discussing 
the  kidney  damage  from  cadmium,  it  is 
important  that  we  make  it  clear  that  we  are 
talking  about  serious,  but  often  insidious 
effects  on  vital  organs.  The  kidney  has  a 
considerable  reserve  capacity  but  once  this  is 
consumed  symptoms  may  appear  in  swift 
succession  and  the  condition  of  the  patient 
then  deteriorates  rapidly,  and  the  infection  or 
other,  in  itself  trivial  disorder,  could  be  a 
triggering  mechanism.  It  is  our  responsibility 
to  prevent  this  situation  even  among  a  small 
proportion  of  workers.  (Tr.  6/6/90.  pp.  73. 82, 
86) 
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According  to  Dr.  Lauwerys: 

When  increased  excretion  of  proteins 
found  (*  *  *  ^2-microglobulinuria  exceeding 
200-300  pg/g  Cr)  and  confirmed  by  a 
subsequent  examination  a  few  weeks  later,  it 
is  recommended  to  perform  a  more  extensive 
investigation  of  kidney  function  for 
evaluating  the  intensity  of  the  biological 
disturbance  *  *  \  Although  the  discovery  of 
significantly  increased  excretion  of  proteins 
does  not  necessarily  mean  that  renal 
insufficiency  will  occur,  it  is  wise  to  remove 
definitively  from  cadmium  exposure  workers 
presenting  any  persistent  signs  of  renal 
dysfunction"  (Ex.  8-447). 

Prolonged  exposure  to  cadmium  may 
lead  to  glomerular  proteinuria, 
glucosuria,  aminoaciduria,  phosphaturia, 
and  hypercalciuria  (Exs;  8-86-B;  4-28; 
14-18,  p.  157)  and  kidney  stones  (Tr.  6/ 
6/90,  p.  106).  These  conditions  are 
indicated  by  excess  urinary  amino 
acids,  glucose,  phosphate,  or  calcium, 
respectively.  Each  of  these  elements  are 
essential  to  life,  and  under  normal 
conditions  their  excretion  is  regulated 
by  the  kidney.  Once  low  molecular 
weight  proteinuria  has  developed, 
however,  these  elements  may  dissipate 
from  the  body.  Loss  of  glomerular 
function  may  also  occur,  indicated  by  a 
decrease  in  the  glomerular  filtration  rate 
and  an  increase  in  serum  creatinine. 
Severe  cadmium-induced  renal  damage 
may  develop  into  chronic  renal  failure 
and  uremia  at  which  point  some  form  of 
dialysis  or  kidney  operation  will  be 
needed  (Ex.  55). 

Kidney  dysfunction  persists  for  years 
even  after  cessation  of  exposure.  Loss  of 
calcium  and  phosphorus  may  contribute 
to  the  increased  risk  of  kidney  stones 
observed  in  cadmium  exposed  workers 
(Ex.  4-29).  Dr.  Friberg  testified  that,  in 
his  opinion,  kidney  stones  are  a  serious 
sequelae  to  cadmium-induced  renal 
dysfunction.  He  and  others  originally 
thought  that  the  increased  prevalence  of 
kidney  stones  observed  in  his  studies  of 
cadmium-exposed  workers  was 
confined  to  Sweden  (Ex.  29).  But  later, 
the  increased  prevalence  of  kidney 
stones  was  observed  in  England,  and  in 
the  U.S.  the  presence  of  kidney  stones  is 
a  sign  of  a  more  generalized  disorder  of 
the  mineral  metabolism  in  the  kidney 
(Tr.  6/6/90,  p.  106). 

Others  held  a  different  opinion  about 
the  prevalence  of  kidney  stones  among 
cadmium-exposed  workers.  For 
example,  Dr.  Spang  stated  that  kidney 
stones  are  common  in  the  general 
population  of  Sweden  (20%  in  men  and 
about  5%  in  women),  and  although  he 
observed  cases  of  kidney  stones  among 
cadmium-exposed  workers,  he  did  not 
know  if  the  prevalence  was  different 
from  that  of  the  general  population  (Exs. 
80  and  81). 


Cadmium  may  also  precipitate  clinical 
osteopathy  in  persons  with  inadequate 
dietary  calcium  intake  (Ex.  L-140-50). 
Diets  low  in  vitamin  D  and  calcium  may 
be  a  contributing  factor  to  sequelae 
subsequent  to  cadmium-induced  renal 
dysfunction. 

There  are  at  least  two  hypothesized 
scenarios  by  which  cadmium-induced 
tubular  proteinuria  can  cause  other 
adverse  health  effects  (Ex.  8-086).  Under 
the  first  of  these,  cadmium-associated 
tubular  dysfunction  causes  damage  to 
the  production  of  biologically  active 
metabolites  such  as  vitamin  D  which 
occurs  primarily  in  the  kidney.  Under 
the  second  scenario,  cadmium  may 
cause  atrophy  of  the  gastrointestinal 
tract  thereby  reducing  its  ability  to 
absorb  essential  elements  such  as 
calcium  and  phosphates.  Both  would 
lead  to  loss  of  essential  elements  and 
poor  absorption  of  other  minerals  to 
replace  those  lost. 

The  gravity  of  cadmium-induced  renal 
damage  is  compounded  by  the  fact  that 
there  is  no  simple  medical  treatment 
such  as  chelation  to  prevent  or  reduce 
the  accumulation  of  cadmium  in  the 
kidney  without  substantial  risk  (Tr.  6/6/ 
90;  p.  105).  In  contrast  to  other  heavy 
metals,  current  chelation  therapy  does 
not  reduce  the  body  burden  of  cadmium 
without  producing  significant  renal 
damage.  When  chelated  cadmium 
arrives  in  the  kidneys  where  the 
cadmium  may  still  be  toxic  to  renal 
cells.  Thus,  large  amounts  of  cadmium 
may  move  from  the  liver  or  muscle 
storage  sites,  overwhelm  the  kidney’s 
usual  attempts  to  store  cadmium  in  a 
less  toxic  form,  and  accelerate 
deterioration  of  renal  function. 

Regarding  the  pathological 
significance  of  proteinuria,  OSHA 
believes  that  the  loss  of  function  of  the 
proximal  tubules  with  tubular 
proteinuria,  as  indicated  by  elevated 
levels  of  fa-M,  itself  signifies  damage 
that  constitutes  material  impairment  of 
health.  OSHA  acknowledges  that  the 
significance  of  the  dysfunction  as 
evidenced  by  elevated  levels  of  &-M  is 
controversial.  Part  of  this  controversy 
arises  from  the  fact  that  a  worker  with 
elevated  levels  of  (it-M  may  not 
experience  any  symptoms. 

Dr.  Goyer  testified  that  the  confusion 
over  the  interpretation  of  pathological 
significance  of  elevated  levels  of  /32-M 
stems  from  the  fact  that  injury  to  the 
tubuli  ultimately  affects  the  functioning 
of  the  glomerulus.  According  to  Dr. 
Goyer,  the  confusion  lies  in  part  in  the 
fact  that  cadmium's  earliest  effect  is 
primarily  in  the  tubule,  while  kidney 
function  is  usually  measured  in  the 
glomerulus  (Tr.  6/6/90,  pp.  126-127). 


OSHA  believes  that  this  confusion 
results  from  two  misunderstandings. 

First,  tubular  proteinuria  measured  in 
micrograms  per  gram  creatinine  (pg/g 
Cr).  Total  proteins  are  measured  in 
milligrams  per  gram  creatinine  in  urine. 
Measuring  total  proteins  is  not  useful  for 
measuring  the  presence  of  tubular 
proteinuria.  As  Dr.  Lauwerys  stated  in 
his  guide  to  physicians: 

When  increased  excretion  of  protein  is 
found  (total  protein  exceeding  250-350  mg/g 
creatinine,  or  beta  2  microglobulinuria 
exceeding  200-300  pg/g  creatinine)  *  *  *  it  is 
recommended  to  perform  a  more  extensive 
investigation  of  kidney  function  for 
evaluating  the  intensity  of  the  biological 
disturbances  *  *  *  (Ex.  8-447).” 

Cadmium-related  tubular  damage 
usually  precedes  other  kidney  damage, 
but  cadmium  can  cause  other  types  of 
kidney  damage,  e.g.,  glomerular  damage, 
at  the  same  time  as  tubular  damage  (Ex. 
4-50;  Ex.  55).  Once  tubular  proteinuria 
has  developed,  there  is  a  greater 
likelihood  that  further  damage  to  the 
kidney  will  result. 

Second,  leading  world  experts  on 
cadmium-associated  kidney  dysfunction 
have  stated  that  workers  with  tubular 
proteinuria  will  have  a  portion  of  the 
kidney’s  functional  capacity 
compromised.  This  may  not  at  first  be 
manifested  as  "symptoms,”  because  the 
kidney  has  a  certain  amount  of 
functional  reserve.  However,  the 
remaining  functional  portion  of  the 
kidney  is  needed  at  various  times 
throughout  one’s  life  to  deal  with 
conditions  or  other  illnesses  that  are 
likely  to  occur.  If  this  reserve  is  reduced 
the  remaining  functional  capacity  of  the 
kidney  may  rapidly  succumb  to  a 
number  of  otherwise  benign  conditions. 
According  to  Dr.  Elinder,  Chairman  of 
the  Department  of  Nephrology  at  the 
Karolinska  Institute  in  Stockholm, 
Sweden,  workers  with  tubular 
proteinuria  frequently  deteriorate,  with 
a  significant  decrease  in  renal  function. 
Occasionally,  severe  cadmium-induced 
renal  damage  has  progressed  to  become 
chronic  renal  failure  and  uremia  (Ex.  55). 
At  very  low  levels  of  /32-M,  however,  a 
physician  can  determine  that  damage  is 
occurring  before  it  is  “overt”  illness  that 
results  in  severe  symptoms. 

According  to  Dr.  Goyer,  Chairperson 
of  the  World  Health  Organization’s  Task 
Force  on  Cadmium,  in  his  testimony  at 
OSHA’s  hearing,  fifty  percent  of 
workers  with  elevated  levels  of  beta-2 
microglobulin  between  500-1,000  pg/g 
Cr  will  never  revert  to  normal  kidney 
function  (Ex.  30).  According  to  Dr. 
Friberg,  Professor  Emeritus,  Karolinska 
Institute,  this  is  because  the  tubules 
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contain  lesions  that  can  be  observed  in 
histopathology  examinations  (Ex.  29). 

While  most  physicians  would  agree 
that  glomerular  effects  and  loss  of  GFR 
must  be  taken  more  seriously  than  a 
slight  elevation  in  the  finding  of 
elevated  levels  of  low  molecular  weight 
protein  in  the  urine  by  itself  indicates 
kidney  dysfunction  in  the  tubule  (Ex.  8- 
447). 

As  Dr.  Friberg  stated  in  his  testimony, 
each  part  of  the  nephron  is  dependent 
on  every  other  part  of  the  nephron.  It  is 
his  expectation  that  if  one  part  of  the 
nephron  suffers  damage  it  is  more  likely, 
that  another  part  will  suffer  damage  (Tr. 
6/6/90,  pp.  107-108).  Ultimately  then, 
cadmium-related  tubular  effects  will  be 
manifested  as  an  effect  on  the  function 
of  the  glomeruli,  either  subsequently  to 
or  in  association  with  the  onset  of 
tubular  proteinuria. 

Because  of  the  functional  reserve  of 
the  kidney,  the  adaptive  increase  in  a 
single  nephron’s  glomerular  filtration 
rate,  after  total  or  partial  loss  of  other 
damaged  nephrons,  tends  to  obscure 
injury  until  a  considerable  amount  of  the 
functional  elements  of  the  kidney,  the 
parenchyma,  is  irreversibly  lost.  This 
implies  that  under  normal  conditions, 
the  basal  GFR  is  submaximal.  If  as  has 
been  suggested,  glomerular  balance  is 
very  tightly  maintained,  reduction  of 
tubular  function  may  have  repercussions 
on  the  glomerular  level  (Ex.  149).  Early 
changes  in  glomerular  function  are  not 
necessarily  detectable  by  the 
measurement  of  basal  GFR,  but  such 
changes  may  have  a  significant  impact 
on  health  (Ex.  149).  In  a  study  by  Roels 
(Ex.  149)  it  was  found  that  a  renal 
cadmium  burden  that  had  not  yet 
caused  microproteinuria  did  not  impair 
the  filtration  reserve  capacity  of  the 
kidney,  but  the  age  related  decline  of  the 
baseline  and  maximal  GFR  is 
exacerbated  in  the  presence  of  cadmium 
induced  microproteinuria. 

Not  all  participants  in  the  rulemaking 
agreed  that  elevated  levels  of  /3j-M 
signified  damage  that  constitutes 
material  impairment  of  health.  Mr.  Ken 
Storm,  Senior  Industrial  Hygiene 
Specialist  with  Monsanto,  stated  that 
tubular  proteinuria  may  result  from  a 
biochemical  lesion  of  no  clinical 
significance  (Ex.  19-14). 

Dr.  Bond,  medical  consultant  to  SCM. 
testified  that:  • 

*  *  *  no  histological  abnormalities  (are)  seen 
in  the  proximal  tubules  *  *  *  when  there  has 
been  modest  increase  in  urinary  B2MG  and 
Cd  *  *  *  (people  with)  *  *  *  mild  to 
moderate  increases  in  urinary  B2MG  and  Cd 
do  not  progress  to  renal  failure  if  there  are  no 
other  causes  present  such  as  infection, 
diabetes,  etc.  (Ex.  77)" 


Dr.  Kazantzis  testified  that  in  his 
opinion,  tubular  proteinuria  alone  is  not 
accompanied  by  any  specific 
histological  change  and  that  its 
pathological  significance  is  unclear.  Dr. 
Friberg,  however,  stated: 

It  should  be  emphasized  that  tubular 
proteinuria  may  be  accompanied  by  specific 
histological  changes.  Sometimes  such 
changes  have  been  reported  before  the 
functional  changes.  There  are  abundant  data 
born  animal  studies  showing  early 
histological  changes  (Ref.  by  Kjellstrom.  1986, 
p.  38-43).  Experiments  from  humans  are  more 
limited  as  only  a  small  number  of  autopsies 
or  biopsies  are  available.  To  the  extent 
available,  histologic  changes  were  seen  first 
of  all  in  the  proximal  tubules  (Ref.  by 
Kjellstrom,  1986,  p.  50-53).  (Ex.  29). 

Morphological  changes  are  those  that 
pertain  to  the  form  or  structure  of  the 
organ.  Histological  changes  are  those 
that  pertain  to  the  minute  structure  and 
composition  of  the  organ  tissue.  Twenty- 
three  workers  were  evaluated  for  whom 
autopsy  or  biopsy  data  on 
morphological  changes  in  the  kidney 
were  available  (referenced  in  Dr. 
Friberg’s  written  testimony).  Of  these.  18 
workers  had  proteinuria.  Of  the  18 
workers  with  proteinuria,  all  but  three 
had  morphological  changes  in  their 
kidneys.  There  were  no  cases  of 
workers  with  morphological  changes 
without  proteinuria  (Ex.  144-3,  p.  53).  In 
five  of  the  autopsy  reports,  the 
morphological  changes  in  the  kidneys 
were  mainly  confined  to  the  proximal 
tubules,  whereas  the  glomeruli  were  less 
affected. 

These  results  demonstrate  that 
functional  changes  in  the  kidney  can 
occur  before  the  microscopic  structure 
of  the  kidney  is  severely  damaged.  The 
human  data  on  pathological  changes  are 
limited,  however,  and  animal  data  show 
that  in  some  studies,  morphological 
changes  in  the  tubules  emerge  before 
measurable  proteinuria  (Ex.  8-086).  In 
the  absence  of  a  better  test,  however,  it 
appears  that  the  use  of  proteinuria  as  a 
screening  tool  for  morphological 
changes  in  the  kidney  will  identify  all 
cases  of  workers  with  histological  or 
morphological  changes  in  kidney  tissue 
as  well  as  identifying  those  with  only 
functional  changes  that  affect  the 
kidney’s  ability  to  filter  (Ex.  8-086  B). 

These  results  show  that  elevated 
levels  of  /J2-M  may  indicate  that  kidney 
lesions  of  clinical  significance  have 
already  occurred  (Ex.  19-14).  While  a 
worker  with  elevated  levels  of  /?2-M 
may  not  manifest  any  overt  symptoms  of 
illness,  nonetheless,  the  tubuli  and 
glomeruli  have  lesions  that  compromise 
the  functioning  of  the  kidney  as  a 
filtration  mechanism.  Any  other  minor 


kidney  trauma  may  progress  rapidly  to 
serious  kidney  damage. 

According  to  the  American 
Conference  of  Governmental  Industrial 
Hygienists  (ACGIH): 

Persons  excreting  290  fig/L&-microglobulin 
are  not  disabled:  indeed  they  will  not 
experience  any  symptoms.  However,  the 
lesion  (from  tubular  proteinuria)  is 
irreversible  and  represents  a  permanent  loss 
of  functional  reserve.  An  infection  or  other 
condition  which  compromises  renal  function, 
but  which  would  not  normally  lead  to  serious 
illness,  could  overwhelm  the  remaining 
kidney  capacity.  (Ex.  8-644) 

While  Dr.  Kazantzis  testified  that 
renal  stone  formation  has  been  rare  in 
cadmium  workers  in  recent  years  (Ex. 
19—43A),  and  he  went  on  to  say  that  in  a: 

*  *  *  small  proportion  of  long-term  heavily 
exposed  cadmium  workers,  tubular 
proteinuria  has  been  followed  by  renal 
glycosuria,  abnormal  aminoaciduria, 
phosphaturia,  and  hypercalcuria.  (Exs.  80  and 
81) 

Dr.  Kazantzis  continued  that 
progressive  decline  in  renal  function  is  a 
slow  process  in  workers  with  cadmium- 
induced  nephropathy  and  that  this 
decline  is  unlikely  to  progress  to  an 
increased  mortality  from  chronic  renal 
disease.  In  support  of  his  opinion,  he 
cited  his  study  (Kazantzis  and 
Armstrong  1982;  Ex.  8-603)  in  which 
approximately  7000  cadmium-exposed 
workers  with  more  than  one  year  of 
cadmium  exposure  between  1942  and 
1970  were  followed  up  to  1979  (Ex.  8- 
684).  He  found  an  SMR  of  65  for  all 
deaths  coded  as  nephritis  and  nephrosis: 
the  five  year  update  showed  an  SMR  of 
85.  One  worker  classified  as  being  in  the 
“ever  high”  exposure  subgroup  died 
from  nephritis  and  nephrosis. 

Dr.  Elinder  indicated,  however,  that 
most  workers  in  Dr.  Kazantzis'  study 
had  such  low  cadmium  exposures  that 
cadmium-associated  illnesses  would  not 
be  induced  (Ex.  4-25).  By  combining  199 
workers  with  high  exposures  into  a 
group  with  over  6000  workers  with  low 
exposures  into  one  group,  the  power  of 
the  study  to  find  an  effect  was  reduced. 
Increased  mortality  from  chronic 
nephritis  and  nephrosis  has  been 
observed  in  Swedish  battery  workers 
(Exs.  4-68  and  8-740).  The  difference 
between  expected  and  observed  deaths 
in  the  Kazantzis  study  may  well  be  due 
to  local  differences  in  recording  certain 
types  of  information  on  death 
certificates. 

Three  other  epidemiological  studies  of 
cadmium  exposed  workers  have  shown 
increased  mortality  from  kidney 
diseases,  genito-urinary  tract  diseases, 
or  kidney  cancer.  Thun  observed  an 
elevated  SMR  for  genito-urinary  cancer 
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(SMR=135,  Obs=6)  in  his  total  cohort 
(Ex.  4-67);  Dr.  Elinder  (Ex.  4-25) 
reported  an  elevated  SMR  for  genito¬ 
urinary  diseases  in  his  total  cohort 
(SMR  =  300,  Obs  =  3.0);  and  Holden  et  al. 
(Ex.4-39)  observed  an  elevated  SMR  for 
genito-urinary  cancer  in  his  total  cohort 
(SMR  =  122,  Obs=4.0).  Because  the 
number  of  excess  cases  in  each  study  is 
too  small  to  make  these  findings 
statistically  meaningful,  the  relationship 
between  cadmium  exposure  and  risk  of 
death  from  kidney  dysfunction  is  not 
clear.  These  three  mortality  studies, 
however,  provide  consistent  evidence  of 
excesses  of  kidney  illnesses  among 
cadmium-exposed  workers.  This 
suggests  the  possibility  that,  at  least  in 
some  cases,  cadmium-induced  kidney 
dysfunction  may  be  associated  with 
excess  death. 

Death  from  nephritis,  nephrosis  or 
end-stage  renal  disease  is  rare.  Accurate 
death  rates  from  kidney  disease  are 
difficult  to  ascertain,  in  part  because 
such  illnesses  are  uncommon  and  in 
part,  because  they  are  dramatically 
underreported  by  at  least  50%  (personal 
communication  4/30/92,  National 
Institute  of  Diabetic,  Digestive  and 
Kidney  Diseases).  Dr.  Thun  indicated 
that  impaired  renal  function  is 
frequently  underreported  on  death 
certificates  even  when  the  disease  is 
sufficiently  severe  to  require  chronic 
hemodialysis  (Modan  referenced  in 
Thun;  Ex.  4-68).  Under-reporting  results 
because  deaths  from  these  diseases  are 
coded  as  deaths  due  to  complications 
arising  from  the  treatment  of  these 
diseases  or  from  sequelae  to  these 
diseases  such  as  heart  attack,  stroke  or 
diabetes. 

Treatments  for  severe  kidney  diseases 
such  as  dialysis  or  a  kidney  transplant 
are  available  for  those  who  can  afford 
them.  As  Dr.  Friberg  indicated,  several 
of  his  own  patients  had  cadmium- 
induced  uremia  and  died.  If  they  had 
had  the  opportunity  for  dialysis  or  renal 
transplant,  they  could  have  been  saved 
(Ex.  29).  Such  treatments,  however,  are 
grave,  especially  considering  that  early 
forms  of  kidney  dysfunctions  can  be 
detected  and  more  serious  diseases  can 
be  prevented. 

An  additional  part  of  the  controversy 
over  the  significance  of  tubular 
proteinuria  is  the  question  of  whether  it 
is  a  reversible  effect.  Dr.  Friberg 
testified  that: 

The  continuous  release  of  cadmium  from 
the  liver,  also  after  end  of  the  exposure, 
means  that  the  accumulation  of  cadmium  will 
take  place  in  the  kidneys  for  a  long  time  after 
end  of  exposure  *  *  *  there  is  much  data 
showing  that  the  proteinuria  in  chronic 
cadmium  intoxication  is 
irreversible  *  *  *  studies  *  *  *  show 


beyond  doubt  that  several  years  after 
(medical)  removal  of  the  worker  (due  to 
proteinuria)  there  is  either  an  increase  of  low 
molecular  weight  proteins  in  the  urine  or  no 
change  at  all.  (Tr.  6/6/90,  pp.  74-75). 

Drs.  Bernard  and  Lauwerys  conducted 
a  follow-up  study  of  workers  who  had 
been  medically  removed  from 
occupational  exposures  due  to  cadmium 
nephrotoxicity  (Ex.  35).  Among  male 
workers  who  had  been  removed  from 
cadmium  exposure  because  of  elevated 
urinary  excretion  of  /32-M,  retinol 
binding  protein  (RBP),  or  albumin,  the 
evidence  was  that  kidney  dysfunction 
increased  significantly  over  the  five  year 
period.  Once  it  has  appeared,  Drs. 
Bernard  and  Lauwerys  concluded, 
cadmium-induced  proteinuria  is  in  most 
cases  irreversible.  Bernard  and 
Lauwerys  demonstrated  that  proteinuria 
slowly  progresses.  Despite  their  finding 
that  this  evolution  was  slow,  the  authors 
concluded  that  the  onset  of  proteinuria 
should  be  considered  to  be  an  adverse 
health  effect,  since  such  cadmium 
nephropathy  may  progress  to  renal 
insufficiency. 

Dr.  Bond  stated  that  the  clinical 
significance  of  slight  increases  in 
urinary  /32-M  (for  example,  350  pg/l)  is 
uncertain,  but  that  a  repeated  finding  of 
/32-M  levels  twice  that  of  normal  would 
more  likely  reflect  a  permanent  effect, 
based  on  his  experience  and  the 
literature.  (Tr.  7/18/90,  p.  169)  Dr.  Bond 
also  agreed  that  cadmium-induced 
proteinuria  must  be  prevented  or 
minimized  in  order  to  prevent  material 
impairment  of  health.  (Tr.  7/18/90,  pp. 
150-258, 175-176).  About  20%  of  the 
cadmium  workers  that  Dr.  Bond  has 
medically  evaluated  have  elevated  /32-M 
levels.  Dr.  Bond  removed  two  of  these 
workers  from  cadmium  exposure  in  1986 
when  their  /32-M  levels  in  the  urine  were 
3000  to  5000  /ig/l.  Annual  testing  after 
removal  indicated  that  urinary  /32-M 
and  cadmium  levels  did  not  decline 
appreciably.  Dr.  Bond  stated  that  in  his 
opinion,  these  two  workers  are  not  sick 
based  on  results  from  tests  of  their  level 
of  serum  creatinine  and  alpha 
phosphatase  which  measure  kidney 
function  (Tr.  7/18/90,  pp.  189-191).  Dr. 
Bond  did  indicate,  however,  that  he  was 
“concerned"  about  the  welfare  of  these 
two  individuals  because  he  did  not 
know  if  they  were  likely  to  develop  any 
further  problems.  (Tr.  7/18/90,  p.  229). 

According  to  Jarup  et  al  (Ex.  8-661) 
during  the  ten-year  period  of  follow-up 
in  his  study,  none  of  the  cases  of 
elevated  /Jjr-microglobulinuria  (greater 
than  310  p,g  /32-M/g  Cr)  discovered  in 
the  high  dose  groups  were  reversible. 
The  authors  concluded  that  it  was 
unlikely  that  any  of  these  cases  of 
tubular  proteinuria  would  disappear 


after  such  a  long  follow-up  time  and  that 
it  was  quite  possible  that  more  cases  of 
tubular  proteinuria  would  develop  with 
a  longer  follow-up. 

It  is  clear  from  the  record  of  the 
rulemaking  that  despite  some 
controversy,  there  is  general  agreement 
that  renal  tubular  and  glomerular 
lesions  represent  permanent  loss  of 
kidney  functional  reserve  and  that  the 
lesions  are  irreversible.  A  worker  with 
elevated  levels  of  /32-M  who  does  not 
experience  overt  symptoms  of  illness 
may  succumb  to  other  illnesses  more 
rapidly.  An  infection  or  other  condition 
which  would  not  normally  lead  to 
serious  illness  but  which  compromises 
kidney  function  could  overwhelm  the 
remaining  kidney  capacity  (Ex.  8-644).  A 
worker  who  has  only  slightly  elevated 
levels  of  fii-M  may  later  develop 
proteinuria,  even  after  cessation  of 
exposures,  or  the  worker  may  develop 
more  severe  forms  of  renal  dysfunction. 
Such  dysfunction  is  of  great  concern  to 
OSHA.  Loss  of  kidney  function  and 
renal  compromise,  described  above, 
meet  the  definition  of  material 
impairment  as  intended  in  the  OSH  Act 
and  as  defined  in  this  final  standard 
(Sec.  6(b)(5)). 

In  summary,  various  world  experts 
and  others  take  200  p.g  /32-M/g  Cr  either 
as  the  normal  limit  or  as  the  lower  limit 
of  normal  (Lauwerys,  Ex.  8-447;  Friberg, 
Ex.  29).  The  most  widely  used  standard 
test  for  measuring  concentrations  of  /J2- 
M,  Phadebas,  established  levels  above 
300  pg/L  urine  as  being  abnormal  (Ex. 
L-140-1).  All  of  these  data  and  expert 
opinion  lead  OSHA  to  believe  that  the 
Agency  could  reasonably  set  the  lowest 
/32-M  trigger  for  enhancing  medical 
surveillance  from  200  pg  to  as  high  as 
300  pg/g  Cr.  Both  200  and  300  p,g/g  Cr 
are  considered  to  be  very  low  levels. 

On  balance,  OSHA  has  decided  to  set 
300  p-g/g  Cr  as  the  lowest  /^-M  trigger 
for  the  following  reasons.  OSHA 
believes  that  the  medical  surveillance 
requirements  in  this  cadmium  standard 
are,  of  necessity,  very  strict.  As  Dr. 
Friberg  testified: 

OSHA’s  document  *  *  *  when 
implemented,  will  have  a  major  impact  to 
protect  the  workers’  health.  The  proposed 
changes  in  PELs  and  the  strict  control 
measures  required  by  OSHA  may  seem 
drastic.  They  are  not  drastic  from  the  point  of 
view  of  the  protection  of  the  worker, 
however.  They  seem  drastic  only  because  so 
little  has  been  done  in  the  past  (Tr.  6/6/90; 
pg.  86-87). 

OSHA  is  aware  that  these  requirements 
impose  a  substantial  economic  burden 
on  employers.  OSHA  does  not  want  to 
impose  costs  on  employers  for  medical 
surveillance  when  it  is  uncertain 
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whether  the  lower  trigger  level  of  200  pg 
/Jj-M/g  Cr  will  provide  additional 
protection. 

OSHA  received  comments  on  other 
medical  surveillance  protocols  (Exs.  14- 
14-C;  77;  19-43-A;  107).  The  Agency 
believes  that  the  essential  elements  for  a 
sound  medical  surveillance  protocol  that 
were  submitted  by  other  hearing 
participants  have  been  included  in  this 
program.  However,  OSHA  chose  to  limit 
initial  examinations  as  specified  under 

(l)(2)(ii)  to  three  biological  tests  (Cdll, 
CdB,  /?2-M)  instead  of  routinely  requiring 
the  battery  of  tests  some  commenters 
requested  (e.g.,  ASARCO,  Ex.  107). 

OSHA  also  relies  upon  three  biological 
monitoring  results  used  in  conjunction 
with  each  other,  instead  of  only  one 
parameter,  as  is  the  current  practice  in 
some  industries  (Ex.  14-6).  The  Agency 
has  determined,  based  on  record 
evidence,  that  one  parameter,  either 
CdU,  CdB,  or  /32-M,  is  less  reliable  by 
itself  to  evaluate  an  employee's  health 
status.  Thus,  OSHA  requires  three  tests, 
initially  and  periodically  thereafter. 

As  indicated  above,  the  final  medical 
surveillance  program  included  in  this 
standard  is  based  upon  the  proposal  (55 
FR  4124),  the  memorandum  further 
articulating  that  proposal  (Ex.  46,  July  2. 
1990),  and  the  other  record  evidence.  In 
that  memorandum,  OSHA:  (1)  Indicated 
that  the  proposed  medical  surveillance 
section,  paragraph  (1),  had  elicited 
substantial  comment  and  testimony  at 
the  hearings  in  June,  1990,  in 
Washington,  DC;  (2)  summarized  the 
submissions;  (3)  presented  medical 
surveillance  provisions  that  had  been 
modified  in  response  to  the  comments 
and  testimony;  and  (4)  requested 
participants  to  submit  further  testimony 
and  comments  on  these  provisions  and 
related  issues.  The  main  change  to  the 
provisions  incorporated  in  the 
memorandum  is  that  in  this  final 
standard  employers  are  required  to 
monitor  an  employee’s  CdB  as  well  as 
CdU  and  &-M.  The  change  is  based 
upon  testimony  and  comments  OSHA 
received  on  the  proposal  and 
memorandum  (e.g.  Exs.  19-2;  19-14;  19- 
33;  19-34;  19-40;  19-42;  19-43;  77;  82;  84; 
101;  106;  107;  120;  123). 

With  the  comments  and  relevant 
medical  literature  in  mind,  OSHA  had  to 
select  particular  biological  levels  to 
indicate  greater  and  lesser  risk  of 
contracting  cadmium  induced  disease 
and  to  trigger  appropriate  medical 
responses.  Dr.  Tyner,  medical  director  of 
the  Gates  Nickel-Cadmium  battery 
plant,  stated,  "The  most  important  part 
of  this  proposed  standard  is  the  medical 
surveillance  portion  with  the  removal 


provisions  *  *  *  .  Medical  surveillance 
must  be  mandated.”  (Ex.  19-2) 

Dr.  Tyner  stated  that  the  proposed 
medical  surveillance  provisions  are 
about  right.  "(Five)  5  pg/g  Cr  is  a  little 
low  for  removal  *  *  *  .  Tubular 
proteinuria  is  definitely  a  good  reason  to 
remove  someone  from  cadmium 
exposure"  (Ex.  19-2).  His  company 
removes  workers  at  300  pg/Liter.  Dr, 
Bond  of  SCM  stated  that  an  option  to 
requiring  each  workplace  to  have  a 
physician  who  knows  about  cadmium’s 
toxicity  is  for  OSHA  to  establish  a 
medical  surveillance  protocol  that 
would  require  proper  medical 
examinations  (Tr.  7/18/90,  pp.  199-200, 
244-248).  Michael  Coffman,  manager  of 
industrial  hygiene  for  Federal-Mogul 
urges  OSHA  to  “set  objective,  non¬ 
mandatory  guidelines  to  assist 
physicians  in  determining  under  what 
circumstances  medical  removal  is 
necessary”  (Tr.  6/11/90;  p.  126). 

In  response  to  such  comments  OSHA 
incorporated  a  significant  degree  of 
physician  discretion  into  the  final 
medical  surveillance  provisions,  while 
specifying  clear  triggers  for  non¬ 
mandatory  and  mandatory  medical 
actions,  where  needed. 

OSHA  believes  that  each  of  its 
choices  of  triggers  for  enhanced  medical 
surveillance  represents  a  cutpoint  that  is 
generally  well  established  in  the 
medical  literature  and  is  widely  used  in 
practice  for  assessing  risk  of  cadmium 
induced  disease  and  for  initiating 
appropriate  preventive  or  protective 
action.  Of  course.  OSHA  understands 
that  one  or  more  individual  triggers 
might  have  been  set  somewhat  above  or 
below  the  particular  level  OSHA 
selected.  However,  the  Agency  is 
assured  that  the  overall  configuration  of 
trigger  levels  makes  sense  as  a  program 
for  protecting  workers  to  the  extent 
feasible  from  cadmium  induced  disease 
and  also  is  internally  consistent. 

Take  CdU  as  an  example;  if  CdU 
biological  monitoring  results  are  within 
the  so  called  “normal"  range,  at  or 
below  3  pg/g  Cr,  the  employer  must 
provide  currently  exposed  employees 
who  are  covered  by  medical 
surveillance  with  the  minimum  level  of 
surveillance  delineated  in  paragraphs 
(1)(2),  (1)(3),  and  (1)(4).  This  minimum 
includes  an  initial  medical  exam 
(biological  monitoring  and  work 
history),  followed  within  12  months  by  a 
periodic  (biennial)  full  medical 
examination  which  includes  biological 
monitoring,  and  then  within  the 
following  12  months  by  biological 
monitoring  also  on  a  biennial  schedule. 
Thus,  the  minimum  level  of  surveillance 
involves  annual  biological  monitoring, 


either  independent  from,  or  as  part  of 
full  medical  examinations  and  biennial, 
full  medical  examinations. 

However,  if  the  employee’s  CdU  are 
>3  but  <15  pg/g  Cr,  the  employer  under 
paragraphs  (l)(3)(ii)  and  (l)(4)(iv)  of  this 
standard  must  take  a  number  of 
additional,  limited  steps  to  locate  the 
source  of  the  exposure  problem,  control 
the  potential  sources  of  overexposure  in 
the  workplace,  and  more  closely  monitor 
for  potential  changes  in  any  of  the 
employee’s  biological  indicators. 
Furthermore,  the  employer  is  also 
required  to  provide  the  employee  with  a 
full  medical  examination  within  90  days 
after  receipt  of  the  biological  monitoring 
results. 

To  be  more  specific,  for  example,  if 
the  employee’s  biological  monitoring 
results  show  CdU  to  be  in  excess  of  3 
pg/g  Cr  but  at  or  below  15  pg/g  Cr,  then 
the  employer  is  required  to: 

(a)  Provide  semi-annual  biological 
monitoring; 

(b)  Provide  annual  full  medical 
examinations: 

(c)  Reassess  the  employee’s  work 
practices,  personal  hygiene,  respirator 
use,  if  any,  and  smoking  history  and 
status; 

(d)  Reassess  the  respirator  program, 
hygiene  facilities,  maintenance  and 
effectiveness  of  relevant  engineering 
controls;  and 

(e)  Take  reasonable  steps  to  correct 
deficiencies  found  in  the  reassessments 
that  may  be  responsible  for  the 
employee’s  excess  exposure  to 
cadmium. 

In  addition,  due  to  the  potential  for 
disease  associated  with  CdU  levels 
above  3  pg/g  Cr  and  especially  above  5 
pg/g  Cr.  (See  Health  Effects  Section  V). 
OSHA  also  is  requiring  the  examining 
physician  to  consider  and  determine  in  a 
written  medical  opinion  whether  or  not 
the  employee,  in  light  of  all  the  medical 
evidence,  should  be  medically  removed 
from  exposure  to  cadmium  at  or  above 
the  action  level.  If  the  physician 
determines  that  the  employee  need  not 
be  medically  removed,  the  employer 
must: 

(1)  Continue  to  provide  semi-annual 
biological  monitoring  of  potential 
changes  in  the  employee’s  biological 
indicators; 

(2)  Provide  annual  medical 
examinations;  and 

(3)  Make  periodic  efforts  to  locate  and 
control  the  workplace  sources  of  the 
employee’s  problem  until  the  CdU  levels 
return  to  within  the  "normal"  range. 

Moreover,  if  the  level  of  CdU  exceeds 
15  pg/g  Cr.  then  under  paragraphs 
(l)(3)(iii)  and  (l)(4)(iv)  of  this  standard 
the  employer  must  provide  a  full 
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medical  examination  within  90  days 
after  receipt  of  the  results.  The 
physician  continues  to  be  required  to 
determine  in  a  written  medical  opinion 
whether  the  employee  should  be 
medically  removed  from  exposure  to 
cadmium  at  or  above  the  action  level.  If 
the  physician  determines  that  the 
employee  need -not  be  medically 
removed,  the  employer  must  continue  to 
provide  the  same  level  of  enhanced 
medical  surveillance  as  is  required  at 
the  next  lower  trigger  level,  except  that 
biological  monitoring  must  be  conducted 
quarterly  and  periodic  medical 
examinations  must  be  provided  semi¬ 
annually.  The  employer  also  must 
periodically  continue  his/her  efforts  to 
locate  and  control  the  workplace 
sources  of  the  employee's  problem. 

More  than  that,  if  the  biological 
monitoring  results  obtained  during  the 
medical  examination  confirm  the  initial 
(or  periodic)  monitoring  results,  that  the 
employee’s  level  of  CdU  exceeds  15  fig / 
g  Cr,  or  CdB  exceeds  15  pg/lwb,  or  /32-M 
exceeds  1500  fig/g  Cr  and  in  addition  to 
the  elevated  /32-M  level,  CdU  levels 
exceed  3  fig/g  Cr  or  CdB  levels  exceed  5 
fig/ lwb,  then  the  physician  is  required  to 
medically  remove  the  employee  from 
exposure  to  cadmium  at  or  above  the 
action  level. 

With  this  provision  for  mandatory 
removal,  OSHA  is  effectively 
eliminating  the  examining  physician’s 
discretion  as  to  whether  to  remove  the 
employee  from  cadmium  exposure  at  or 
above  the  action  level.  OSHA  believes 
that  the  risk  of  the  employee  having  or 
developing  kidney  disfunction  and 
perhaps  other  diseases  is  so  high  at 
these  biological  levels  that  the  employee 
must  be  removed  as  soon  as  it  is 
established  by  retesting  that  the  earlier 
monitoring  results  are  confirmed 
(Bernard  and  Lauwerys,  Ex.  35;  NIOSH, 
Ex.  128;  Lauwerys,  Ex.  8-718;  Roels,  Ex. 
57-K;  Buchet,  Ex.  8-201). 

However,  to  avoid  the  possibility  that 
a  cadmium  exposed  worker’s  confirmed, 
very  high  /32-M  levels  might  be 
attributable  to  something  other  than 
cadmium  exposure,  OSHA  is  requiring 
that,  for  mandatory  medical  removal 
based  on  high  (h-M  levels,  the  &-M 
levels  must  be  supplemented  by 
abnormal  levels  in  one  of  the  two 
cadmium-specific  biological  parameters, 
CdB  or  CdU,  as  well.  Thus,  OSHA  seeks 
to  assure  that  removal  for  elevated 
levels  of  (h-M  be  carefully  restricted  to 
employees  with  high  risks  of  adverse 
material  impairment  of  health 
associated  with  exposure  to  cadmium. 

Medical  evidence  in  general  would 
support  mandatory  removal  at  lower 
levels  than  established  in  paragraph 
(l)(3)(iii)  (Exs.  8-644;  L-140-51;  35). 


However,  OSHA  is  mindful  of  other 
important  considerations  that  tend  to 
weigh  against  currently  requiring 
medical  removal  at  lower  biological 
levels.  First,  medical  removal  is  a 
dramatic  intervention  that  may  have 
potentially  dire,  unintended  life 
consequences  for  the  employee  and 
could  be  very  costly  to  the  employer  as 
well.  Even  as  medical  removal  provides 
one  reasonable  way  to  deal  with  an 
employee's  medical  problem,  it  may 
contribute  to,  or  create  other  problems. 
For  example,  if  a  veteran  worker  is 
removed  because  of  high  biological 
monitoring  results  and  his/her 
subsequent  results  do  not  fall  to  or 
below  the  “normal”  level,  which  would 
allow  return  of  the  employee  to  his/her 
former  job  status,  the  employee 
thereafter  might  be  terminated  and 
become,  practically  speaking, 
unemployable  in  today’s  cadmium 
exposed  jobs.  Second,  individuals' 
vulnerabilities  and  susceptibilities  to 
cadmium  toxicity  vary  somewhat, 
especially  at  lower  levels  of  exposure 
such  as  those  under  the  new  TWA  PEL 
of  5  ftg/m*.  The  numerical  mandatory 
removal  limits  have  been  selected  using 
Agency  judgement  as  to  the  need  to 
protect  the  sensitive  portion  of  the 
worker  population  without  removing  too 
many  workers  who  will  not  develop 
kidney  impairment.  And  third,  veteran 
cadmium-exposed  workers,  who  were 
occupationally  exposed  to  much  higher 
levels  of  cadmium  in  the  past,  still  are 
employed  in  the  workplace.  For  veteran 
workers  near  retirement,  a  complex 
decision  that  is  at  once  medical,  social 
and  economic  has  to  be  made 
concerning  medical  removal.  This 
decision  is  best  made  by  the  examining 
physician  and  the  individual  worker  in 
consultation.  Fourth,  with  large  numbers 
of  veteran  workers  still  in  the 
workforce,  mandatory  removal  at 
relatively  low  levels  may  create 
feasibility  problems  for  many 
employers. 

Considering  the  pros  and  cons  for 
setting  lower  mandatory  removal 
triggers,  OSHA  recognized  compelling 
arguments  on  both  sides.  In  light  of  this 
reality,  OSHA  tried  to  take  reasonable 
account  of  legitimate,  conflicting 
concerns  by  steering  a  middle  course. 

To  protect  worker  health,  the  Agency 
set  lower  removal  triggers  at  the 
discretion  of  the  physician.  OSHA 
believes  that  while  the  final  standard 
allows  for  discretionary  medical 
removal  at  low  levels  (e.g.,  using  CdU  as 
an  example,  as  low  as  just  above  3  fig 
Cd/g  Cr),  physicians  generally  will  not 
remove  workers  at  these  levels.  OSHA 
does  not  expect  physicians  to  remove 
workers  when  they  first  exceed 


“normal"  levels  or  at  low  levels.  Before 
1999,  workers  need  not  be  medically 
removed  at  or  near  these  levels,  unless 
in  the  physician’s  opinion  and  after  full 
review  of  all  the  pertinent  medical 
information  the  physician  deems  it 
necessary  to  do  so  in  the  interests  of  the 
health  of  a  particular  worker. 

Nonetheless,  by  providing  the  option 
of  discretionary  removal  at  these  low 
levels,  OSHA  believes  that  the 
physician  and  the  employee  will  become 
aware  that  increased  risk  of  kidney 
dysfunction  exists  at  these  levels,  and 
they  will  consider  other  actions  short  of 
medical  removal  to  minimize  or  avoid 
permanent  damage,  e.g.,  diet  use  of 
certain  broad-spectrum  antibiotics  and 
other  prescription  medications,  use  of 
other  non-prescription  medications.  The 
physician  and  the  employee  should  be 
aware  of  the  risks  in  order  to  mitigate 
the  influence  of  other  factors  that  might 
rapidly  overwhelm  the  worker’s 
remaining  functional  capacity  in  cases 
where  some  dysfunction  has  already 
occurred  even  though  the  worker’s  test 
results  are  below  the  mandatory 
removal  levels. 

In  further  recognition  of  the 
countervailing  factors  listed  above,  the 
Agency  phases  in  lower  levels  for 
mandatory  requirements  over  nearly  six 
years.  Thus,  in  paragraphs  (l)(3)(iv)  and 
(l)(4)(iv)  mandatory  medical  removal  is 
required  after  January  1, 1999  whenever 
biological  testing  during  a  physical 
exam  confirms  earlier  results  that  CdU 
is  >7  fig/g  creatine,  CdB  is  >10  pg/lwb, 
or  /J2-M>  750  fig/g  Cr  and  in  addition 
to  elevated  &-M  levels  CdU  levels 
exceed  3  fig/g  Cr  or  CdB  levels  exceed  5 
p.g/lwb.  Support  for  the  particular  levels 
chosen  for  removal  can  be  found  in  the 
health  effects  section  earlier  in  this 
preamble  and  in  the  record  of  the 
rulemaking.  For  example,  Dr.  Bond,  who 
testified  on  behalf  of  SCM,  stated  that 
the  clinical  significance  of  slight 
increases  in  &-M  (for  example,  350  fig/ 
L)  is  uncertain,  but  that  a  repeated 
finding  of  &-M  levels  twice  that  of 
normal  would  more  likely  reflect  a 
permanent  effect,  based  on  his 
experience  and  the  literature  (Tr.  7/18/ 
90,  p.  169).  Dr.  Bond  also  agreed  that 
cadmium-induced  proteinuria  must  be 
prevented  or  minimized  in  order  to 
prevent  material  impairment  of  health. 
(Tr.  7/18/90,  pp.  150-158, 175-176). 

By  phasing  in  mandatory  removal 
requirements  at  lower  levels,  OSHA 
expects  that  most  of  the  problems 
associated  with  immediately  imposing 
such  lower  levels  will  be  avoided.  For 
example,  employers’  efforts  over  the 
intervening  years  to  comply  with  this 
standard,  especially  in  the  face  of 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations  42363 


prospects  of  still  lower  mandatory 
removal  triggers,  are  likely  to  control 
cadmium  exposures  in  the  workplace  to 
the  extent  feasible.  Moreover,  the 
normal  infusion  of  new  workers  not 
previously  occupationally  exposed  to 
cadmium  in  conjunction  with  normal 
levels  of  turnover  and  the  retirement  of 
veteran  workers  will  produce  a 
workforce  most  of  whose  members  have 
considerably  lower  body  burdens  of 
cadmium.  Taken  together,  these 
developments  should  make  mandatory 
removal  at  lower  levels  generally 
feasible  for  employers  and  less 
potentially  burdensome  for  employees. 

OSHA’s  tiered  structure  for 
progressively  enhanced  medical 
surveillance  incorporates  a  parallel 
structure  for  progressively  reduced 
surveillance,  which  is  triggered  at  each 
tier  by  sufficiently  lowered  biological 
test  results.  At  each  level  of  enhanced 
medical  surveillance  there  is  a 
mechanism  for  reducing  medical 
surveillance  when  levels  of  all  three 
biological  parameters  fall  below 
specified  trigger  levels.  Thus,  for 
example,  the  enhanced  medical 
surveillance  triggered  by  paragraph 
(l)(3)(ii),  where  levels  of  CdU>3  jig/g 
Cr,  /32-M  >  300  pg/g  Cr,  CdB  >  5  pg/ 
lwb,  is  no  longer  required  once  the 
employee’s  levels  of  CdU  fall  to  or 
below  these  levels.  Thereafter,  as  long 
as  the  employee’s  biological  monitoring 
results  all  remain  within  the  “normal” 
range,  the  employer  is  required  to 
provide  only  the  minimum  level  of 
medical  surveillance. 

These  medical  surveillance  provisions 
were  developed  with  a  primary  focus  on 
currently  exposed  employees.  However, 
under  paragraphs  (l)(l)(i)(B),  (l)(2)(i), 
(l)(3)(i)(B).  (l)(3](iiHvi).  (l)(4)(v),  and 
(1)(8),  they  apply  as  well  to  employees 
who  may  no  longer  be  exposed  to 
cadmium.  Thus,  the  employer  must 
provide  medical  surveillance  to  any 
employee  who  was  exposed  to  cadmium 
prior  to  the  effective  date  of  this 
standard,  unless  the  employer  can 
demonstrate  that  the  employee  did  not 
work  for  the  employer  in  jobs  with 
cadmium  exposure  for  an  aggregated 
total  of  more  than  60  months  in  the 
years  prior  to  the  effective  dale  of  this 
standard. 

OSHA  understands  that  it  may  be 
difficult  at  times  for  the  employer  to 
demonstrate  that  the  employee  did  not 
work  for  the  employer  in  cadmium 
exposed  jobs  prior  to  the  effective  date 
of  this  standard  for  a  total  of  60  months 
or  less.  Consequently,  the  Agency  does 
not  require  the  employer  to  provide  a 
certain  proof  to  satisfy  the  employer’s 
burden  of  proof.  Rather,  OSHA  expects 


the  employer  to  provide  sufficient 
evidence  to  make  it  unlikely  that  the 
employee  was  exposed  for  a  total  of  60 
months.  The  evidence  must  be 
reasonably  persuasive  in  light  of  the 
protective  purposes  of  medical 
surveillance.  The  evidence  may  be 
probablistic  or  circumstantial  where 
direct  evidence  is  neither  available  nor 
easy  to  develop. 

Thus,  on  the  one  hand,  for  the  reasons 
presented  above,  OSHA  has  placed  the 
burden  of  proof  on  the  employer  to  show 
that  a  currently  or  previously  cadmium- 
exposed  employee  need  not  be  provided 
medical  surveillance  under  the  criteria 
supplied  in  paragraph  (1)(1)  of  this 
standard.  And  OSHA  intends  that  these 
criteria  should  be  interpreted  in  a 
manner  that  best  assures  medical 
protection  to  employees  who  appear 
potentially  in  need  of  it.  On  the  other 
hand,  OSHA  does  not  intend  to  impose 
an  unsustainable  burden  on  the 
employer.  On  the  contrary,  the  kind  of 
proof  that  a  reasonably  conscientious 
employer  could  present  generally  should 
be  viewed  as  satisfying  the  employer’s 
burden  of  proof. 

For  employees  to  whom  the  employer 
must  provide  medical  surveillance 
because  of  exposure  to  cadmium  prior  to 
the  effective  date  of  this  standard,  the 
main  aim  of  initial  medical  surveillance, 
as  previously  indicated,  is  to  identify  as 
quickly  as  possible  those  with 
abnormally  high  biological  test  results. 
Once  identified,  these  employees  are 
then  tracked  through  paragraphs 
(l)(3)tii) — (iv)  and  (l)(4)(iv)  into  the  same 
level  of  enhanced  medical  surveillance 
as  currently  exposed  workers  with 
similar  test  results.  By  contrast,  for  past 
exposed  employees  whose  initial 
biological  monitoring  results  are  all 
within  the  normal  ranges,  the  aim  is  to 
phase  out  periodic  medical  surveillance 
as  expeditiously  as  prudence  will  allow. 
Consequently,  under  paragraph 
(l)(3)(i)(B)  the  employer  is  required  to 
retest  the  employee  within  one  year  (12 
months)  of  the  initial  exam.  If  the  results 
of  that  retest  confirm  that  all  the  levels 
remain  normal,  then  under  paragraph 
(l)(4)(v)  the  employer  need  not  provide 
further  medical  surveillance  to  the 
employee. 

The  tiered  structure  of  triggers  for 
progressively  enhanced  and 
progressively  reduced  medical 
surveillance,  outlined  with  regard  to 
CdU,  is  utilized  in  paragraphs  (1)(3)  and 
(4)  of  this  standard  for  CdB  and  /3a- 
M>  levels,  as  well.  Paragraph  (1)(3) 
provides  the  required,  tiered  actions  the 
employer  must  take  in  response  to  the 
initial  biological  monitoring  results. 
Paragraph  (1)(4)  provides  the 


requirements  for  periodic  medical 
surveillance,  which  generally  replicate 
the  tiered  requirements  for  biological 
monitoring  in  paragraph  (1)(3).  These 
parameters  are  required  to  be  monitored 
on  the  same  schedule  as  CdU. 

In  order  to  assist  the  employer, 
employee  and  the  physician  in 
understanding  and  implementing  the 
medical  surveillance  provisions  in  this 
standard,  OSHA  has  provided  a 
Summary  Chart  of  the  provisions  in  the 
regulatory  text  and  an  example  of  a 
form  for  employee-notification-of-results 
in  appendix  A. 

In  addition  to  biological  monitoring, 
periodic  medical  examinations  also  are 
required.  Paragraph  (l)(4)(ii)  sets  out  the 
required  contents  of  those  examinations. 
The  examination  must  include  a 
detailed  medical  and  work  history  and  a 
conventional  physical  examination,  with 
specific  emphases  on  potential  cadmium 
induced  diseases  and  their  biological 
indicators.  Thus,  particular  attention  is 
given  to  the  respiratory  and  urinary 
systems,  the  same  biological  monitoring 
that  is  part  of  the  initial  examination, 
and  additional  blood  and  urine 
analyses. 

Based  upon  numerous  comments  in 
the  record  indicating  that  OSHA  should 
focus  the  content  of  the  medical  exam 
on  potential  lung  and  kidney  disease  as 
the  critical  effects,  the  Agency  in  this 
final  standard  has  eliminated  certain 
requirements  from  the  proposed 
standard  and  added  others  (NIOSH,  Ex. 
19-26;  Bond,  Ex.  77;  ASARCO,  Ex.  107). 
For  example,  OSHA  eliminated  the 
proposed  requirements  for  liver  enzyme 
testing.  While  cadmium  is  regarded  as  a 
late-stage  toxin  to  the  liver,  at  least  one 
commenter  stated  that  there  are  no 
reports  of  cadmium-induced 
hepatocellular  damage,  therefore, 
medical  tests  for  liver  function  are 
unjustified  (Exs.  6-86,  Ken  Storm;  19-14, 
Monsanto).  Dr.  Friberg  stated  that  there 
was  no  reason  to  include  liver  enzyme 
tests  unless  they  are  normally 
performed  (Ex.  29). 

A  complete  blood  count  is  required  as 
part  of  the  full  medical  examination 
under  paragraph  (l)(4)(ii)(F).  This  test  is 
expected  to  identify  cases  of  anemia. 
According  to  Dr.  Stopford,  a  physician 
with  the  Duke  University  Medical 
Center,  a  platelet  count,  which  is 
already  part  of  most  commercially- 
available  complete  blood  count  panels, 
would  help  detect  the  toxic  effects  of 
cadmium  on  the  spleen  and  liver,  with 
associated  anemia  (Exs.  14-14B,  14-14- 
D).  Dr.  Stopford  submitted  comments  to 
the  record  which  included  a  case  report 
on  a  worker  with  severe  liver 
dysfunction  (Ex.  14-14).  Dr.  Stopford 
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considered  this  case  history  to  be 
cadmium  related. 

The  proposed  microscopic 
examination  of  urinary  sediment  was 
eliminated  in  the  final  standard,  because 
comments  were  submitted  that  this  test 
would  provide  little  useful  information 
(Ex.  29).  Evaluation  of  the 
musculoskeletal  system  was  eliminated 
from  the  physical  exam  but  not  from  the 
medical  history  because  commenters 
stated  that  musculoskeletal  damage  is 
seen  only  as  a  result  of  cadmium- 
induced  kidney  failure  and  probably 
will  not  be  seen  in  the  U.S.  occupational 
environment  (Exs.  19-14,  29;  Tr.  6/6/90 

pp.  112). 

On  the  other  hand,  OSHA  added  other 
requirements  to  the  final  standard,  for 
measuring  urinary  pH  and  creatinine  in 
urine,  as  specified  under  paragraph 
(l)(2)(ii)(B)(2),  because  the  Agency 
learned  that  they  are  needed  to 
standardize  and  control  the  accuracy  of 
measurements  of  cadmium  and  /32-M 
(Friberg,  Ex.  8-86,  Vol.  I,  pp.  83; 
Phadebas,  Exs.  L-140-1,  4-47.  L-140-45). 
Several  commenters  supported  the 
requirement  to  measure  creatinine  in 
urine  to  control  for  diuresis  if  they  do 
not  do  so  at  present  (Exs.  84, 19-40). 

Specifically,  OSHA  requires  the 
following  elements  in  the  periodic 
medical  examination  for  the  following 
reasons.  First,  under  paragraph 
(l)(4)(ii)(A)  the  Agency  requires  a 
detailed  medical  and  work  history  to 
provide  the  physician  with  information, 
including  employee  reported  symptoms, 
to  be  used  in  conjunction  with  a 
complete  physical  examination  and 
biological  monitoring.  This  information 
can  assist  the  physician  in  determining 
the  employee’s  health  status,  possible 
past  exposures  to  cadmium  or  other 
toxic  substances  that  may  have 
damaged  organs  or  systems  susceptible 
to  cadmium  toxicity,  and  suitability  for 
work  in  a  job  where  cadmium  exposure 
may  occur.  Questions  3-11  and  25-32  in 
appendix  D  are  a  required  part  of  the 
medical  history  because  they  relate  to 
the  increased  risk  of  kidney  disease, 
lung  cancer,  bronchitis,  fibrotic  lung 
changes,  and  emphysema-like  changes 
in  the  lung  that  can  occur  as  a  result  of 
cadmium  exposure  (Ex.  19-26).  The 
information  about  the  respiratory 
system  is  also  important  for  evaluating 
an  employee’s  fitness  for  respirator  use. 

Second,  a  complete  physical 
examination  is  required  to  enable  the 
physician  to  directly  and  more  broadly 
assess  the  health  status  of  the  employee 
and  to  pursue  any  other  indications  of 
potential  medical  problems  that  may  be 
relevant  to  cadmium  exposure.  In  the 
physical  examination,  the  physician  can 
assess  other  potentially  serious  adverse 


effects  associated  with  cadmium 
exposure,  like  dermatoses,  eye  irritation 
and  elevated  blood  pressure,  which  are 
beyond  OSHA’s  primary  focus  on 
kidney  and  lung  disease.  A  complete 
physical  examination  is  particularly 
useful  to  the  physician  when  exercising 
his  or  her  discretion  to  determine 
whether  the  employee  must  be 
medically  removed  from  exposure  to 
cadmium  under  paragraphs  (l)(3)(ii)— (iv). 

Third,  under  paragraph  (l)(4)(ii)(C)  a 
chest  X-ray  is  required  at  the  first 
periodic  medical  examination,  at  the 
termination  of  employment  examination 
(paragraph  (1)(8)),  and  periodically  as 
determined  by  the  examining  physician. 
An  initial  chest  X-ray,  although  not 
useful  for  preventing  lung  cancer,  can  be 
useful  for  diagnosing  lung  cancer  and 
other  non-malignant  lung  diseases 
which  are  caused  by  cadmium  exposure 
(e.g.,  Kazantzis  Tr.  6/8/90,  pp.  156-157), 
such  as  bronchitis,  fibrosis  and 
emphysema-like  changes  in  the  lung.  It 
also  provides  baseline  data  upon  which 
to  assess  any  subsequent  lung  function 
changes  (Ex.  19-26-F).  OSHA  is  leaving 
the  determination  of  frequency  of  chest 
X-rays  to  the  discretion  of  the  physician 
and  is  not  requiring  periodic  chest  X- 
rays  because  of  the  potential  risk  of 
adverse  effects  to  the  employee  from  too 
frequent  X-rays  (Ex.  19-14). 

Fourth,  pulmonary  function  tests  are 
required  to  provide  specific  information 
about  the  employee's  lung  capacity  and 
respiratory  flow  rate.  This  information  is 
useful  to  diagnose  bronchitis  and 
emphysema,  to  provide  baseline  data  on 
lung  function,  to  evaluate  any  loss  of 
lung  function,  and  to  provide  baseline 
information  of  lung  function  status  upon 
which  to  assess  any  subsequent  lung 
function  changes.  This  information  may 
also  be  useful  in  assessing  the  health  of 
employees  who  wear  respirators.  It  is 
recommended  that  pulmonary  function 
testing  be  conducted  in  accordance  with 
the  American  Thoracic  Society’s  criteria 
(Ex.  8-663). 

Fifth,  since  a  central  purpose  of  the 
medical  examination  is  to  provide 
further  information  on  the  critical  organs 
and  critical  effects  associated  with 
cadmium  exposure,  OSHA  has  included 
in  the  examination  additional  analyses 
of  blood  and  urine  and,  for  males  over 
40  years  of  age,  prostate  palpation  or 
other  at-least-as-effective  diagnostic 
test(s).  Specifically,  OSHA  has  included 
a  determination  of  the  blood  urea 
nitrogen  (BUN)  and  serum  creatinine 
levels  and  a  complete  blood  count. 
Elevations  in  BUN  and  serum  creatinine 
levels  are  indicative  of  kidney  disease. 
For  example,  BUN  and  serum  creatinine 
levels  increase  with  the  loss  of 
glomerular  filtration.  Although  BUN  and 


serum  creatinine  tests  are  not  cadmium 
specific,  they  do  provide  additional 
information  about  kidney  function  and 
kidney  disease  that  is  important  for 
physicians  to  know  in  determining  an 
employee’s  suitability  for  work  in  a 
cadmium-exposed  job  (Ex.  107). 
Regardless  of  whether  the  kidney 
disease  is  caused  primarily  by  cadmium 
from  occupational  sources,  and  indeed 
regardless  of  whether  the  kidney 
disease  is  cadmium  induced  at  all,  the 
very  existence  of  kidney  disease  in  a 
cadmium  exposed  worker  is  serious 
cause  for  concern.  OSHA  in  the  final 
standard  also  has  required  a  complete 
blood  count,  which  most  industry 
representatives  stated  was  a  very  useful 
test  for  cadmium  exposed  workers  (Dr. 
Bond,  Ex.  77;  Dr.  Hine,  ASARCO,  Ex. 

107;  but  see  Ex.  19-14). 

With  regard  to  additional  urine 
analysis,  OSHA  is  also  requiring  a 
determination  of  the  albumin,  glucose 
and  total  and  low  molecular  weight 
protein  levels.  W'hile  albumin  and 
glucose  tests  are  not  cadmium  specific, 
they  can  provide  additional  information 
about  kidney  function  and  kidney 
disease,  which  also  is  important  for 
physicians  to  know  in  determining  an 
employee’s  suitability  for  work  in  a 
cadmium-exposed  job  (Ex.  8-669-A). 
Elevated  levels  of  albumin  and  glucose 
in  urine  may  be  indicative  of  a  loss  of 
glomerular  function.  In  addition,  the 
increased  urinary  excretion  of  low 
molecular  weight  proteins  and  total 
proteins  (i.e.,  low  and  high  molecular 
weight  proteins  combined)  is  associated 
with  early  renal  damage. 

Prostate  palpation  or  other  equally 
effective  diagnostic  tests  are  required  to 
diagnose  prostate  cancer.  Cancer  of  the 
prostate  has  been  observed  among 
cadmium  exposed  workers  and  was  the 
first  indication  that  cadmium  exposure 
is  associated  with  cancer.  Although 
recent  studies  do  not  confirm  the 
association  between  cadmium  exposure 
and  death  from  prostatic  cancer,  OSHA 
believes  it  would  be  premature  and 
imprudent  at  this  time  to  act  as  if 
exposure  to  cadmium  did  not  increase 
the  risk  of  prostatic  cancer.  Indeed, 
many  scientists  and  physicians  attribute 
the  reduction  in  cadmium  induced 
prostate  cancer  death  rates  not  to  a  lack 
of  association  between  cadmium 
exposure  and  prostatic  cancer  but  to 
two  other  factors:  The  improved  early 
diagnosis  and  treatment  of  prostate 
cancer,  which  has  reduced  the  death 
rates  from  this  disease,  and  the  reduced 
levels  of  cadmium  exposure  (Ex.  19-42b; 
Environ  Report,  Ex.  12-39,  ATSDR,  Ex. 
8-689).  OSHA  therefore,  as  prudent 
public  health  policy,  requires  inclusion 
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of  prostate  palpation  or  other  equally 
effective  diagnostic  tests  for  prostate 
cancer  in  men  over  40,  the  primary 
target  group  for  prostatic  cancer. 

Finally,  OSHA  has  authorized  the 
physician  to  require  any  additional  tests 
deemad  medically  necessary.  OSHA 
believes  that  it  is  important  that  the 
examining  physician  have  such 
discretion  because,  notwithstanding 
statistical  probabilities,  individual 
susceptibilities  to,  and  tolerance  levels 
and  thresholds  for,  cadmium  toxicity 
differ.  The  physician  is  in  the  best 
position  to  specifically  determine  which 
additional  tests,  if  any,  would  be  useful 
in  evaluating  the  health  status  of  the 
individual  employee. 

Paragraph  (1)(5)  provides  for 
additional  actions  triggered  by  any 
unspecified  but  generally  accepted 
abnormal  findings  consistent  with 
cadmium  toxicity  that  are  identified 
through  medical  examinations.  For 
example,  in  his  guide  for  physicians  who 
medically  evaluate  workers  exposed  to 
cadmium,  Dr.  Lauwerys  indicates  that 
levels  of  total  protein  in  urine  above 
250-350  mg/g  Cr  may  require  additional 
medical  attention  and  referral  to  a 
nephrologist  (Ex.  8-447). 

In  devising  paragraph  this  medical 
surveillance  program,  OSHA  sought  to 
provide  objective  markers  for  action 
while  recognizing  that  single  monitoring 
results  generally  should  not  be  used  in 
isolation  from  other  results  or  other 
biological  parameters  or  a  holistic 
evaluation  of  the  worker’s  health  to 
determine  a  worker’s  fitness  for 
cadmium  exposed  work.  OSHA  tried  to 
provide  a  significant  role  for  physician 
discretion  in  this  evaluation,  without 
leaving  the  physician  devoid  of 
boundaries  on  his/her  discretion  and 
guidelines  to  action. 

Paragraph  (l)(6)(i)  requires  the 
employer  to  provide  a  limited  medical 
examination  prior  to  the  employee  using 
a  respirator  to  determine  the  employee’s 
fitness  for  wearing  a  respirator.  This  is  a 
change  from  the  proposal,  where  a  full 
medical  examination,  including 
elements  designed  to  test  the  employee’s 
fitness  to  wear  a  respirator,  was 
required  within  30  days  after  the 
employee  was  assigned  to  a  job 
requiring  the  use  of  a  respirator.  Based 
on  record  evidence  (Exs.  57, 19-22, 106), 
OSHA  believes  that  a  full  medical 
examination  is  not  necessary  to 
determine  the  employee’s  fitness  to 
wear  a  respirator  and  therefore  in  this 
final  standard  has  only  retained  those 
elements  of  the  full  medical  examination 
that  are  useful  to  such  a  determination. 
Based  on  comments  to  the  record  (e.g., 
ASARCO,  Ex.  107),  OSHA  also  believes 
that  the  examination  to  determine  an 


employee’s  fitness  to  wear  a  respirator 
should  be  performed  prior  to  the 
employee  using  a  respirator.  The 
examination  must  include  a  detailed 
medical  and  work  history,  with 
emphasis  on  questions  3-11  and  25-32  in 
appendix  D,  a  blood  pressure  test,  and 
any  other  tests  or  procedures,  such  as 
pulmonary  function  tests  or  a  physical 
examination,  that  the  examining 
physician  deems  appropriate.  OSHA  is 
requiring  a  detailed  medical  and  work 
history  with  specific  questions  about 
past  respiratory  and  cardiovascular 
problems,  smoking  history,  and  other 
medical  problems  that  might  either 
interfere  with,  or  be  exacerbated  by  the 
employee  wearing  a  respirator,  because 
this  information  should  be  gathered  and 
medically  assessed  prior  to  the 
employee  using  a  respirator. 

In  addition,  the  examining  physician 
under  (l)(6)(ii)  should  review  the  results 
of  any  biological  monitoring  of  the 
employee’s  CdU,  CdB  and  OSHA 
believes  that  the  examining  physician 
should  assess  these  biological  data 
indicating  whether  the  employee  has 
been  overexposed  to  cadmium,  has  an 
abnormally  high  body  burden  of 
cadmium,  or  has  kidney  disease  before 
the  physician  certifies  the  employee  as 
fit  to  wear  a  respirator  in  a  job  in  which 
the  airborne  cadmium  levels  are  above 
the  PEL. 

Where  the  employee  has  actually 
exhibited  difficulty  in  breathing  during  a 
respirator  fit  test  or  while  using  a 
respirator,  then,  under  paragraph 
(l)(6)(iii),  the  employer  is  required  to 
provide  a  full  medical  examination  in 
accordance  with  paragraph  (l)(4)(ii).  The 
examination  is  required  to  determine  the 
employee’s  fitness  to  continue  wearing  a 
respirator  and  his  or  her  health  status 
relative  to  further  exposure  to  cadmium. 

If  the  results  of  the  medical 
examination  under  paragraph  (l)(6){i)  or 
(iii)  are  abnormal,  medical  limitation  of 
respirator  use,  including  prohibition  of 
such  use  or  requiring  that  the  employee 
be  provided  with  a  more  appropriate 
respirator  (e.g.,  a  PAPR),  shall  be 
considered.  If  the  employee  is  allowed 
to  continue  to  wear  a  respirator  the 
physician  is  required  to  periodically 
evaluate  the  employee’s  continuing 
fitness  to  wear  a  respirator  as  often  as 
medically  necessary.  If  the  employee  is 
found  unable  to  wear  a  respirator,  he  or 
she  shall  be  medically  removed  under 
paragraph  (1)(11)  of  this  standard  from 
any  current  job  where  the  employee  is 
exposed  to  cadmium  above  the  PEL. 

In  addition  to  the  medical  surveillance 
required  in  paragraphs  (l)(2)-(6), 
paragraphs  (1)(7)  and  (8)  provide  for 
further  medical  examinations  in  the 
event  of  acute  exposure  to  cadmium 


because  of  an  emergency  or  upon 
termination  of  employment, 
respectively.  Emergency  examinations 
are  required  because  it  would  be 
imprudent  to  delay  evaluating  the  effect 
of  acute  exposure  to  cadmium  on  the 
employee  until  the  next  periodic  medical 
examination.  Indeed,  in  an  emergency, 
immediate  medical  attention  may  be 
necessary. 

The  employer,  with  one  exception,  is 
required  under  paragraph  (1)(8)  to 
provide  a  medical  examination  at  the 
termination  of  employment  to  all 
workers  to  whom  the  employer  at  any 
time  was  required  under  paragraph 
(l)(l)(i)  or  (1)(7)  to  provide  medical 
surveillance.  Thus,  for  example,  all 
workers  who  in  any  12  month  period 
after  the  effective  date  of  this  standard 
were  exposed  to  cadmium  at  or  above 
the  action  level  on  30  or  more  days  by 
the  employer  and  all  workers  who  had 
emergency  medical  examinations  would 
be  entitled  to  the  examination  required 
by  paragraph  (1)(8).  In  addition  all 
workers  exposed  prior  to  the  effective 
date  of  this  standard  who  were  covered 
by  medical  surveillance  also  would  be 
entitled  to  a  medical  examination  at 
termination  of  their  employment,  unless 
under  paragraph  (l)(8)(ii)  the  employer 
discontinued  periodic  medical 
surveillance  as  authorized  under 
paragraph  (l)(4)(v). 

This  requirement  is  somewhat 
different  from  the  proposal.  Under  the 
proposal  the  employer  would  have  had 
to  provide  a  termination  of  employment 
examination  to  all  employees  who  at 
any  time  had  been  eligible  for  a  full 
medical  exam  under  proposed 
paragraph  (1)(3).  However,  under  the 
proposal  employers  were  not  obligated 
to  provide  a  full  medical  exam,  or 
indeed  any  medical  surveillance  at  all, 
to  employees  who  had  been  exposed  by 
them  to  cadmium  exclusively  prior  to 
the  effective  date  of  this  standard.  The 
effect  of  the  proposal,  then,  would  have 
been  to  require  employers  to  provide 
examinations  at  termination  of 
employment  only  to  employees  who 
were  exposed  by  them  to  cadmium  at  or 
above  the  action  level  after  the  effective 
date  of  this  standard. 

Unlike  the  proposal,  the  final  standard 
does  cover  employees  who  may  have 
been  excessively  exposed  to  cadmium 
prior  to  the  effective  date  of  this 
standard.  However,  the  employer  would 
not  have  to  provide  these  employees 
with  a  termination  of  employment 
examination  if  their  biological 
monitoring  results  had  previously 
returned  to  “normal"  levels  and  periodic 
medical  surveillance  of  them  had  been 


42366  Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Rules  and  Regulations 


discontinued  in  accordance  with 
paragraph  (l)(4)(v). 

The  requirement  for  a  medical 
examination  at  the  termination  of 
employment  is  in  keeping  with  other 
OSHA  standards  (e.g.,  Asbestos,  Coke 
Oven  Emissions,  Arsenic.  Acrylonitrile, 
and  Ethylene  Oxide).  The  need  for  this 
requirement  in  the  cadmium  standard  is 
due,  in  part,  to  the  way  cadmium  is 
transported,  distributed,  and  stored  in 
the  body.  After  absorption,  cadmium  is 
transported  via  the  blood  stream  to 
other  body  parts,  where  it  is  bound  to 
proteins  and  stored.  Low  excretion  rates 
lead  to  a  very  efficient  retention  of 
cadmium  in  the  body.  The  biological 
half-life  of  cadmium  in  various 
compartments  of  the  body  ranges  from 
20-37  years  or  more  {Ex.  8-86-B).  It  is 
not  surprising,  then,  that  even  after 
cessation  of  exposure  to  cadmium  in  the 
workplace,  growing  evidence  indicates 
that  cadmium  stored  in  one  body 
compartment  can  be  transported  to  the 
kidney.  In  this  way,  cadmium 
proteinuria  may  develop  years  after 
exposure  in  the  workplace  has  ceased. 
There  is,  therefore,  little  tendency  for 
proteinuria  (e.g.,  /32-M>1000  p.g/g  Cr; 

Ex.  30),  to  decrease  after  removal  from 
external  cadmium  exposure  if  past 
cadmium  exposures  were  high  (Ex.  35). 
Instead  there  can  be  an  increase,  which 
is  substantial  for  some  workers,  and 
kidney  damage  can  progress  to  a  more 
severe  stage  of  disease  (Ex.  8-668). 
Consequently,  it  is  important  that  the 
employee’s  health  status  regarding 
cadmium  accumulation  in  the  body  be 
once  again  assessed  at  the  employee’s 
termination  of  employment. 

Failure  to  find  evidence  of  cadmium 
toxicity  in  the  examination  at 
termination  of  employment  should  not 
be  viewed  as  a  "clean  bill  of  health." 
Physicians  should  use  the  opportunity  of 
the  examination  to  once  again  advise 
the  employee  of  his/her  cadmium  body 
burden  and  prognosis,  and  to  make 
recommendations  for  medical 
management  and  follow  up.  For  the 
worker,  this  information  allows  him/her 
to  determine  the  courses  of  action 
necessary  to  sustain  health. 

As  part  of  the  medical  surveillance 
program  established  in  this  standard, 
the  employer  is  required  by  paragraph 
(1)(9)  to  provide  the  examining  physician 
with  the  following  information:  A  copy 
of  the  standard  and  its  appendices;  a 
description  of  the  affected  employee’s 
•  former,  current,  and  anticipated  duties 
as  they  relate  to  the  employee’s 
occupational  exposure  to  cadmium;  the 
employee's  former,  current,  and 
anticipated  future  levels  of  occupational 
exposure  to  cadmium;  a  description  of 


any  personal  protective  equipment  and 
respirators  used,  or  to  be  used  by  the 
employee,  including  when  and  for  how 
long  the  employee  has  used  that 
equipment;  and  results  from  previous 
biological  monitoring  and  medical 
examinations  that  were  provided  by  the 
employer  to  the  employee.  Making  this 
information  available  to  the  physician 
will  aid  in  the  evaluation  of  the 
employee's  health  and  fitness  for 
particular  cadmium-exposed  job 
assignments.  This  provision  is 
essentially  the  same  as  in  the  proposal 
(55  FR  4126). 

Under  paragraph  (1)(10),  the  employer 
is  required  to  obtain  a  written  opinion 
from  the  examining  physician  promptly 
after  a  medical  examination  of  an 
employee.  The  written  medical  opinion 
must  contain  the  results  of  the  medical 
examination  as  they  relate  to 
occupational  exposure  to  cadmium,  any 
detected  medical  conditions  relevant  to 
further  cadmium-exposure,  any 
recommended  restrictions  upon  the 
employee’s  exposure  to  cadmium  or 
upon  the  use  of  protective  clothing  or 
equipment,  and  other  elements  of 
(l)(10)(i)(A-E).  This  written  opinion  by 
the  physician,  which  is  given  to  the 
employer,  must  include  a  statement 
indicating  that  the  physician  has 
provided  the  results  of  the  tests,  the 
medical  examination,  any  diagnoses, 
and  an  evaluation  of  the  employee’s 
prognosis  to  the  subject  employee  in  a 
manner  that  appropriately  informs  the 
employee  of  the  results  of  the  tests.  A 
suggested  format  for  such  a  statement  is 
included  appendix  A.  The  physician  is 
not  to  reveal  to  the  employer  orally  or  in 
his/her  written  medical  opinion  specific 
findings  or  diagnoses  unrelated  to 
occupational  exposure  to  cadmium. 
Under  paragraph  (l)(15)(i),  the  employer 
must  give  a  copy  of  the  written  medical 
opinion  to  the  affected  employee  within 
two  weeks  after  receipt  thereof. 

The  purpose  of  requiring  the 
examining  physician  to  supply  the 
employer  with  a  written  opinion  is  to 
advise  the  employer  of  the  medical  basis 
for  determining  placement  of  employees 
in  cadmium-exposed  jobs.  The 
requirement  that  a  physician’s  opinion 
be  in  written  form  will  assure  that 
employers  have  had  the  benefit  of  this 
information  which  can  be  referred  to  as 
needed.  The  requirement  that  the 
written  medical  opinion  from  the 
examining  physician  include  the 
physician’s  diagnosis  and  prognosis  for 
the  employee  and  other  elements  stated 
in  paragraph  (l)(10)(i)(A-E)  is  to  assure 
that  the  employer  and  the  employee  are 
apprised  of  all  medical  information  that 
is  meaningful  and  relevant  to  the 


employee’s  initial  or  continued  exposure 
to  cadmium  in  the  workplace.  The 
requirements  that  the  written  medical 
opinion  be  promptly  provided  after  the 
examination  to  the  employe!'  and  that 
the  employer,  in  turn,  provide  a  copy  of 
the  physician's  written  opinion  to  the 
employee  within  two  weeks  of  its 
receipt  (paragraph  (l)(15)(i)  is  to  assure 
that  notice  of  potential  adverse  health 
effects  is  promptly  communicated  to  the 
employer  and  employee  so  as  to 
minimize  potential  risk  to  the 
employee’s  health. 

A  requirement  has  been  included  in 
paragraph  (l)(10)(i)(E)  that  the  employer 
obtain  a  statement  from  the  examining 
physician  that  the  employee  has  been 
informed  of  the  results  and  medical 
implications  of  the  medical  examination. 
It  is  the  employer’s  responsibility  to 
assure  that  the  employee  has  been  so 
informed.  A  suggested  format  for  such  a 
statement  is  provided  in  appendix  A.  In 
conjunction  with  the  requirement  that 
the  employee  must  be  provided  with  a 
copy  of  the  physician’s  written  opinion, 
OSHA  is  assured  that  the  employee  will 
be  informed  of  the  results  of  the  medical 
examination.  The  requirement  that  the 
physician  sign  the  opinion  is  to  assure 
that  the  information  that  is  given  to  the 
employer  has  been  seen  and  read  by  the 
physician  and  that  the  physician  has 
personally  determined  whether  the 
employee  may  continue  to  work  in 
cadmium-exposed  jobs. 

The  purpose  in  requiring  that  specific 
findings  or  diagnoses  unrelated  to 
occupational  exposure  to  cadmium  not 
be  included  in  any  oral  or  written 
opinion  provided  by  the  physician  to  the 
employer  under  paragraph  (l)(10)(iii)  is 
to  encourage  employees  to  take  the 
medical  examination  by  removing  any 
concern  that  the  employer  will  obtain 
adverse  information  about  their  health 
status  that  has  no  relation  to 
occupational  exposures.  This  provision 
has  been  included  in  prior  standards 
(e.g.,  final  arsenic  standard,  43  FR 
19621). 

Medical  Removal  Protection  (MRP) 

Paragraphs  (1)(11)  and  (1)(12)  provide 
for  medical  removal  protection  and 
medical  removal  protection  benefits, 
respectively.  These  paragraphs  apply 
only  to  workers  who  are  exposed  to 
cadmium  at  or  above  the  action  level. 
Paragraph  (1)(11)  generally  requires  the 
employer  to  remove  workers  from 
exposure  to  cadmium  on  each  occasion 
that  the  risk  of  material  impairment  to 
the  employee’s  health  or  functional 
capacity  from  continued  exposure  to 
cadmium  is  considered  too  high.  More 
specifically,  the  employer  must  remove 
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the  employee  from  excess  exposure  to 
cadmium  in  three  cases.  First,  the 
employee  must  be  removed  from 
exposure  at  or  above  the  action  level  on 
each  occasion  that  a  physician 
determines  in  a  written  medical  opinion 
that  medical  removal  is  required  under 
paragraphs  (1)(3)  and  (1)(4).  In 
accordance  with  these  paragraphs,  this 
determination  may  be  based  upon 
elevated  levels  of  the  employee’s  CdU, 
CdB  or  /32-M.  Alternatively,  the 
determination  may  be  based  on 
evidence  of  illness,  other  signs  of 
cadmium-related  dysfunction  or  disease, 
or  any  other  reason  deemed  medically 
sufficient  by  the  physician.  Second,  the 
employee  must  be  removed  from 
exposure  at  or  above  the  action  level 
where  medical  removal  is  mandatory 
under  paragraphs  (l)(3)(iii)  and(iv)(C) 
and(l)(4)(iv))  if  the  employee’s  levels  of 
CdU,  or  &-M  or  CdB  are  confirmed  to 
be  in  excess  of  the  trigger  levels 
specified  in  those  paragraphs.  Third,  the 
employer  must  remove  an  employee 
from  cadmium  exposure  above  the  PEL 
whenever  a  physician  determines  in  a 
written  medical  opinion  that  the 
employee  cannot  wear  a  respirator.  The 
MRP  provisions  apply  only  to  such  an 
employee  when  he/she  already  is 
functioning  in  a  job  where  a  respirator  is 
required  and  it  is  then  determined  that 
the  employee  is  unable  to  wear  a 
respirator  and  therefore  must  be 
removed.  MRP  does  not  apply  to  a  new 
employee  who  is  determined  in  a  pre¬ 
assignment  medical  examination  for 
respirator  use  to  be  unable  to  wear  a 
respirator.  Nor  does  it  apply  to  a  worker 
found  to  be  medically  unable  to  wear  a 
respirator  that  is  required  in  a  job  to 
which  the  worker  seeks  to  transfer  or  to 
a  worker  who  has  volunteered  to  wear  a 
respirator. 

Each  time  the  employee  is  medically 
removed  under  paragraph  (1)(11), 
paragraph  (1)(12)  requires  the  employer 
to  provide  medical  removal  protection 
benefits  for  up  to  a  maximum  of  18 
months,  thereby  maintaining  the 
employee's  total  earnings  and  other 
employment  rights  for  that  period  as  if 
the  employee  were  not  removed. 

Medical  removal  protection  (MRP),  in 
paragraph  (1)(11)  of  the  cadmium 
standard,  is  a  protective,  preventive 
health  mechanism  that  is  integrated 
with  the  medical  surveillance  provisions 
of  this  standard.  MRP  requires 
employers  to  temporarily  remove  from 
jobs  with  significant  exposure  to 
cadmium  those  employees  who  are 
discovered  through  medical  surveillance 
to  be  at  the  highest  risk  of  sustaining 
material  impairment  to  health  from 
continued  exposure  to  cadmium.  The 


medical  removal  protection  benefits 
(MRPB)  provisions  in  paragraph  (1)(12) 
of  the  standard  require  employers,  on 
each  occasion  that  an  employee  is 
medically  removed  under  paragraph 
(1)(11),  to  provide  temporary  economic 
protection  to  the  removed  employee. 

MRP  and  MRPB  have  previously  been 
included  in  OSHA’s  Lead  and  Benzene 
standards,  29  CFR  1910.1025  and 
1910.1028,  respectively.  The  MRP  and 
MRPB  provisions  of  this  standard  are 
modeled  upon  similar  provisions 
incorporated  in  the  lead  standard.  The 
lengthy  discussion  and  justification  for 
MRP  and  MRPB  provided  in  attachment 
C  to  that  standard  (43  FR  54440-73,  Nov. 
21, 1978)  are,  to  the  extent  relevant, 
hereby  adopted  in  this  preamble  to  the 
cadmium  standard. 

MRP,  contributes  directly  to  achieving 
one  of  the  aims  of  the  OSH  Act,  assuring 
to  the  extent  feasible  “that  no  employee 
will  suffer  material  impairment  of  health 
or  functional  capacity  even  if  such 
employee  has  regular  exposure  to  the 
hazard  dealt  with  by  the  standard  for 
the  period  of  his  working  life”  (Sec. 
6(b)(5)).  The  term  “material  impairment” 
is  not  defined  in  the  cadmium  standard 
since  it  encompasses  multifarious 
conditions.  However  for  purposes  of  this 
standard,  "material  impairment”  is 
intended  to  be  interpreted  as  broadly  as 
is  necessary  to  achieve  the  preventive 
purposes  of  the  Act.  “Material 
impairment,”  thus,  is  intended  to  include 
early  stage  diseases  and  medical 
dysfunctions  and  is  not  intended  to 
necessarily  imply  the  existence  of  overV 
illness,  irreversible  damage,  or  clinical 
symptoms.  In  practice,  the  term  will  be 
defined  in  a  manner  consistent  with 
sound  medical  practice  through  the 
physician  determination  mechanisms  in 
the  cadmium  standard. 

MRP  and  MRPB,  separately  and  in 
combination,  serve  three  main 
interrelated  purposes.  First,  together, 
they  increase  employee  participation 
and  confidence  in  the  standard’s 
medical  surveillance  program.  Second, 
by  requiring  the  employer  to  remove 
employees  with  the  highest  risk  of 
suffering  cadmium  induced  disease  from 
significant  exposure  to  cadmium  and  to 
provide  removed  employees  with 
enhanced  medical  surveillance,  MRP 
serves  both  to  prevent  the  onset  of 
disease  and  to  detect  and  minimize  the 
extent  of  existing  disease.  Third,  MRPB 
allocates  the  costs  of  medical  removal 
protection  to  employers.  The  medical 
surveillance  program  in  the  cadmium 
standard  represents  a  major  element  in 
OSHA’s  integrated  approach  to 
preventive  health  under  the  OSH  Act. 
The  success  of  the  preventive  approach 


crucially  depends  on  voluntary  and 
meaningful  worker  participation  in 
medical  surveillance. 

Medical  surveillance  can  only  be 
effective  in  preventing  (and  minimizing) 
disease  where  workers:  (1)  Voluntarily 
seek  medical  attention  when  they  feel 
ill;  (2)  refrain  from  efforts  to  conceal 
their  true  health  status;  and  (3)  fully 
cooperate  with  examining  physicians  to 
facilitate  accurate  medical  diagnoses 
and  effective  treatment.  This  sort  of 
employee  participation  and  cooperation 
cannot  be  evoked  by  coercion.  It  will 
occur  only  where  no  major  disincentives 
to  meaningful  worker  participation  exist. 
Without  such  participation,  it  would  be 
much  more  difficult,  if  not  impossible,  to 
adequately  monitor  workers’  health  and 
to  identify  workers  who  need  temporary 
medical  removal.  And  without  effective 
medical  surveillance,  the  overall 
protection  afforded  by  the  cadmium 
standard  would  be  substantially 
diminished. 

MRP  is  a  logical  and  natural 
culmination  of  medical  surveillance.  In 
order  to  protect  the  health  of  workers 
identified  by  the  medical  surveillance 
program  as  most  in  need  of  protection, 
MRP  mandates  temporary  removal  from 
significant  cadmium  exposure  and 
enhanced  medical  surveillance.  Without 
MRP,  employers  would  be  free  to 
maintain  high-risk  workers  in  their 
current,  high-exposure  jobs,  which 
would  not  be  sufficiently  protective  of  x 
their  health.  Alternatively,  employers 
could  choose  to  terminate,  temporarily 
lay  off,  or  transfer  those  workers  from 
higher-paying,  cadmium-exposed  jobs  to 
lower-paying,  less-exposed  jobs.  This 
might  be  protective  enough  but  it  could 
seriously  damage  workers’  livelihood. 

Under  such  conditions,  workers  would 
be  faced  with  a  painful  dilemma:  They 
could  decline  to  participate  in  medical 
surveillance  at  substantial  risk  to  their 
health,  or  they  could  agree  to  participate 
in  medical  surveillance  at  substantial 
risk  to  their  livelihood.  In  either  case, 
the  effectiveness  and  integrity  of  the 
medical  surveillance  program  would  be 
compromised.  In  such  circumstances, 
countless  workers  doubtless  would  be 
very  hesitant  to  participate  in  medical 
surveillance.  Consequently,  in  part  to 
safeguard  the  medical  surveillance 
program,  both  MRP  and  MRPB  have 
been  included  in  the  standard. 

With  MRP,  workers  are  assured  of 
being  removed  to  low  exposure  jobs 
when  necessary  to  protect  their  health. 
And  with  MRPB,  workers  are  assured 
that,  if  they  fully  participate  in  medical 
surveillance  and  if  the  results  of  medical 
surveillance  require  removal  from  their 
high-cadmium-exposure  jobs,  their 
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wages  and  job  status  will  be  protected 
for  an  extended  period  During  that 
period,  the  examining  physician  can 
determine  whether  the  removed 
workers'  health  has  sufficiently 
improved  so  they  may  be  returned  to 
their  previous  jobs,  or  they  must  be 
permanently  removed  from  further 
exposure. 

Viewed  as  a  means  to  achieve  the 
health  goals  of  the  standard,  temporary 
medical  removal  is  a  method  of  control, 
not  so  different  in  this  respect  from 
engineering  controls,  which  control 
airborne  cadmium  emissions. 
Implementing  MRP,  like  other  controls, 
necessarily  entails  certain  costs.  The 
employer,  for  example,  might  incur 
certain  costs  due  to  the  temporary  loss 
of  a  trained  and  experienced  employee. 
Without  MRPB,  a  removed  worker  might 
lose  substantial  earnings  or  other  rights 
or  benefits  by  virtue  of  the  removal. 
These  costs  are  a  direct  result  of 
reliance  on  MRP  to  protect  worker 
health. 

OSHA  considers  the  costs  of 
protecting  worker  health  to  be  an 
appropriate  cost  of  doing  business  since 
employers  are  obligated  by  the  OSH  Act 
to  provide  safe  and  healthful  places  of 
employment.  Consequently,  the  costs  of 
MRP,  like  the  costs  of  providing 
respirators  and  engineering  controls,  are 
placed  on  employers  rather  than  on  the 
shoulders  of  individual  workers 
unfortunate  enough  to  be  at  risk  of 
sustaining  material  impairment  to  health 
due  to  occupational  exposure  to 
cadmium.  Nevertheless.  MRP  should  not 
be  understood  as  an  alternative  to 
primary  control  of  workers’  exposure  to 
cadmium.  Rather,  MRP  is  intended  by 
OSHA  to  be  used  exclusively  as  fall¬ 
back  protection,  where  other,  primary  „ 
methods  of  controls  have  proven  to  be 
insufficiently  protective. 

Precisely  because  MRP  will  impose 
additional  costs  on  employers,  MRP  can 
increase  the  protection  afforded  workers 
by  the  cadmium  standard  not  only 
directly  by  improving  medical 
surveillance  but  also  indirectly  by 
providing  employers  with  economic 
incentives  to  comply  with  other 
provisions  of  the  standard.  The  costs  of 
MRP  are  likely  to  decrease  as  employer 
compliance  with  other  provisions  of  the 
standard  increases.  Employers  who 
comply  with  other  provisions  of  the 
standard  should  have  to  remove 
relatively  few  employees.  With  only  a 
small  number  of  employees  requiring 
removal,  complying  employers  are  more 
likely  to  be  able  to  find  positions 
available  to  which  removed  employees 
can  be  transferred.  By  contrast, 
employers  who  make  only  cursory 


attempts  to  comply  with  the  central 
provisions  of  the  cadmium  standard  are 
likely  to  find  that  the  greater  their 
degree  of  noncompliance,  the  greater  the 
number  of  employees  requiring  medical 
removal  and  the  greater  the  associated 
MRP  costs.  Thus,  MRP  serves  as  a 
strong  stimulus  for  employers  to  protect 
worker  health  and  rewards  employers 
who  through  innovation  and  creativity 
derive  new  ways  of  protecting  worker 
health  not  contemplated  by  the 
cadmium  standard. 

One  limiting  factor  on  the  potential  of 
MRP  to  prevent  disease  is  that,  once  an 
employee  has  developed  proteinuria 
(eg.,  /32-microglobulinuria),  in  many 
cases  medical  removal  can  only  slow 
and  minimize  the  progression  of  the 
disease  or  dysfunction  but  cannot 
necessarily  prevent  the  development  of 
more  serious  disease.  Medical  removal, 
by  severely  restricting  the  intake  of 
cadmium  on  the  job  while  providing 
time  for  natural  excretion  to  eliminate 
from  the  body  previously  absorbed 
cadmium  that  has  accumulated  in 
various  body  compartments,  will  effect 
a  net  decrease  in  the  body’s  cadmium 
burden.  However,  the  very  process  that 
reduces  the  overall  body  burden  of 
cadmium  leads  to  an  increase  in  the 
kidney  burden  of  cadmium  (though 
generally  to  a  smaller  increase  than  if 
the  employee  had  not  been  removed  at 
all  from  significant  exposure  to 
cadmium).  This  is  because  the  decrease 
in  overall  body  burden  of  cadmium  is 
achieved  through  the  excretion  of  CdU, 
.which  passes  through  the  kidney, 
thereby  increasing  the  amount  of 
cadmium  in  the  kidney,  where  it 
continues  to  cause  damage. 

Thus,  temporary  medical  removal  can 
protect  a  removed  employee  from 
additional  cadmium  exposure  but  may 
not  in  some  cases  be  a  mechanism  for 
restoring  normal  kidney  function  where 
cadmium-related  proteinuria,  or  more 
severe  cadmium-related  kidney  disease 
is  already  present.  For  workers  w'ho 
have  already  developed  cadmium 
induced  kidney  disease,  the  primary 
purpose  of  temporary  medical  removal 
is  to  provide  intense  medical 
surveillance  while  minimizing  both 
further  exposure  to  cadmium  and  further 
progression  of  the  dysfunction/disease 
during  the  period  in  which  diagnosis  and 
prognosis  of  the  individual’s  particular 
cadmium-related  dysfunction/disease 
can  be  fully  evaluated.  Consequently, 
early  detection  of  excess  exposure  to 
cadmium  through  medical  surveillance 
and  early  action  to  prevent  excess 
exposure  is  critical.  The  medical 
surveillance  program  and  the  MRP 
provisions  in  the  cadmium  standard 


were  devised  with  early  detection  and 
early  action  in  mind. 

Cadmium  is  naturally  excreted  very 
slowly  from  the  body.  It  is  excreted 
slowly  because  rapid  elimination  of 
cadmium  would  risk  overburdening  and 
damaging  the  kidney.  This  fact  has  two 
implications.  First,  because  of  the  risk  of 
kidney  damage  arising  from  the  rapid 
elimination  of  cadmium  from  the  body, 
current  methods  of  chelation  are  unsafe 
for  reducing  cadmium  in  the  body. 
Second,  since  there  is  no  safe  way  to 
accelerate  the  excretion  of  cadmium, 
natural  elimination  is  the  only  means 
that  can  be  relied  upon  to  reduce  body 
burden  and  even  this  may  not  be  "safe” 
(Friberg,  Ex.  29). 

Temporary  medical  removal  is  an 
indispensable  part  of  the  cadmium 
standard  for  two  major  reasons.  First, 
workers  who  have  not  already 
developed  irreversible  kidney  damage 
can  be  protected  by  temporary  medical 
removal.  Second,  more  specifically  in 
operations  and  industries  where 
engineering  controls  cannot  reduce 
airborne  cadmium  levels  to  the  PEL  and 
during  the  period  when  industries  are  in 
the  process  of  implementing  engineering 
controls,  workers  with  higher  exposures 
to  cadmium  will  have  to  place  increased 
reliance  on  respirators  for  protection. 
The  protection  afforded  by  respirators 
often  will  be  less  than  would  have  been 
afforded  by  engineering'  controls  and 
MRP  may  become  necessary.  Thus,  MRP 
can  provide  additional  protection  when 
it  is  especially  needed. 

As  indicated  above,  temporary 
medical  removal  is  mandated  in  three 
sorts  of  cases.  First,  under  paragraphs 
(l)(3)(ii)-(iv)  and  (l)(4)(iv),  the  employer 
must  remove  the  employee  whenever  a 
physician,  in  his  or  her  medical 
discretion,  determines  in  a  written 
medical  opinion  that  the  employee  shall 
be  removed.  The  requirement  that  the 
physician  make  such  a  determination  is 
driven  by  biological  monitoring  results, 
but  the  determination  itself  may  be 
based  upon  biological  monitoring 
results,  other  evidence  of  illness,  or  any 
other  reason  deemed  medically 
sufficient  by  the  physician.  However,  as 
stated  previously,  it  is  not  OSHA’s 
intention  that  workers  should  be 
removed  under  the  physician's 
discretionary  removal  authority  simply 
because  their  biological  monitoring 
results  exceed  the  minimum  trigger 
provided  in  paragraph  (l)(3){ii).  Second, 
under  paragraphs  (l)(3)(iii)-(iv)  and 
(l)(4)(iv),  the  employer  also  must  remove 
the  employee  whenever: 

(i)  The  employee's  CdU  exceeds  15 
pg/g  Cr;  or  CdB  exceeds  15  pg/lwb;  or 
the  level  of  /32-M  exceeds  1500  pg/g  Cr 
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and,  in  addition,  the  employee’s  CdU 
exceeds  3  pg/g  Cr  or  CdB  exceeds  5  pg/ 
lwb,  and  these  levels  are  confirmed  as 
specified  in  paragraph  (l)(3)(iii);  or 

(ii)  Beginning  on  January  1, 1999,  the 
employee’s  CdU  exceeds  7  pg/g  Cr,  or 
CdB  exceeds  10  pg/lwb,  or  the  level  of 
fc-M  exceeds  750  pg/g  Cr  and,  in 
addition,  the  employee’s  CdU  exceeds  3 
pg/g  Cr  or  CdB  exceeds  5  pg/lwb,  and 
these  levels  are  confirmed  as  specified 
in  paragraph  (l)(3)(iv). 

Thus,  under  paragraphs  (l)(3)(ii)— (iv) 
and  (l)(4)(iv)  removal  may  be  effected 
by  a  written  medical  determination  in 
which  the  physician  exercises  medical 
discretion  to  decide  whether  to  remove 
an  employee.  However,  where  the 
employee’s  biological  monitoring  results 
are  confirmed  to  exceed  the  trigger 
levels  set  out  in  paragraphs  (l)(3)(iii)-(iv) 
and  (l)(4)(iv),  that  alone  triggers 
mandatory  medical  removal,  and  there 
is  no  latitude  within  which  the  physician 
may  exercise  discretion. 

The  third  case  in  which  temporary 
medical  removal  is  mandated  is  where 
the  employee  is  exposed  to  cadmium 
above  the  PEL  and  a  physician 
determines  in  a  written  medical  opinion 
that  the  employee  cannot  wear  a 
respirator  (paragraphs  (l)(6)(iii)-(iv)  and 
(l)(ll)(ii)).  For  any  employee  who  is 
removed  because  of  the  employee’s 
inability  to  wear  a  respirator,  the 
employer  under  paragraph  (l)(ll)(i)(D)  is 
required  to  provide  follow-up  medical 
examinations  at  least  every  six  months 
until  the  examining  physician  in  a 
written  medical  opinion  determines  that 
the  employee  either  may  be  returned  to 
his  or  her  normal  job  or  must  be 
permanently  removed  from  exposure  to 
cadmium  above  the  PEL.  The  follow-up 
examinations  are  to  monitor  the  health 
status  of  the  employee  insofar  as  it  may 
be  relevant  to  the  employee’s  ability  to 
wear  a  respirator  and  to  reassess  that 
ability  so  that  the  decision  to  return  the 
employee  to  his  or  her  normal  job  or  to 
permanently  remove  the  employee  from 
work  with  exposure  to  cadmium  above 
the  PEL  can  be  made  as  expeditiously  as 
is  medically  prudent. 

For  employees  who  are  removed 
because  they  experience  difficulty 
breathing  during  use  of,  or  fit  testing  for, 
respirators,  additional  tests  are  required 
to  medically  evaluate  the  reasons  for  the 
employee’s  inability  to  wear  a 
respirator,  such  as  changes  in 
cardiopulmonary  function.  For  these 
workers,  who  were  exposed  to  cadmium 
above  the  PEL  prior  to  being  found  to  be 
unable  to  wear  a  respirator,  it  is  also 
prudent  to  monitor  their  possible 
overexposure  to  cadmium. 

The  specific  requirements  of  MRP,  set 
out  in  paragraph  (1)(11)  of  this  standard, 


are  written  to  achieve  all  the  purposes 
discussed  above.  Under  paragraph 
(l)(ll)(i),  the  employer  must  remove  any 
employee  from  work  where  exposure  to 
cadmium  is  at  or  above  the  action  level 
on  each  occasion  that  the  employee’s 
relevant  biological  monitoring  test 
results  exceed  any  of  the  mandatory 
medical  removal  triggers  specified  in 
paragraphs  (1)(3)  or  (1)(4)  of  the  standard 
and  on  each  occasion  that  a  physician 
determines  in  a  written  medical  opinion 
that  the  employee  should  be  removed 
from  such  exposure.  As  stated  above, 
the  physician’s  determination  may  be 
based  on  biological  monitoring  results; 
evidence  of  illness,  other  signs  or 
symptoms  of  cadmium-related 
dysfunction  or  disease;  or  any  other 
reason,  except  inability  to  wear  a 
respirator,  deemed  medically  sufficient 
by  the  physician  to  indicate  that  the 
employee  has  a  medical  condition  that 
places  the  employee  at  increased  risk  of 
material  impairment  to  health  from 
further  exposure  to  cadmium  at  or  above 
the  action  level. 

The  biological  monitoring  test  results 
that  provide  the  central  criteria  for 
removal  are  established  in  paragraphs 
(l)(3)(ii)-(iv)  based  on  medical  evidence 
that  workers  with  results  above  these 
levels  are  at  substantially  increased  risk 
of  cadmium-induced  illness  and 
dysfunction.  The  levels  that  were 
selected  as  triggers  for  each  of  the 
progressively  enhanced  tiers  of  medical 
surveillance,  and  ultimately  for  medical 
removal,  generally  must  be  avoided  to 
prevent  an  increasing  risk  of  cadmium 
related  dysfunction  and  disease.  The 
decision  to  remove  an  employee  with 
CdU,  CdB  or  /32-M  at  or  below  the 
mandatory  removal  levels  is  left  to  the 
discretion  of  the  examining  physician 
because  he/she  is  best  able  to  make  that 
judgment  based  upon  all  the  available 
medical  evidence  concerning  the 
particular  employee.  However,  when  the 
employee’s  biological  monitoring  results 
are  confirmed  to  exceed  these  trigger 
levels,  the  accompanying  risk  of 
significant  adverse  effects  to  the 
employee’s  health  is  enhanced,  and  the 
decision  to  medically  remove  becomes 
mandatory. 

In  most  cases  in  which  a  worker  is 
removed  for  medical  reasons,  the 
standard  provides  for  removal  from 
work  having  an  exposure  to  cadmium  at 
or  above  the  2.5  pg/m3  action  level  on 
any  day.  This  limitation  on  the  level  of 
cadmium  to  which  a  removed  worker 
can  be  exposed  was  selected  for  three 
reasons:  First,  to  assure  that  the 
removed  worker  would  not  be  exposed 
to  cadmium  at  a  level  high  enough  to 
further  increase  the  risk  to  his  or  her 
health;  second,  to  assure  that  the  level 


of  cadmium  to  which  the  removed 
worker  might  be  exposed  would  be  low 
enough  to  facilitate  a  net  decrease  in  the 
employee's  body  burden  of  cadmium, 
with  the  aim  of  restoring  normal  levels 
of  cadmium  in  the  measured 
compartments  of  the  body,  so  that  the 
employee  could  be  returned  to  his  or  her 
former  job  status;  and  third,  where 
cadmium-induced  disease  or 
dysfunction  has  already  occurred,  to 
minimize  further  progression  of  the 
existing  condition.  Nevertheless,  OSHA 
recognizes  that  situations  may  arise  in 
which  removal  of  workers  to  jobs  with 
airborne  cadmium  exposure  just  below 
the  action  level  would  be  inadequate  to 
protect  the  worker’s  health.  These 
situations  can  and  should  be  dealt  with 
by  the  examining  physician  on  an 
individual  basis  in  the  course  of  a 
thorough  medical  examination 
conducted  pursuant  to  the  standard. 
Although  the  standard  embodies  the 
judgment  that,  at  a  minimum,  all 
removed  workers  must  be  removed  from 
work  having  an  exposure  to  cadmium  at 
or  above  the  action  level,  it  does  not 
restrict  a  physician  from  recommending 
actions  more  protective  than  the 
standard’s  requirements  where 
necessary  to  protect  the  health  of 
individual  workers. 

As  stated  above,  under  paragraph 
(l)(ll)(i)(D),  employees  who  are 
medically  removed  must  be  given 
follow-up  medical  examinations  every 
six  months  until  in  a  written  medical 
opinion  the  examining  physician 
determines  that  the  employee  either  may 
be  returned  to  his/her  former  job  status 
or  must  be  permanently  removed  from 
cadmium  exposure  at  or  above  the 
action  level.  It  is  important  that 
employees  on  medical  removal  receive 
semiannual  medical  examinations. 
Because  cadmium  is  excreted  in  the 
urine,  which  must  pass  through  the 
kidney,  the  burden  of  cadmium  in  the 
employee’s  kidney  is  likely  to  increase 
for  a  time  while  the  employee  is  on 
medical  removal.  Therefore,  it  is 
imperative  that  the  employee’s  health, 
and  in  particular  the  employee’s  kidney 
function,  diet,  smoking  habits,  use  of 
medication,  and  water  intake,  be  strictly 
monitored  throughout  the  natural 
process  of  reducing  the  amount  of 
cadmium  accumulated  in  the  employee’s 
body. 

In  general,  the  medical  basis  for 
returning  the  employee  effectively  is  a 
finding  by  the  physician  that  the 
employee  no  longer  has  a  medical 
condition  that  places  him  or  her  at 
increased  risk  of  material  impairment  .0 
health  from  exposure  to  cadmium  at  01 
above  the  action  level.  However,  for 
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employees  who  were  removed  because 
of  abnormally  high  biological  monitoring 
results,  with  the  single  exception  set  out 
in  paragraph  (l)(ll)(v)  which  is 
discussed  immediately  below,  no 
employee  may  be  returned  to  a  job 
where  he/she  will  be  exposed  to 
cadmium  at  or  above  the  action  level 
until  his/her  biological  monitoring 
results  fall  to  or  below  the  return  trigger 
levels  specified  in  paragraph  (l)(ll)(iv), 
that  is,  until  CdU  falls  to  or  below  3  p,g/ 
g  Cr,  CdB  falls  to  or  below  5  pg/lwb, 
and  02-M  falls  to  or  below  300  pg/g  Cr. 
These  levels  are  below  levels  at  which 
the  standard  requires  the  examining 
physician  to  consider  discretionary 
removal.  Return  of  a  removed  employee 
is  generally  not  permitted  until  the 
employee’s  biological  monitoring  results 
have  fallen  to  low  levels  in  order  to 
assure  that  workers  who  have  been 
removed  because  of  overexposure  to 
cadmium  are  not  returned  to  significant 
exposure  to  cadmium  until  their  body 
burden  of  cadmium  is  sufficiently  low. 

However,  in  paragraph  (l)(ll)(v),  the 
standard  does  provide  one  narrow 
exception  to  this  requirement.  In  rare 
cases,  where  in  the  physician’s 
professional  opinion  continued  exposure 
will  not  pose  an  increased  risk  to  the 
employee’s  health  (e.g.,  the  potential 
decrements  to  the  employee’s  kidney 
function  are  not  projected  to  be  any 
greater  if  the  employee  were  permitted 
to  continue  on  the  job  than  they  would 
be  if  the  employee  were  removed)  and 
there  are  special  circumstances  making 
continued  medical  removal  particularly 
problematic  for  the  employee,  the 
examining  physician  in  a  written 
determination  may  return  a  worker  to 
his  or  her  former  job  status  despite  what 
would  otherwise  be  unacceptably  high 
biological  monitoring  results.  OSHA 
recommends  that  the  physician  consider 
the  use  of  this  narrow  exception  for 
particular  employees  only  after  two 
quarterly  biological  monitoring  results 
have  been  obtained  after  medical 
removal  (i.e.,  no  sooner  than  six  months 
after  the  worker  has  been  medically 
removed  due  to  elevated  biological 
monitoring  results).  Six  months  will 
provide  a  minimum  period  of  time 
during  which  a  physician  must  try  to 
determine  if  existing  damage  is 
cadmium  related,  and  if  so  whether  such 
damage  is  permanent.  In  cases  where 
the  employee  is  permitted  to  return  to 
work  under  this  exception,  the  employee 
should  continue  to  be  medically 
monitored  as  if  he/she  were  still  on 
medical  removal  until  such  time  as  the 
employee’6  biological  monitoring  results 
have  decreased  to  or  below  levels  of 


CdU  of  3  pg/g  Cr,  CdB  of  5  pg/lwb,  and 
/32-M  of  300  p.g  g  Cr. 

The  purpose  of  this  exception,  which 
OSHA  intends  to  be  used  with  extreme 
care,  is  to  provide  some  flexibility 
where  it  is  reasonably  clear  that 
returning  the  worker  to  his/her  normal 
job  is  unlikely  to  adversely  affect  the 
employee’s  health  and  the  alternative  to 
return  is,  for  all  practical  purposes, 
much  more  drastic  for  the  employee; 
e.g.,  termination  of  the  employee  from 
his  job  with  loss  of  pension  benefits. 
Depending  upon  the  particular 
circumstances,  a  decision  to  return  a 
worker  with  high  biological  monitoring 
results  might  be  justified,  for  example, 
when  an  employee  has  been  on  medical 
removal  for  18  months,  is  about  to  retire, 
and  the  time  that  the  employee  will 
continue  to  be  occupationally  exposed 
at  or  above  the  AL  is  very  limited;  e.g.,  a 
few  months.  When  the  physician  does 
authorize  return  of  the  employee  in  such 
cases,  the  physician  may  require  the 
employer  to  provide  the  employee  with 
additional  protection,  such  as  a  supplied 
air  respirator  operated  in  a  positive 
pressure  mode.  In  any  event,  the 
decision  to  return  the  employee  should 
be  made  only  after  the  physician  has 
fully  explained  the  relevant  facts  and 
prognoses  to,  and  fully  consulted  with 
the  employee. 

As  discussed  above,  under  paragraphs 
(l)(6)(ii)  and  (l)(ll)(ii),  medical  removal 
also  is  required  whenever  an  examining 
physician  determines  in  a  written 
medical  opinion  that  an  employee 
cannot  wear  a  respirator  and  must  be 
removed  from  a  job  with  exposures  to 
cadmium  above  the  PEI.. 

Under  paragraph  (l)(ll)(i)(B),  an 
employer  who  is  required  to  medically 
remove  an  employee  must  do  so 
regardless  of  whether  at  the  time  of 
removal  a  job  is  available  into  which  the 
removed  employee  may  be  transferred. 

If  no  such  job  is  available,  the  employer 
must,  nonetheless,  pay  full  MRP  benefits 
to  the  employee  even  though  the 
employee  is  effectively  medically  laid 
off.  Initially,  this  might  be  costly  to 
employers.  However,  after  the  initial 
adjustment  period  during  which  workers 
who  were  excessively  exposed  to 
cadmium  prior  to  promulgation  of  this 
standard  will  have  to  be  medically 
monitored  and,  where  necessary, 
removed  in  accordance  with  the  medical 
surveillance  and  MRP  provisions  of  this 
standard,  MRP  costs  should  be  quite 
low.  The  provisions  of  this  standard 
requiring  employers  to  control 
workplace  airborne  cadmium  levels  to 
the  PEL  in  conjunction  with  the  tiered 
structure  of  enhanced  medical 
surveillance  and  other  ancillary 


provisions  should  prevent  the  vast 
majority  of  workers  from  being 
excessively  exposed  to  cadmium. 
Consequently,  on  the  one  hand, 
employers  who  promptly  come  into 
compliance  with  the  provisions  of  the 
standard  should  encounter  very  few 
workers  who  require  temporary  medical 
removal  at  any  one  time,  and  on  the 
other,  exposure  levels  in  most  jobs 
should  be  controlled  to  levels  low 
enough  so  that  removed  workers  may  be 
transferred  into  those  jobs.  OSHA, 
therefore,  expects  employers  to 
experience  only  a  minimal  economic 
impact  from  MRP  after  the  initial 
adjustment  period. 

Paragraph  (l)(ll){vi)  deals  with 
"voluntary"  medical  removals  and 
limitations  by  employers.  Where  an 
employer,  although  not  required  by  the 
standard  to  do  so,  removes  an  employee 
from  exposure  to  cadmium  or  otherwise 
places  limitations  on  the  employee’s 
exposure  to  cadmium  because  of  the 
effects  of  cadmium  exposure  on  the 
employee’s  medical  condition,  the 
employer  must  provide  the  employee 
with  the  same  MRP  benefits  (MRPB)  as 
if  the  removal  had  been  required  under 
paragraph  (1)(11).  The  purpose  of  this 
paragraph  is  to  prevent  employers  from 
avoiding  the  requirements  of  paragraphs 
(1)(11)  and  (12)  by  voluntarily  removing 
employees  for  medical  reasons  before 
those  paragraphs  would  otherwise 
require  removal  and  payment  of  MRP 
benefits.  Without  this  provision 
regarding  voluntary  removal,  MRP, 

MRPB  and  medical  surveillance  might 
be  subverted  by  the  actions  of 
unscrupulous  employers. 

Paragraph  (1){12)  of  this  standard 
deals  with  MRP  benefits.  Under  that 
paragraph,  the  employer  is  required  to 
provide  up  to  18  months  of  MRP  benefits 
to  a  worker  on  each  occasion  that  he  or 
she  is  medically  removed  from  exposure 
to  cadmium  in  accordance  with 
paragraph  (1)(11).  As  stated  above, 
OSHA  is  requiring  that  MRP  benefits  be 
provided  in  response  to  workers’ 
understandable  fears  that  participating 
in  the  medical  surveillance  program 
required  by  the  cadmium  standard 
otherwise  might  lead  to  a  loss  of  their 
jobs  and  job  benefits.  Although  MRPB 
cannot  entirely  eliminate  that  possibility 
(e.g.,  where  a  worker  has  suffered 
irreversible  damage  to  his  or  her  health 
that  requires  permanent  removal  from 
exposure  to  cadmium),  workers  will  be 
protected  for  a  considerable  time  from 
loss  of  income,  job,  seniority  and  all 
other  employee  rights  and  benefits  due 
to  temporary  medical  conditions  that 
may  require  their  removal  from 
exposure  to  cadmium  at  or  above  the 
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action  level.  Moreover,  even  for  workers 
who  must  be  permanently  removed, 
MRPB  protects  the  workers’  wages  and 
rights  and  benefits  during  the  period 
needed  to  determine  that  permanent 
removal  is  required.  Thus,  MRPB  largely 
removes  an  important  disincentive  to 
voluntary  participation  by  employees  in 
medical  surveillance. 

OSHA  selected  18  months  as  the 
maximum  period  during  which  MRPB 
might  have  to  be  paid  for  several 
reasons.  First,  OSHA  wanted  to  provide 
benefits  for  a  period  that  was  long 
enough  so  that  the  vast  majority  of 
removed  employees  who  could  be 
returned  to  their  former  job  status  would 
be  able  to  be  returned  before  their 
MRPB  ran  out.  Second,  the  18-month 
period  for  MRP  benefits  appears  to  have 
worked  well  in  the  lead  standard  (see  29 
CFR  1910.1025  (k)(2)).  Cadmium,  like 
lead,  is  a  heavy  metal  with  a  long  half- 
life  in  the  body. 

OSHA  believes  that,  with  medical 
removal,  elevated  levels  of  CdU,  CdB 
and  01-M  can  be  reduced  over  time  to 
safe  levels  in  many  employees  who  have 
not  been  so  overexposed  to  cadmium 
that  they  have  suffered  resulting 
permanent  damage  to  their  health. 
However,  how  long  it  will  take  for 
employees  with  elevated  levels  to  return 
to  safe  levels  is  not  precisely  known. 

The  amount  of  time  needed  will  depend 
upon  three  interrelated  factors:  the 
employee’s  current  burden  of  cadmium 
or  level  of  /3a-M;  the  employee’s  rate  of 
excretion  of  cadmium:  and  the  extent  of 
any  continuing  exposure  to  cadmium. 
The  exact  rate  of  natural  excretion  of 
accumulated  cadmium  from  an 
employee’s  body,  in  turn,  depends  upon 
several  factors,  e.g.,  past  and  recent 
exposures,  and  body  burden  (Ex.  29). 
Since  the  half-Hfe  of  cadmium  in  some 
compartments  of  the  body  is  very  long, 
and  in  most  compartments  is  even 
longer  than  the  half-life  of  lead  in  bone, 
i.e.,  20  years  (Ex.  8-668),  OSHA  has 
concluded  that  nothing  less  than  the  18- 
month-MRPB  period  provided  in  the 
lead  standard  should  be  applied  to 
cadmium  exposed  workers.  This  is  a 
change  from  the  cadmium  proposal, 
which  authorized  a  maximum  of  six 
months  for  MRP. 

Based  on  its  experience  with  MRP  in 
practice  in  the  lead  standard,  the 
toxicological  similarities  between  lead 
and  cadmium,  and  the  best  available 
evidence  on  cadmium,  OSHA  believes 
that  most  workers  removed  from 
significant  exposure  to  cadmium  who 
can  be  returned  to  their  former  job 
status  because  of  "normal”  biological 
monitoring  results  will  be  returnable 
within  considerably  less  time  than  18 


months.  According  to  De  Silva,  when 
exposures  end,  CdU  and  CdB  levels  fall 
during  the  first  year  (Ex.  8-716).  Dr. 
Friberg  stated  that  after  cessation  of 
exposure,  cadmium  concentrations  in 
blood  rapidly  decrease  with  a  half-time 
of  two  to  three  months  (Ex.  29).  This 
decrease  is  related  to  body  burden. 

After  the  rapid  decrease,  CdB  levels 
decrease  more  slowly  depending  upon 
recent  and  past  exposures.  Furthermore, 
in  some  cases  a  high  urinary  cadmium 
excretion  may  be  seen  after  short-term 
exposures  that  have  been  very  high, 
even  without  renal  dysfunction  (Ex.  29). 

If  examining  physicians  seek  to 
prevent  the  onset  of  kidney  disease  by 
prudent  early  responses  to  protect 
workers,  e.g.,  by  temporarily  removing  a 
worker  whose  CdU  level  is  well  below, 
say,  10  pg/g  Cr  from  exposure  to 
cadmium  at  or  above  the  action  level, 
nearly  all  such  workers  should  be 
returnable  well  within  18  months.  For 
those  workers  whose  levels  have  not 
fallen  into  the  “normal"  or  safe  range 
within  18  months,  OSHA  expects  that 
continued  temporary  removal  typically 
will  serve  no  useful  medical  purpose 
since  the  damage  done  to  their  health  is 
likely  to  be  beyond  restoration. 

More  generally,  the  medical 
determination  as  to  whether  a  removed 
employee  may  be  returned  to  his  or  her 
former  job  status  can  only  be  made  after 
a  medical  examination,  which  the 
employer  is  required  to  provide.  The 
employer  must  continue  to  provide  MRP 
benefits  until  a  final  medical 
determination  is  made  that  either  the 
worker  can  be  returned  to  his  or  her 
former  job  status  and  the  worker  is 
returned  or  the  worker  is  incapable  of 
ever  safely  returning  to  his  or  her  former 
job  status  and  the  worker  is 
permanently  removed  by  a  written 
medical  determination  from  exposure  to 
cadmium  at  or  above  the  action  level. 

Former  job  status  refers  to  the 
position  the  worker  would  likely  be 
occupying  if  he  or  she  had  never  been 
removed.  For  example,  if,  but  for  a 
temporary  medical  removal,  a  worker 
would  now  be  working  at  the  same 
position  held  just  before  removal,  then 
the  employer  must  return  the  worker  to 
that  job.  Otherwise,  the  employer  may 
return  the  worker  to  a  job  that  is 
consistent  with  whatever  job 
assignment  discretion  the  employer 
would  have  had  if  no  removal  had 
occurred. 

The  standard  also  provides  in 
paragraph  (l)(12)(iv)  that  the  employer 
may  condition  the  provision  of  MRP 
benefits  upon  the  employee’s 
participation  in  medical  surveillance. 
Thus,  the  standard  does  not  directly 


mandate  worker  participation  in 
medical  surveillance,  but  rather  permits 
the  employer  to  deny  economic 
protection  to  employees  who  are 
unwilling  to  participate  in  medical 
surveillance. 

This  may  constitute  a  modification  of 
a  similar  provision  in  paragraph 
(k)(2)(iii)  of  the  lead  standard.  In  that 
standard,  the  employer  is  expressly 
authorized  to  condition  provision  of 
MRP  benefits  upon  an  employee’s 
participation  in  follow-up  medical 
surveillance  while  the  employee  is 
medically  removed.  The  express 
authorization  in  the  cadmium  standard 
authorizes  the  employer  to  condition 
provision  of  MRP  benefits  on  an 
employee’s  participation  in  medical 
surveillance  provided  pursuant  to  this 
standard,  whether  that  surveillance  is 
prior  to  or  during  medical  removal. 

OSHA  provides  this  authorization  for 
several  reasons.  First,  as  indicated,  one 
of  OSHA’s  primary  purposes  in 
requiring  the  employer  to  establish  a 
medical  surveillance  program  pursuant 
to  this  standard  is  to  prevent 
occupational  disease  associated  with 
exposure  to  cadmium.  This  can  be  most 
effectively  accomplished  when  all 
employees  participate  in  medical 
surveillance,  which  can  provide  early 
warning  signals  and  thereby  minimize 
the  risk  of  disease.  If  an  employer 
conditions  the  availability  of  MRP 
benefits  upon  an  employee's 
participation  in  medical  surveillance 
generally,  the  employee  will  have  strong 
incentive  to  participate.  Within  the 
bounds  of  reason  and  what  is  lawful 
under  the  OSH  Act,  OSHA  supports 
efforts  to  encourage  and  facilitate 
employee  participation  in  medical 
surveillance. 

Second,  since  the  employer  must  bear 
the  financial  burden  of  medical  removal, 
the  employer  has  a  legitimate  interest  in 
minimizing  the  need  for  medical 
removal.  But,  unless  employees 
participate  in  medical  surveillance,  the 
employer  may  not  be  able  to  identify 
who  among  them  may  require  additional 
protective  measures  to  reduce  their 
exposure  to  cadmium  before  medical 
removal  is  indicated.  Thus,  if  an 
employee  does  not  participate  in 
medical  surveillance,  an  employer  may 
not  learn  that  the  employee's  absorption 
of  cadmium  is  approaching  dangerous 
levels  until,  for  example,  the  employee 
becomes  symptomatic  or  learns  from 
some  other  source  that  certain  of  his 
biological  parameters  are  elevated.  At 
that  point,  the  employer  may  be  left  with 
no  alternative  but  to  medically  remove 
the  employee. 
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In  authorizing  the  employer  to 
condition  provision  of  MPR  benefits 
upon  an  employee’s  participation  in  the 
medical  surveillance  required  by  this 
standard,  OSHA  does  not  intend  to 
authorize  the  employer  to  deny  MRP 
benefits  for  insignificant  or  irrelevant 
lapses  in  such  participation.  The 
employee’s  actions  should  be  assessed 
reasonably,  in  light  of  the  goal  of 
prevention  of  disease  and  the 
employer’s  interest  in  minimizing  the 
need  for  medical  removal.  So  long  as  the 
employee's  lapses  in  participation  do 
not  frustrate  the  goal  of  disease 
prevention  and  the  employer’s  interest 
in  gaining  early  warning  that  an 
employee  may  need  to  be  medically 
removed  if  steps  are  not  taken  to  reduce 
the  employee’s  absorption  of  cadmium, 
the  lapses  do  not  constitute  grounds  for 
denial  of  medical  removal  protection 
benefits.  Thus,  for  example,  if  an 
employee  did  not  show  up  once  or  twice 
for  scheduled  medical  surveillance  or 
even  if  the  employee  did  not  participate 
for  a  substantial  period  of  time  in 
medical  surveillance.,  so  long  as  the 
employee’s  participation  was  timely 
enough  for  the  employee  and  employer 
to  be  on  notice  that  the  employee's 
biological  monitoring  results  and/or 
other  signs  and  symptoms  are  indicative 
of  an  increased  risk  of  cadmium 
associated  disease,  the  employer  is  not 
authorized  to  deny  MRP  benefits.  The 
point  is  that  the  authorization  provided 
by  this  paragraph  is  not  intended  to  be 
used  as  an  excuse  to  wrongfully  deny 
employees  MRP  benefits. 

In  paragraph  (l)(12)(ii)  of  the  standard, 
the  MRP  benefits  that  the  employer  is 
required  to  provide  are  the  "total  normal 
earnings,  seniority,  and  all  other 
employee  rights  and  benefits”  of  a 
removed  or  medically  limited  worker  as 
if  the  worker  had  not  been  removed  or 
otherwise  limited.  The  purpose  of  this 
requirement  is  to  assure  that  a  removed 
worker  suffers  neither  economic  loss  nor 
loss  of  employment  opportunities  due  to 
the  removal.  Thus,  for  example,  if  a 
removed  employee  typically  earned 
overtime  pay  on  the  job  from  which  he 
or  she  was  removed  and  would  have 
continued  to  do  so  during  the  removal 
period,  then  MRPB  must  include  the 
amount  of  that  overtime  as  part  of  the 
employee's  “total  earnings." 

Under  paragraph  (1)(13),  a  multiple 
physician  review  (MPR)  mechanism  is 
included  in  the  medical  surveillance 
provisions  of  the  final  cadmium 
standard,  which  gives  workers  the 
opportunity  to  obtain  a  second  and 
possibly  a  third  opinion  regarding 
medical  findings,  recommendations  or 
determinations  made  pursuant  to  the 


standard.  Although  MPR  was  not 
included  in  the  proposed  cadmium 
standard,  OSHA  in  that  proposal 
expressly  stated  that  it  believed  MPR 
“might  be  necessary  and  appropriate" 
and  requested  comments  on  the  matter 
(55  FR  4115).  Written  comments  and 
testimony  were  received  on  this  issue 
(Ex.  29,  Tr.  6/6/90.  pp.  110-111;  Exs.  19- 
43;  123).  Most  of  the  testimony  and 
comments  supported  the  need  for 
including  MPR  in  the  final  cadmium 
standard. 

According  to  Dr.  Friberg: 

*  *  *  it  would  be  very  difficult  for  the 
industrial  physician  to  come  up  with  wise 
decisions  *  *  *  in  all  circumstances  *  *  *  a 
multi-medical  evaluation  could  be  of  value  as 
soon  as  there  is  any  *  *  *  decision  that  is  of 
consequence  for  the  worker  (Tr.  6/6/90). 

Opposition  to  MPR  was  based  primarily 
on  the  assumption  that  the  physician 
doing  the  examinations  would  be 
trained  and  experienced  in  occupational 
medicine  and  thus  would  be  able  to 
perform  adequately  (Ex.  77).  However,  if 
the  first  physician  were  not  so  trained 
and  experienced,  this  commenter  stated 
that  MPR  should  be  used  as  described 
by  OSHA  (Ex.  77,  p.  6).  OSHA  agrees 
that  MPR  is  needed  in  the  final 
standard. 

Under  paragraph  (1)(13),  an  employee 
may  designate  a  second  physician  to 
review  any  findings,  determinations  or 
recommendations  of  an  initial  physician 
chosen  by  the  employer  and  to  conduct 
such  examinations,  consultations,  and 
laboratory  tests  as  the  second  physician 
may  deem  necessary.  If  a  disagreement 
arises  between  the  two  physicians,  the 
employer  and  employee  are  to  assure 
that  efforts  are  made  to  get  the 
physicians  to  resolve  their 
disagreement.  However,  should  they  be 
unable  to  agree,  a  third  physician 
selected  by  the  disagreeing  physicians  is 
authorized  to  review  the  evidence  and 
conduct  such  tests,  consultations  and 
discussions  as  are  necessary  to  resolve 
the  disagreement.  The  employer  is  then 
required  to  act  consistently  with  the 
decisions  of  the  third  physician,  unless 
the  employer  and  employee  agree  that 
the  employer  should  act  consistently 
with  the  decisions  of  one  of  the  other 
two  physicians. 

OSHA  recognizes  the  importance 
attached  to  medical  surveillance  by  the 
OSH  Act  (Sec.  6(b)(5))  and  views 
multiple  physician  review  in  the 
cadmium  standard  as  an  important 
element  in  the  standard’s  medical 
surveillance  program.  That  program,  in 
turn,  plays  a  crucial  role  in  the  operation 
of  the  standard's  medical  removal 
protection  program.  OSHA  has  three 
main  reasons  for  providing  MPR:  First, 


to  strengthen  and  broaden  the  bases  for 
medical  decisions  made  under  the 
standard  in  situations  where  a  worker 
questions  the  findings, 
recommendations,  or  determinations  of 
an  initial,  employer-retained  physician. 
Second,  to  increase  employee 
confidence  in  the  soundness  of  medical 
findings,  recommendations  and 
determinations  made  pursuant  to  this 
standard.  And  third,  thereby,  to  increase 
employee  acceptance  of,  and 
participation  in  the  standard’s  medical 
surveillance  program. 

OSHA  expects  the  provision  of  MPR, 
in  interaction  with  other  provisions  of 
the  cadmium  standard,  to  strengthen 
and  broaden  the  bases  for  medical 
decisions  made  under  the  standard.  The 
requirement  in  paragraph  (m)  of  the 
cadmium  standard  that  the  employer 
provide  employees  with  appropriate 
information  and  training  gives  workers  a 
basic  opportunity  to  become 
knowledgeable  about  the  nature  and 
symptoms  of  the  main  cadmium-related 
diseases  and  about  their  rights  under  the 
cadmium  standard.  The  availability  of 
MPR,  in  turn,  provides  workers  with  an 
opportunity  to  put  that  knowledge  to  use 
through  the  informed  exercise  of  their 
rights  under  MPR.  MPR  thus  provides 
incentives  to  workers  to  take  advantage 
of  available  health  education  and 
training  to  protect  their  own  health. 
Consequently,  when  a  worker  questions 
the  conclusions  of  the  initial  physician, 
a  reasonable  basis  is  likely  to  exist  for 
seeking  a  second  medical  opinion. 

Moreover,  with  the  severe  shortage  of 
trained  and  experienced  occupational 
physicians  in  this  country  and  since 
cadmium-related  diseases  are  not  often 
encountered  among  persons  not 
occupationally  exposed  to  cadmium,  it 
cannot  be  assumed  that  physicians 
performing  examinations  or 
consultations  under  the  cadmium 
standard  will  provide  error-free 
diagnoses.  Under  the  medical 
surveillance  program,  physicians  are 
often  expected  to  exercise  professional 
judgment  and  discretion,  for  example,  in 
determining  whether  to  remove  a 
particular  employee  from  exposure  to 
cadmium  at  or  above  the  action  level. 
Although  physicians  are  required  by  the 
standard  to  review  its  preamble  and  to 
be  familiar  with  cadmium-related  signs 
and  symptoms  of  illness,  these  two 
provisions  cannot  guarantee  that 
examining  physicians  will,  in  fact,  be 
adequately  trained  or  provide  error-free 
diagnoses  of  cadmium-related  diseases. 

For  many  reasons,  accurate  medical 
determinations  under  this  standard  are 
vital  for  the  proper  functioning  of  the 
preventive  medical  removal  protection 


Federal  Register  /  Vol.  57,  No.  17ft  /  Monday,  September  14,  1992  /  Rules  and  Regulations  42373 


program  and  more  generally  for  the 
success  of  the  medical  surveillance 
program  as  a  whole.  The  standard’s  PEL 
by  itself  may  not  be  low  enough  to 
assure  that  all  employees  will  be  free  of 
a  risk  to  their  health  from  occupational 
exposure  to  cadmium.  In  addition,  many 
cadmium  exposed  workers  will  have 
had  years  of  exposure  to  high  levels  of 
cadmium  by  the  time  the  standard  is 
promulgated.  Furthermore,  some 
cadmium  related  diseases  may  be 
reversible  if  detected  at  an  early  stage. 

In  the  interest  of  accuracy,  it  would 
not  be  inappropriate  to  provide  multiple 
physician  review  in  all  cases  of  medical 
surveillance  under  the  standard  where 
there  might  be  any  question  about  the 
validity  of  the  initial  physician’s 
findings,  recommendations  or 
determinations.  However,  rather  than 
requiring  additional  medical  opinions  in 
all  such  cases,  which  would  be  very 
expensive  and  potentially  wasteful, 
OSHA  is  providing  an  opportunity  for 
the  person  primarily  affected  by  the 
initial  physician’s  medical  opinion,  the 
employee/patient,  to  seek  the  opinion  of 
another  physician  if  the  employee 
seriously  questions  the  findings, 
determinations  or  recommendations  of 
the  initial,  employer-selected  physician. 

OSHA’s  choice  of  the  multiple 
physician  review  mechanism,  as  distinct 
from  other  mechanisms,  is  based  in  part 
on  the  common  and  increasing  use  of 
multiple  physician  review  in  the 
formation  of  medical  determinations  in 
the  society  at  large.  For  example,  MPR  is 
frequently  relied  upon  in  the 
determination  of  a  worker’s  eligibility 
for  a  disability  pension  and  as  a 
precondition  for  coverage  in  insurance 
policies  to  confirm  certain  diagnoses. 
Multiple  physician  review  also  has  been 
incorporated  into  other  standards 
promulgated  by  OSHA,  such  as  the  lead 
and  benzene  standards  (29  CFR 
1910.1025  and  1928,  respectively). 

The  multiple  physician  review 
mechanism  incorporated  in  the  cadmium 
standard  shares  characteristics  in 
common  with  many  of  these  other 
examples  of  MPR.  The  worker  has  an 
opportunity  to  select  a  second  physician 
if  dissatisfied  with  the  opinions  of  the 
first  employer-selected  physician,  and  if 
the  two  physicians  disagree,  the 
employee  and  the  employer,  through 
their  respective  physicians,  may  select  a 
third  physician  to  resolve  the  difference 
of  opinion. 

OSHA’s  second  reason  for  providing 
employees  with  the  opportunity  for 
multiple  physician  review  is  to  enhance 
employee  confidence  generally  in  the 
medical  surveillance  program  and 
specifically  in  the  soundness  of  medical 
determinations  made  pursuant  to  this 


standard.  The  cadmium  standard’s 
ability  to  prevent  material  impairment  to 
worker  health  and  functional  capacity, 
particularly  with  respect  to  kidney 
damage  in  long  term  cadmium  workers, 
will  depend  substantially  on  workers' 
trust  and  confidence  in  examining 
physicians.  OSHA  adopted  the  multiple 
physician  review  mechanism  as  a  means 
of  providing  workers  with  an 
opportunity  to  obtain  independent 
review  of  the  findings, 
recommendations,  and  determinations 
of  physicians  whose  opinions  they  do 
not  trust. 

Over  time,  this  independent  review, 
where  implemented,  is  likely  to  show 
either  that  distrust  of  the  employer- 
retained  physician  is  unwarranted  or 
that  the  employer  should  improve  the 
quality  of  the  employer-provided 
medical  surveillance.  Unless  the 
employer  fails  to  adequately  respond,  in 
either  case  confidence  in  medical 
surveillance  and  in  the  examining 
physician  is  likely  to  be  increased.  For 
example,  if  workers  distrust  a  company 
doctor  and  therefore  repeatedly  seek 
other  physicians’  opinions,  but  the 
diagnoses  of  the  other  physicians 
repeatedly  confirm  the  opinions  of  the 
company  doctor,  then  workers  will  be 
much  more  likely  to  trust  the  employer- 
retained  doctor  in  the  future.  On  the 
other  hand,  if  the  choice  of  second  and 
third  physicians  repeatedly  results  in 
medical  determinations  greatly  at 
variance  with  the  opinions  of  the 
employer-retained  physician,  then  the 
employer  is  put  on  notice  that  the 
employer-provided  medical  personnel 
may  need  to  be  changed.  In  both  cases, 
the  multiple  physician  review 
mechanism  will  have  served  a  beneficial 
purpose,  either  by  dispelling  an 
unfounded  distrust  of  the  company 
doctor  or  by  correcting  inadequate 
medical  determinations  while  exposing 
major  deficiencies  in  the  employer’s 
medical  surveillance  program  and 
generating  pressure  on  the  employer  to 
make  needed  changes.  With  employee 
involvement  in  MPR,  resulting 
improvements  in  the  medical 
surveillance  program,  and  increased 
employee  confidence  in  that  program, 
OSHA  expects  increased  employee 
participation  in  medical  surveillance. 

The  inclusion  of  multiple  physician 
review  in  the  cadmium  standard  is  not 
intended  as  criticism  of  the  general 
medical  community.  Based  on  the 
rulemaking  record,  OSHA  has  no  cause 
to  conclude  that  most  employer-retained 
physicians  are  not  sincerely  devoted  to 
the  good  health  of  their  workers. 
However,  there  is  evidence  in  the  record 
indicating  that  more  than  a  few  doctors 
retained  by  companies  may  not  be 


sufficiently  protective  in  light  of  recent 
developments  concerning  the  potential 
carcinogenicity  of  cadmium  and  the 
levels  of  CdB,  CdU  and  /Jj-M  that  are 
considered  toxic  or  indicative  of  the 
existence,  or  high  risk,  of  cadmium 
associated  disease  (Exs.  29;  77). 

Multiple  physician  review  is  directed 
at  problems  presented  by  a  minority  of 
physicians,  whose  relevant  medical 
knowledge  may  not  be  up  to  date,  who 
may  not  be  sufficiently  sensitive  to  the 
health  risks  posed  by  excess  exposure 
to  cadmium,  or  who,  in  a  limited  number 
of  cases,  may  not  put  the  health  of  the 
workers  first.  In  such  cases,  the 
opportunity  for  a  second  medical 
opinion  is  appropriate  to  protect  the 
employee’s  health.  On  the  other  hand, 
where  employer-retained  physicians 
have  a  close  doctor-patient  relationship 
with  employees  and  employees  have 
confidence  in  the  physicians’  abilities 
and  devotion  multiple  physician  review 
will  be  seldom  used  (Swick,  Tr.  7/18/90, 
p.  333). 

The  multiple  physician  review 
mechanism  operates  in  a  simple  and 
straightforward  fashion.  It  is  applicable 
to  all  forms  of  medical  surveillance 
provided  under  the  standard  after  any 
initial  examination  or  consultation 
provided  by  a  physician  chosen  by  the 
employer.  If  an  employee’s  past,  present, 
or  future  cadmium  exposure  is  a 
relevant  consideration  in  the 
examination  or  consultation  being 
provided  by  the  employer,  then  the 
opportunity  for  an  additional  medical 
opinion  must  be  provided. 

OSHA  recognizes  the  value  to 
employers  and  employees  alike  of  the 
MPR  mechanism  operating  in  an 
expeditious  fashion,  and  has  established 
explicit  requirements  to  that  end.  After 
an  initial  physician  conducts  an 
examination  or  consultation  pursuant  to 
the  standard,  the  employer  must 
promptly  notify  the  employee  of  his  or 
her  right  to  seek  a  second  medical 
opinion.  This  notification  need  be  no 
more  than  an  oral  reminder  of  the 
existence  and  content  of  the  right.  After 
this  notification  has  been  given,  an 
employer  may  condition  its  participation 
in,  and  payment  for,  MPR  upon  the 
employee,  within  15  days  after  receipt  of 
the  employer’s  notification  or  receipt  of 
the  initial  physician's  written  opinion, 
whichever  is  later,  both  informing  the 
employer  (orally  or  otherwise)  that  the 
employee  intends  to  seek  a  second 
medical  opinion  and  initiating  steps  to 
make  an  appointment  with  a  second 
physician.  These  steps  would  include 
actually  arranging  an  appointment  or 
contacting  a  physician  with  the  request 
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that  a  referral  to  a  specialist  be 
arranged. 

The  standard  contains  no  limitation 
on  an  employee’s  choice  of  a  second 
physician,  except  the  implicit 
requirement  that  the  second  physician, 
like  the  initial  physician,  must  be 
licensed  to  practice  medicine.  Since 
cadmium  can  adversely  affect  numerous 
systems  of  the  body,  it  would  be 
inappropriate  to  limit  the  choice  of 
doctors  to  any  one  specialty.  Because  it 
is  in  the  employee’s  interest  to  choose 
an  informed  and  competent  physician, 
OSHA  relies  on  employee  self-interest 
to  assure  the  value  of  the  second 
opinion.  Where,  for  example,  an 
employee’s  disagreement  with  the  initial 
physician's  opinion  revolves  around  a 
particular  organ,  e.g.,  the  kidney,  the 
employee  would  be  likely  to  choose  a 
specialist  in  that  area.  Where,  however, 
the  dispute  revolves  around  several 
health  effects  or  the  employee  cannot 
identify  one  specific  problem,  the 
employee  would  be  likely  to  choose  the 
general  practitioner  or  internist  most 
familiar  with  the  employee's  medical 
history  and  current  health  status.  The 
employer  must  provide  all  relevant 
materials  to  the  second  physician. 

The  standard  provides  that  the  second 
physician  shall  review  any  findings, 
determinations  or  recommendations  of 
the  initial  physician,  and  may  conduct 
such  examinations,  consultations  and 
laboratory  tests  as  the  second  physician 
deems  necessary  to  facilitate  this 
review.  While  the  standard  does  not 
expressly  require  the  employer  to  supply 
the  second  physician  with  the  same 
information  that  must  be  supplied  to  the 
initial  physician,  as  well  as  the  first 
physician's  findings,  determinations  or 
recommendations,  that  is  the  intention. 
Indeed,  the  employer’s  obligation  under 
paragraph  (1)(9)  of  this  standard  to 
provide  information  to  the  examining 
physician  is  intended  to  extend  beyond 
the  first  examining  physician  to  all 
physicians  who  may  be  involved  in 
multiple  physician  review  or  alternate 
physician  determination  under 
paragraphs  (1)(12)  and  (13),  respectively. 
All  of  these  physicians,  thus,  would  be 
provided  with  the  same  background 
information  supplied  to  the  initial 
physician  and,  as  a  result,  would  have 
as  good  an  opportunity  to  assess  the 
employee’s  health  status. 

If  the  second  physician’s  findings, 
determinations,  and  recommendations 
are  the  same  as  those  of  the  initial 
physician,  then  the  multiple  physician 
review  process  comes  to  an  end.  If, 
however,  the  opinions  of  the  two 
physicians  are  in  conflict,  then  the 
employer  and  the  employee  shall  assure 


that  efforts  are  made  for  the  two 
physicians  to  resolve  any  disagreement. 
OSHA  expects  that  the  two  physicians, 
as  professionals,  will  communicate  with 
each  other  to  resolve  their  differences, 
but  the  standard  requires  the  employer 
and  employee  to  encourage  such  a 
resolution.  In  most  cases,  this 
professional  interaction  among  peers 
should  resolve  any  differences  between 
the  two  physicians. 

In  cases  where  differences  of  opinion 
remain,  these  differences  are  likely  to  be 
genuine  and  substantial.  Where  the  first 
two  physicians  have  been  unable  to 
expeditiously  resolve  any  differences  of 
opinion  with  respect  to  an  employee, 
then  it  is  necessary  for  a  third  qualified 
physician  to  resolve  the  dispute.  It  is 
important  that  this  third  physician  have 
the  confidence  of  those  concerned  and 
be  competent  to  resolve  the  dispute. 
Consequently,  the  standard  provides 
that  the  third  physician  shall  be 
designated  by  the  employer  and  the 
employee  jointly  through  their 
respective  physicians.  It  is  the 
responsibility  of  the  employer  and  the 
employee  to  assure  that  a  third 
physician  is  selected,  but  the  selection  is 
to  be  made  by  the  two  physicians.  Since 
the  third  physician  is  chosen  by  the  joint 
endorsement  of  the  two  physicians, 
confidence  in  the  professional 
competence  of  the  third  physician 
should  be  assured. 

The  standard  provides  the  third 
physician  a  full  opportunity  to  review 
the  findings,  determinations,  and 
recommendations  of  the  two  prior 
physicians  by  conducting  such 
examinations,  consultations  and 
laboratory  tests  as  the  third  physician 
deems  necessary.  The  standard 
incorporates  the  expectation  that  the 
third  physician  will  consult  with  the 
other  two  physicians.  The  third 
physician  should  provide  a  written 
medical  opinion  to  the  employer,  which 
will  normally  operate  as  a  final  medical 
determination  to  resolve  the 
disagreement  between  the  other  two 
physicians.  The  employer,  then,  is 
required  to  act  in  a  manner  consistent 
with  the  findings,  determinations,  and 
recommendations  of  the  third  physician, 
unless  the  employer  and  the  employee 
reach  an  agreement  that  is  otherwise 
consistent  with  the  recommendations  of 
at  least  one  of  the  other  two  physicians. 

Medical  surveillance  pursuant  to 
section  6(b)(7)  of  the  Act  must  be 
provided  by  employers  without  cost  to 
employees.  Since  multiple  physician 
review  will  be  one  means  by  which 
medical  surveillance  is  provided  to  an 
employee,  employers  must  bear  the 
expense  of  this  mechanism  when  it  is 


used.  In  practice,  and  based  partly  on 
experience  with  MPR  in  other  OSHA 
standards,  OSHA  does  not  expect  the 
costs  of  MPR  to  be  burdensome  to 
employers.  Employers  will  have 
substantial  control  over  the  frequency  of 
its  use.  Where  employers  establish  and 
administer  medical  surveillance 
programs  that  merit,  engender,  and 
maintain  worker  confidence,  workers 
will  see  little  or  no  need  to  seek  second 
medical  opinions. 

As  with  many  of  the  provisions  of  the 
final  cadmium  standard,  the  success  of 
the  multiple  physician  review 
mechanism  will  largely  depend  upon 
employers  and  employees  acting  in  a 
reasonable  manner  and  with  good  faith. 

The  requirement  for  MPR,  however,  is 
not  intended  to  preclude  an  employer 
from  establishing  and  implementing 
medical  protocols  for  its  employees  that 
are  expeditious  and  at  least  as 
protective.  In  paragraph  (1)(14)  a 
provision  for  alternate  physician 
determination  is  expressly  included  in 
the  standard.  Under  that  paragraph,  the 
employer  and  employee  or  designated 
employee  representative  may  agree 
upon  the  use  of  any  expeditious 
alternate  physician  determination 
mechanism  instead  of  the  multiple 
physician  review  mechanism  provided. 
The  only  condition  is  that  the  alternate 
mechanism  be  no  less  protective  of  the 
employee’s  health  than  MPR.  For 
example,  the  parties  might  decide  in 
cases  of  dispute  for  an  employee  to  go 
directly  from  an  initial  physician  chosen 
by  the  employer  to  an  agreed  upon  final 
physician,  thus  dispensing  with  the  need 
for  a  second  physician.  Alternately,  a 
jointly-agreed-upon  physician  might  be 
used  in  the  first  instance  without 
recourse  to  other  physicians.  Or,  an 
employee  might  be  given  the  opportunity 
to  choose  the  final  physician.  OSHA 
encourages  employers  and  employees  to 
adopt  medical  determination  procedures 
in  which  all  parties  have  trust  and 
confidence.  Paragraph  (1)(14)  of  the 
standard  embodies  this  intention. 

Under  paragraph  (1)(15)  of  this 
standard,  the  employer  is  required  to 
provide  the  employee  with  certain 
information.  The  employer,  within 
specified  time  periods,  must  provide  the 
employee  with  a  copy  of  the  physician’s 
written  medical  opinion,  a  copy  of  the 
employee’s  biological  monitoring  results, 
and,  upon  request,  a  copy  of  the 
information  the  employer  is  required  to 
provide  to  the  examining  physician 
under  paragraph  (1)(9)  of  this  standard. 
In  addition,  as  discussed  below  in 
connection  with  the  summary  and 
explanation  of  paragraph  (n)(5),  the 
employer  is  required  to  make  the 
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employee’s  medical  records  available 
upon  request  to  other  specified 
individuals. 

OSHA  believes  that,  for  the  good  of 
the  employee,  facts,  findings  and 
decisions  regarding  the  employee’s 
occupational  exposure  to  cadmium  and 
medical  status  generally  should  be 
provided  to  the  employee  in  written 
form.  This  is  to  assure  that  the  employee 
is  aware,  and  has  a  record  of  the  results 
of  exposure  assessments  and  medical 
examinations  that  reflect  his  or  her 
workplace  experience.  Making  this 
information  available  to  the  employee 
will  enable  the  employee  to  better 
understand  the  central  facts  concerning 
his  occupational  exposure  to  cadmium, 
including  the  extent  of  his  cumulative 
exposure,  the  effect  of  that  exposure  on 
his  health  status,  and  the  employee’s 
rights  under  the  cadmium  standard. 

Being  better  informed,  in  turn,  will 
enable  the  employee  to  more  effectively 
participate  in  decisions  about  his/her 
health.  It  will  also  enable  the  employee 
to  better  inform  physicians  who,  years 
after  the  employment  has  terminated, 
may  need  to  know  such  facts  to 
correctly  interpret,  and  make  proper 
decisions  to  protect  or  improve  the 
employee’s  health  status. 

Under  paragraph  (1)(16),  the  employer 
is  required  to  report  on  the  OSHA  Form 
No.  200,  The  OSHA  Injury  and  Illness 
Log,  any  abnormal  condition  or  disorder 
caused  by  occupational  exposure  to 
cadmium.  This  reporting  requirement  is 
consistent  with  the  reporting 
requirements  of  the  Bureau  of  Labor 
Statistics  in  the  Department  of  Labor,  as 
specified  in  Chapter  (V)(E)  of  the 
Reporting  Guidelines  for  Occupational 
Injuries  and  Illnesses.  Although  not 
included  in  OSHA’s  proposed 
regulation,  OSHA  indicated  in  that 
document  that  a  provision  for  such 
reporting  might  be  useful  and 
appropriate  (55  FR  4115). 

Requiring  employers  to  report 
occupational  illnesses  on  the  OSHA 
Form  No.  200  and  to  post  on  that  form 
for  one  month  a  year  the  annual 
summary  of  occupational  illnesses  is 
authorized  under  sections  (8)(c)  (1)  and 
(2),  (8)(g)(2),  and  (24)  (a)  and  (e)  of  the 
OSH  Act  and  is  mandated  by  29  CFR 
part  1904.  The  required  reporting  on  the 
OSHA  Form  No.  200  and  posting  of  the 
annual  summary  of  the  year’s  total  from 
that  form  provides  employers  and 
employees  with  an  additional 
opportunity  to  review  the  relevant 
record  of  illnesses  among  cadmium- 
exposed  workers. 

For  the  employer,  for  example,  it  is  an 
opportunity  to  review  all  the  cadmium- 
related  removals  during  the  year  as  a 
group,  in  order  to  ascertain  whether 


there  are  patterns  to  the  removals.  For 
example,  employers  might  use  such 
information  to  determine  the  number  of 
removals  in  various  areas  of  the  plant  to 
see  if  the  particular  removals  are 
correlated  with  higher  exposures.  In  this 
way,  employers  may  be  able  to  identify 
and  focus  attention  on  certain  areas  of 
the  plant  where  medical  removals  due  to 
cadmium  over-exposures  are  especially 
frequent.  For  the  employer,  it  also  is  a 
reminder  of  those  workers  who  require 
medical  follow-up.  For  employees  who 
have  been  removed  for  cadmium-related 
illness,  this  is  an  opportunity  to  confirm 
that  the  information  provided  to  them 
individually  is  correct  and  has  been 
reported  to  OSHA. 

In  addition,  reporting  on  the  log 
abnormal  conditions  and  disorders  that 
are  occupationally  caused  and  cadmium 
related  will- facilitate  the  development  of 
occupational  health  statistics  that  are 
useful  to  the  employer,  the  employee, 
and  to  OSHA,  and  in  turn  may  facilitate 
the  development  of  improved  medical 
care.  It  will  also  provide  OSHA  with 
information  and  data  helpful  in 
assessing  the  effectiveness  of  the 
cadmium  standard  and  in  considering 
what,  if  any,  modification  should  be 
made  to  the  standard  in  the  future.  For 
all  of  these  reasons  OSHA  believes  that 
this  requirement  is  pursuant  to  the  OSH 
Act. 

OSHA  also  believes  that  compliance 
with  this  requirement  will  be  simple  for 
employers.  OSHA  further  believes  that 
requiring  the  reporting  of  such  removals 
may  contribute  to  the  prevention  of 
more  serious  kidney  damage. 

Communication  of  Cadmium  Hazards  to 
Employees:  Paragraph  (m) 

In  this  final  cadmium  standard,  OSHA 
includes  provisions  entitled: 
“Communication  of  Cadmium  Hazards 
to  Employees”.  These  provisions 
incorporate  many  requirements  from 
OSHA’s  Hazard  Communication 
Standard  (HCS)  and  address  the  issue  of 
transmitting  information  to  employees 
about  the  hazards  of  cadmium  through 
the  use  of:  (1)  Signs,  (2)  labels,  (3) 
material  safety  data  sheets,  and  (4) 
information  and  training.  Previous 
OSHA  health  standards  generally 
included  separate  paragraphs  on 
employee  information  and  training  and 
on  signs  and  labels.  The  hazard 
communication  provisions  of  this 
standard,  consistent  with  the  HCS, 
incorporate  both  of  those  areas,  along 
with  provisions  on  material  safety  data 
sheets  (MSDS),  into  paragraph  (m).  The 
hazard  communication  provisions  in  this 
standard  are  very  similar  to  those  now 
being  included  in  other  OSHA  health 
standards  (e.g.,  paragraph  (j),  Benzene 


Final  Standard,  29  CFR  1910.1028)  and 
are  basically  the  same  as  those  in  the 
proposed  cadmium  standard. 

OSHA’s  HCS  (29  CFR  1910.1200)  for 
general  industry  requires  all  chemical 
manufacturers  and  importers  to  assess 
the  hazards  of  the  chemicals  they 
produce  or  import  and  to  develop 
appropriate  information  about  those 
hazards,  which  they  are  required  to 
communicate  in  various  ways  to  their 
own  exposed  employees  and  to  relevant 
downstream  employers,  as  specified 
under  paragraphs  (d)-(h)  of  the  Hazard 
Communication  Standard  (29  CFR 
1910.1200).  Downstream  employers,  in 
turn,  are  required  to  communicate  the 
information  concerning  the  hazards  of 
such  chemicals  in  various  ways  to  their 
own  employees.  The  transmittal  of 
hazard  information  to  employees  is  to 
be  accomplished  by  means  of 
comprehensive  hazard  communication 
programs,  which  must  include  container 
labeling  and  other  forms  of  warning, 
material  safety  data  sheets  and 
employee  training. 

Since  the  HCS  is  intended  to 
comprehensively  assess  the  potential 
hazards  of  chemicals  and  to 
communicate  the  needed  information 
concerning  hazards  and  appropriate 
protective  measures  to  employees  (52  FR 
31877,  August  24, 1987),  OSHA  includes 
paragraph  (m)  entitled  "Communication 
of  Cadmium  Hazards  to  Employees”  in 
this  standard  while  referencing  and 
requiring  compliance  with  29  CFR 
1910.1200.  In  paragraph  (m),  OSHA  also 
proposes  additional  particular 
requirements  that  are  needed  to  protect 
employees  specifically  exposed  to 
cadmium. 

Paragraph  (m)  of  this  standard  has 
been  designed  to  be  substantively  as 
consistent  as  possible  with  the  HCS 
requirements  for  employers.  While 
avoiding  a  duplicative  administrative 
burden  on  employers  attempting  to 
comply  with  the  requirements  of  several 
different  applicable  OSHA  health 
standards,  the  requirements 
nevertheless  provide  the  necessary 
protection  for  employees  through 
provisions  for  signs  and  labels,  material 
safety  data  sheets,  and  employee 
information  and  training. 

The  standard  requires  that  regulated 
areas  be  posted  with  signs  stating: 
"Danger,  Cadmium,  Cancer  Hazard,  Can 
Cause  Lung  and  Kidney  Disease, 
Authorized  Personnel  Only,  Respirators 
and  Protective  Clothing  Required  in  this 
Area”.  The  posting  of  these  signs  will 
serve  as  a  warning  to  employees  who 
may  otherwise  not  know  they  are 
entering  a  regulated  area.  Such  warning 
signs  are  required  to  be  posted  at  all 
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regulated  areas,  that  is,  whenever  an 
employee  is  exposed  above  the 
permissible  exposure  limit.  The  signs 
are  intended  to  supplement  the  training 
that  employees  are  to  receive  under 
other  provisions  of  paragraph  (m),  since 
even  trained  employees  need  to  be 
reminded  of  the  locations  of  regulated 
areas  and  of  the  precautions  necessary 
to  be  taken  before  entering  these 
dangerous  areas. 

For  some  work  sites,  regulated  areas 
are  permanent,  because  air  cadmium 
exposures  there  cannot  be  reduced 
below  the  PEL  by  means  of  engineering 
controls.  In  those  situations,  the  signs 
are  needed  to  warn  employees  not  to 
enter  the  area  unless  they  are 
authorized,  wearing  respirators,  and 
there  is  a  need  to  enter.  Regulated  areas 
may  also  exist  on  a  temporary  basis, 
such  as  during  maintenance  and/or 
emergency  situations.  The  use  of 
warning  signs  in  these  types  of 
situations  is  also  important  since  a 
maintenance  or  emergency  situation  is 
by  nature  a  new  or  unexpected  exposure 
to  employees  who  are  regularly 
scheduled  to  work  at  or  near  these  sites. 

The  standard  requires  that  the  signs 
comply  with  paragraph  (f)  of  the  HCS 
and  specifies  the  wording  of  the  warning 
signs  for  regulated  areas  in  order  to 
assure  that  the  proper  warning  is  given 
to  employees.  OSHA  believes  that  the 
use  of  the  word  “Danger”  is  appropriate, 
based  on  the  evidence  of  the  toxicity 
and  carcinogenicity  of  cadmium. 
“Danger"  is  used  to  attract  the  attention 
of  workers  in  order  to  alert  them  to  the 
fact  that  they  are  in  an  area  where  the 
permissible  exposure  limit  is  exceeded 
and  to  emphasize  the  importance  of  the 
message  that  follows.  The  use  of  the 
word  “Danger '  is  also  consistent  with 
other  recent  OSHA  health  standards 
dealing  with  carcinogens.  The  standard 
also  requires  that  the  legend, 
"Respirators  and  Protective  Clothing 
Required  in  this  Area",  be  included  on 
the  warning  sign.  Although  OSHA 
recognizes  that  some  employees 
entering  the  regulated  areas  may  not  be 
exposed  above  the  PEL,  as  an  eight-hour 
time  weighted  average,  many  employees 
who  are  assigned  to  work  in  these  areas 
may  remain  in  these  locations  for  long 
enough  periods  of  time  so  that  they 
would  be  needlessly  overexposed  to 
cadmium  if  they  did  not  wear 
respirators  and  protective  clothing. 

In  addition,  it  would  be  quite 
confusing  and  administratively  complex 
to  allow  certain  workers  in  the  regulated 
areas  to  work  without  having  to  wear 
respirators  while  others  were  required 
to  do  so.  Moreover,  to  the  extent  that 
some  workers  in  regulated  areas  who 


may  not  be  exposed  or.  a  particular  day 
above  the  PEL  are  nonetheless  required 
to  wear  respirators,  this  should  further 
reduce  any  risk  that  may  appear  to 
remain  at  the  PEL  of  5  before  the  effects 
of  the  ancillary  provisions  are 
considered.  To  assure  that  all  employees 
who  work  in  regulated  areas  are 
adequately  protected,  it  is  necessary 
that  the  sign  alert  them  to  the  need  to 
wear  respirators  and  protective  clothing. 

The  standard  also  requires  that 
warning  labels  be  affixed  to  all  shipping 
and  storage  containers  (including  bags) 
containing  cadmium,  cadmium 
compounds,  or  cadmium-contaminated 
items  such  as  clothing  and  equipment. 
The  labels  must  be  in  compliance  with 
paragraph  (f)  of  the  HCS  and  must  state: 
“Danger,  Contains  Cadmium,  Cancer 
Hazard,  Avoid  Creating  Dust,  Can 
Cause  Lung  and  Kidney  Disease". 
Containers  leaving  the  workplace  must 
carry  such  labels.  The  purpose  of  this 
requirement  is  to  assure  that  all  affected 
employees,  not  only  those  of  the  primary 
employer,  are  apprised  of  the  potentially 
hazardous  nature  of  cadmium  exposure 
where  exposure  could  exceed  the  action 
level. 

In  addition  to  being  consistent  with 
the  requirements  of  the  HCS,  these 
requirements  carry  out  the  mandate  of 
section  6(b)(7)  of  the  Act  which  requires 
OSHA  health  standards  to  prescribe  the 
use  of  labels  or  other  appropriate  forms 
of  warning  to  apprise  employees  of  the 
hazards  to  which  they  are  exposed. 

In  this  final  standard  in  accordance 
with  the  requirements  of  20  CFR 
1910.1200(g),  OSHA  also  requires  the 
manufacturer  or  importer  of  cadmium  or 
cadmium  compounds  to  develop  and 
distribute  MSDSs  and  requires 
downstream  employers  with  employees 
potentially  exposed  to  cadmium  to 
maintain  and  provide  access  to  a 
material  safety  data  sheet  (MSDS)  for 
cadmium.  OSHA  feels  that  a  properly 
completed  MSDS,  if  readily  available  to 
employees,  can  serve  as  an  excellent, 
concise  source  of  information  regarding 
the  hazards  associated  with  cadmium. 

OSHA's  main  purpose  in  this  section 
of  the  final  standard,  as  stated  in  the 
Agency’s  recently  promulgated  HCS.  is 
to  assure  that  employees  will  receive  as 
much  information  as  they  need 
concerning  the  hazards  posed  by 
chemicals  in  their  workplaces.  The 
MSDS  assures  that  this  information  will 
be  available  to  them  in  a  usable,  readily 
accessible  and  concise  form.  The  MSDS 
also  serves  as  the  central  source  of 
information  for  downstream  employers 
who  must  be  provided  with  an  MSDS  if 
cadmium  or  a  product  containing 
cadmium  in  a  toxic  or  potentially  toxic 


form  is  produced  and  shipped  to  them. 
Lastly,  the  MSDS  serves  as  the  basic 
source  of  information  on  the  hazards  of 
cadmium  essential  to  the  training 
provisions  of  this  standard. 

Producers  and  importers  of  toxic 
substances  have  primary  responsibility 
under  the  HCS  to  develop  or  prepare  the 
MSDS.  The  manufacturer  or  importer  is 
most  likely  to  have  the  best  access  to 
information  about  the  product  and  is 
therefore  responsible  for  disseminating 
this  information  to  downstream  users  of 
the  material.  For  employers  whose 
employees’  exposure  to  cadmium  is  from 
products  received  from  outside  sources, 
the  information  necessary  for  a 
complete  MSDS  or  the  MSDS  itself  is  to 
be  obtained  from  the  manufacturer  and 
made  available  to  affected  employees. 
The  requirements  for  the  information 
that  is  to  be  contained  on  the  MSDS  are 
explained  in  detail  at  29  CFR 
1910.1200(g). 

Paragraph  (m)(4)  ofithis  cadmium 
standard  requires  employers  to  provide 
all  employees  who  are  exposed  to 
cadmium  with  information  and  training 
on  cadmium  prior  to  or  at  the  time  of 
initial  assignment  to  a  cadmium  exposed 
job  and  at  least  annually  thereafter.  A 
record  shall  be  maintained  of  the 
contents  of  such  programs  (paragraph 
(n)(4)).  The  training  program  is  to  be  in 
accordance  with  the  requirements  of  the 
HCS  paragraphs  (h)  (1)  and  (2),  and  to 
include  the  specific  information  required 
to  be  provided  by  that  standard,  as  well 
as  those  items  stipulated  in  paragraph 
(m)(4)(iii)  of  this  standard.  In  particular, 
as  several  hearing  participants  have 
pointed  out  (Exs.  82,  84,  and  107), 
training  should  explain  how  smoking 
cigarettes  can  increase  an  employee’s 
total  exposure  to  cadmium,  either 
directly  through  inhalation  of  the 
cadmium  in  cigarettes  or  indirectly 
through  ingestion  of  cadmium  dust  from 
the  workplace  that  may  accumulate  on 
cigarette  tips.  Employers  should  also 
seriously  consider  whether  to  include 
information  about  smoking  cessation 
programs  in  their  training. 

In  addition,  employees  are  to  be 
provided  with  an  explanation  of  the 
contents  of  appendices  A  (Substance 
Safety  Data  Sheet,  Cadmium)  and  B 
(Substance  Technical  Guidelines, 
Cadmium)  to  this  standard.  Employees 
also  are  to  be  informed  where  a  copy  of 
the  final  cadmium  standard  is  accessible 
to  them  and  to  receive  an  explanation  of 
the  purpose  and  a  description  of  the 
medical  surveillance  program  required 
under  paragraph  (1)  of  this  standard. 

OSHA  has  determined  during  other 
rulemakings  that  an  information  and 
training  program,  as  incorporated  in  the 
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inclusive  “Communication  of  Cadmium 
Hazards  to  Employees"  paragraph  of 
this  standard,  is  essential  to  inform 
employees  of  the  hazards  to  which  they 
are  exposed  and  to  provide  employees 
with  the  necessary  understanding  of  the 
degree  to  which  they  themselves  can 
minimize  the  health  hazard  potential.  As 
part  of  an  overall  communication 
program  for  employees,  training  serves 
to  explain  and  reinforce  the  information 
presented  to  employees  on  signs,  labels, 
and  material  safety  data  sheets.  These 
written  forms  of  information  and 
warning  will  be  successful  and  relevant 
only  when  employees  understand  the 
information  presented  and  are  aware  of 
the  actions  to  be  taken  to  avoid  or 
minimize  exposures. 

Training  is  essential  to  an  effective 
overall  hazard  communication  program. 
Active  employee  participation  in 
training  sessions  can  result  in  the 
effective  communication  of  hazard 
information  to  employees,  which  can 
stimulate  workers  to  take  conscientious 
protective  actions  on  their  jobs,  which, 
in  turn,  can  reduce  the  risk  off 
occupationally-related  illnesses  and 
injuries. 

The  training  provisions  of  this 
standard  are  in  performance-oriented, 
rather  than  specific,  detailed  language. 
The  standard  requires  training  to  be  in 
accordance  with  the  requirements  of  29 
CFR  1910.1200  and  lists  the  categories  of 
information  to  be  transmitted  to 
employees.  However,  it  does  not  specify 
the  ways  that  this  is  to  be  accomplished. 
The  use  of  such  performance-oriented 
requirements  will  encourage  employers 
to  tailor  their  training  programs  to  the 
needs  to  their  specific  workplaces, 
thereby  resulting  in  the  most  effective 
training  program  suitable  for  each 
specific  workplace. 

OSHA  believes  that  the  employer  is  in 
the  best  position  to  determine  how  the 
training  he  or  she  is  providing  is  being 
received  and  absorbed  by  the 
employees.  OSHA  has  therefore  laid  out 
the  objectives  to  be  met  and  the  intent 
of  training,  to  assure  that  employees  are 
made  aware  of  the  hazards  in  their 
workplace  and  how  they  can  help  to 
protect  themselves.  The  specifics  of  how 
this  is  to  be  accomplished  are  left  up  to 
the  employer. 

Comments  by  participants  in  the 
rulemaking  on  the  hazard 
communication  provisions  of  the 
proposed  standard  focused  on  three 
aspects  of  the  proposed  training 
requirements.  The  first  is  the  need  to 
train  cadmium  exposed  workers  about 
the  dangers  of  smoking  cigarettes.  The 
second  is  the  requirement  that  the 
employer  provide  training  to  all 
employees  who  are  potentially  exposed 


to  cadmium,  however  low  the  level  to 
which  they  might  be  exposed,  instead  of 
only  to  employees  exposed  above  an 
action  level.  The  third  concerns  the 
relationship  between  the  training 
requirements  in  this  standard  and  the 
MSDS  provisions  of  the  hazard 
communication  standard. 

The  first  concern  is  that  all  employees 
potentially  exposed  to  cadmium  be. 
trained  about  the  special  hazards  of 
smoking  (Ex.  29).  OSHA  shares  this 
concern  and  is  requiring  that  employers 
train  cadmium  exposed  employees 
about  the  additional  exposure  to 
cadmium  from  cigarette  smoking.  OSHA 
also  suggests  that  employers  seriously 
consider  taking  other  steps,  as  well. 

The  second  concern  is  that  there 
should  be  an  action  level  to  trigger  the 
employer's  training  requirement  (Exs. 
19-9;  19-36;  Tr.  7/19/90,  p.  284).  OSHA 
disagrees  with  this  position  for  several 
reasons.  As  demonstrated  above,  at 
very  low  levels  of  exposure  cadmium  is 
a  probable  human  carcinogen  and 
appears  to  cause  kidney  damage.  If 
there  is  a  threshold  level  below  which 
exposure  to  cadmium  does  not  cause 
kidney  damage  and  below  which  it  is 
not  associated  with  lung  cancer,  that 
threshold  must  be  extremely  low,  its 
exact  level  is  unknown,  and  it 
undoubtedly  varies  from  individual 
employee  to  individual  employee. 
Moreover,  OSHA’s  Hazard 
Communication  (Haz  Com)  standard  (29 
CFR  1910.1200)  already  requires 
employers  to  provide  employees  with 
information  and  training  on  hazardous 
chemicals  in  the  workplace  without 
regard  to  any  action  level. 

Nonetheless,  for  reasons  set  out  above 
in  the  relevant  sections  of  this  preamble, 
OSHA  has  placed  threshold  exposure 
levels  on  the  employer’s  obligation  to 
implement  engineering  and  work 
practice  controls  to  achieve  the  PEL  and 
to  provide  medical  surveillance. 
However,  since  exposure  to  cadmium  is 
not  associated  with  any  positive  health 
effects  and  even  at  low  levels  has  the 
potential  for  adverse  health  effects  in 
some  workers,  OSHA  believes  that  all 
potentially  exposed  employees  should 
be  informed  about  the  nature  of  the 
hazard  and  about  ways  to  minimize 
their  exposure  to  it  in  order  to  facilitate 
their  voluntarily  taking  preventive  steps 
to  protect  themselves.  In  addition, 
training  is  needed  at  exposure  levels 
below  the  action  level  since  even  at 
those  low  levels  the  possibility  of  skin 
or  eye  irritation  caused  by  such 
cadmium  exposure  may  exist. 

Consequently,  OSHA  believes  that  it 
is  good  public  health  to  require 
employers  to  train  all  employees 
potentially  exposed  to  any  level  of 


cadmium.  In  imposing  this  obligation  on 
employers  OSHA  is  mindful  of  the  fact 
that  in  most  of  the  relevant  workplaces 
the  required  training  typically  will 
involve  adding  elements  to  existing 
training  programs  and  will  not  be  very 
burdensome. 

The  third  concern  is  that  products 
containing  less  than  .1%  of  cadmium, 
which  are  below  the  level  that  in  the 
hazard  communication  standard  would 
trigger  the  requirement  that  the  producer 
or  importer  of  a  product  containing  a 
chemical  identified  as  a  carcinogen  must 
develop  and  distribute  companion 
MSDSs  (29  CFR  1910.1200  (g)(2)(i)(C)(l)), 
might  nonetheless  produce  downstream 
exposure  levels  above  1  pg/m3  without 
the  downstream  employer  being  notified 
or  even  aware  that  his/her  workers  are 
exposed  to  cadmium  (EEI,  Tr.  7/19/92, 
pp.  19-20).  This  concern  was  articulated 
in  response  to  OSHA’s  cadmium 
proposal,  which  proposed  alternative 
PELs  of  1  pg/m3  or  5  pg/m3  and 
alternative  ALs  of  .5  pg/m3  or  2.5  pg/m3, 
respectively.  However,  this  final 
standard  adopts  the  higher  of  the 
proposed  alternatives,  5  pg/m3  as  the 
PEL  and  2.5  pg/m3  as  the  action  level. 

No  commenter  has  claimed  that 
products  with  a  cadmium  content  of  less 
than  .1%  can  produce  exposure  levels  at 
or  above  this  action  level  or  above  this 
PEL. 

Consequently  the  concern  that 
employers  who  are  not  notified  of  the 
presence  of  cadmium  by  upstream 
producers  or  importers  and  are  not 
aware  of  its  presence  in  their  workplace 
might  still  be  subject  to  obligations 
triggered  by  cadmium  exposures  does 
not  appear  to  be  relevant  to  obligations 
triggered  by  the  AL  and  PEL  of  this 
standard.  The  concern,  thus,  would  be 
limited  to  the  training  requirement, 
which  is  the  only  obligation  in  this  final 
standard  that  can  be  triggered  by 
exposure  to  cadmium  below  the  action 
level. 

OSHA  recognizes  that  there  may 
appear  to  be  some  grounds  for  concern 
on  this  point.  Under  particular 
circumstances  it  might  indeed  be 
possible  for  an  employer,  while 
exercising  due  care,  to  be  unaware  of 
potential  employee  exposure  to 
cadmium  in  the  workplace  and 
nonetheless  vulnerable  to  citation  for 
failure  to  train  exposed  workers  under 
the  cadmium  standard.  However,  OSHA 
believes  such  situations  will  be  very 
rare.  The  Agency  is  assured  that  in  the 
vast  majority  of  situations  where 
workers  are  potentially  exposed  to 
cadmium,  the  employer  will  be  aware  or 
at  least  on  notice  of  the  existence  of  the 
hazard.  The  Agency  is  further  assured 
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that  in  most  of  the  remaining  situations, 
when  inspections  do  occur,  OSHA 
inspectors  will  weigh  all  the 
circumstances  and  generally  refrain 
from  citing  unknowing  employers  who  in 
good  faith  and  in  the  exercise  of 
reasonable  care  failed  to  provide 
required  training.  In  any  event,  OSHA 
concludes  that  the  small  risk  that  an 
unknowing  and  blameless  employer 
might  be  cited  for  failure  to  provide 
required  training  is  outweighed  by  the 
need  for  the  Agency  to  be  conservative 
in  protecting  workers’  health  in  the  face 
of  potential  exposure  to  a  highly  toxic 
substance  like  cadmium. 

Recordkeeping:  Paragraph  (n) 

The  recordkeeping  provisions  of  this 
final  standard  are  essentially  the  same 
as  those  in  the  cadmium  proposal,  which 
received  little  or  no  public  comment  (55 
FR  4117).  These  provisions  generally  are 
similar  to  recordkeeping  provisions  in 
other  OSHA  health  standards. 

The  standard  requires  employers  to 
maintain  exposure  monitoring  records 
and  medical  surveillance  records.  This 
requirement  is  in  accordance  with 
section  8(c)  of  the  Act,  which  authorizes 
OSHA  to  require  employers  to  keep  and 
make  available  such  records  as  the 
Secretary  may  prescribe  ‘‘as  necessary 
or  appropriate  for  the  enforcement  of 
this  Act  or  for  developing  information 
regarding  the  causes  and  prevention  of 
occupational  accidents  and  illnesses.” 
The  recordkeeping  provisions  of  this 
standard  are  also  in  keeping  with  the 
regulation  governing  access  to  employee 
exposure  and  medical  records  (29  CFR 
1910.20). 

Medical  and  monitoring  records  are 
also  maintained  for  employee  disclosure 
and  are  designed  to  provide  valuable 
information  to  both  the  employee  and 
the  employer.  The  medical  and 
monitoring  records  required  by  this 
standard  will  aid  the  employee  and  his  / 
her  physician  in  determining  whether  or 
not  treatment  is  needed  for  occupational 
exposure  to  cadmium  and  what  level  of 
treatment  is  necessary.  Also,  the 
employer  benefits  by  keeping  these 
records,  since  the  information  will 
enable  the  employer  to  better  ensure 
that  employees  are  not  being  over¬ 
exposed  to  cadmium;  such  information 
may  alert  the  employer  that  steps  must 
be  initiated  in  order  to  reduce 
exposures. 

The  standard  requires  that  records  be 
kept  of  the  results  of  environmental 
monitoring  and  the  contextual 
information  required  by  paragraph  (d)  of 
this  standard  to  determine  the  airborne 
concentration  of  cadmium  to  which  an 
employee  has  been  exposed. 


Specifically,  records  must  include  the 
following  information: 

(a)  The  date,  duration,  and  results  in 
terms  of  an  8-hour  TWA  of  each  sample 
taken; 

(b)  The  name,  social  security  number, 
and  job  classification  of  the  employee 
monitored  and  of  all  other  employees 
whose  exposures  the  monitoring  is 
intended  to  represent; 

(c)  A  description  of  the  sampling  and 
analytical  methods  used  and  evidence 
of  their  accuracy; 

(d)  The  type  of  respiratory  protective 
device,  if  any,  worn  by  the  monitored 
employee  and  by  any  other  employees 
whose  exposures  the  monitoring  is 
intended  to  represent;  and 

(e)  A  notation  of  any  other  conditions 
that  might  have  affected  the  monitoring 
results. 

The  standard  requires  that  exposure 
monitoring  records  be  maintained  for 
each  measurement  taken.  The 
monitoring  and  record  may  represent 
the  exposure  of  more  than  one  employee 
if  representative  sampling,  as  described 
in  paragraph  (d),  is  conducted.  In  that 
case,  the  record  should  clearly  provide 
the  same  information  about  the 
employees  whose  exposures  the 
monitoring  is  intended  to  represent  as  is 
required  by  paragraph  (n)  of  this 
standard  for  the  monitored  employee. 

A  provision  for  the  use  of  objective 
data  in  place  of  initial  monitoring  is 
included  in  this  standard  in  paragraph 
(d)(2)(iii).  Objective  data  are  defined  in 
paragraph  (n)(2)(i)  as  information 
demonstrating  that  a  particular  product 
or  material  containing  cadmium  cannot 
release  dust  or  fumes  in  concentrations 
at  or  above  the  action  level  even  under 
conditions  of  worst-case  release. 
Employers  might  use  data  from  an 
industry-wide  survey  to  estimate 
maximum  cadmium  exposure  levels  that 
could  occur  if  that  survey  pertains  to 
workplace  conditions  that,  to  the  extent 
relevant  and  significant,  are  all  very 
similar  to  those  in  the  employer’s 
worksite.  Employers  may  also  use 
laboratory  product  test  results  to 
demonstrate  that  airborne 
concentrations  must  be  below  the  action 
level. 

In  addition  to  being  required  to  keep 
records  on  monitoring  of  employee 
environmental  exposure  levels,  the 
employer  is  required  by  paragraph  (n)(3) 
to  establish  and  maintain  an  accurate 
medical  surveillance  record  for  each 
employee  to  whom  the  employer  must 
provide  medical  surveillance  under 
paragraph  (1)  of  this  standard.  As 
indicated  above  in  this  preamble, 
medical  records  are  necessary  for  the 
proper  evaluation  of  the  employee's 


health.  Furthermore,  medical  records, 
like  exposure  monitoring  records,  are 
necessary  and  appropriate  both  to  the 
enforcement  of  the  standard  and  to  the 
development  of  information  regarding 
the  causes  and  prevention  of 
occupational  illnesses. 

The  records  of  the  employee's  prior 
medical  and  work  history  are  useful  to 
the  examining  physician  in  the 
examination  at  termination  of 
employment  as  an  aid  in  determining  the 
status  of  an  employee’s  health  and  in 
identifying  adverse  health  effects 
associated  with  cadmium  exposure. 

Good  medical  records,  including  the 
record  of  the  examination  at  termination 
of  employment  itself,  also  can  be  useful 
to  the  Agency  and  others  in  enumerating 
illnesses  and  deaths  attributable  to 
cadmium,  in  evaluating  compliance 
programs,  and  in  assessing  the  accuracy 
of  the  Agency’s  risk  estimates.  Such 
records  are  useful,  as  well,  to  assess  the 
adequacy  of  the  standard  in  preventing 
disease.  Provisions  for  collection  of  such 
information,  including  medical 
examinations  at  the  end  of  employment, 
have  been  included  in  other  OSHA 
standards  (e.g.,  Arsenic,  Benzene,  and 
Lead  Final  Standards). 

The  standard  requires  that  exposure 
records  be  kept  for  at  least  30  years 
((n)(l)(iii))  and  that  medical  records  be 
kept  for  duration  of  employment  plus 
thirty  years  ((n)(3)(iii)).  It  is  necessary  to 
keep  these  records  for  extended  periods 
because  of  the  long  latency  period 
commonly  associated  with 
carcinogenesis.  Cancer  often  cannot  be 
detected  until  20  or  more  years  after  first 
exposure.  The  extended  record  retention 
period  is  therefore  needed  because 
diagnosis  of  disease  in  employees  is 
assisted  by,  and  in  some  cases  can  only 
be  made  by,  having  present  and  past 
exposure  data  as  well  as  the  results  of 
present  and  past  medical  examinations. 

The  employer  is  also  required  to 
maintain  records  of  an  employee's 
cadmium-related  training  for  one  year 
beyond  the  last  date  of  employment  of 
that  employee.  Employers  are  required 
to  certify  that  employees  did  participate 
in  such  training.  Certification  of  training 
must  contain  the  name  of  the  employee, 
date  training  completed,  and  signature 
of  employer  or  provider  of  the  training. 

The  standard  provides  for  access  to 
exposure  and  medical  records  that 
basically  is  in  accordance  with  29  CFR 
1910.20,  OSHA’s  standard  for  “Access  to 
Employee  Exposure  and  Medical 
Records”  under  paragraph  (n)(5)(i).  That 
standard  applies  to  records  required  by 
specific  standards,  such  as  this  cadmium 
standard.  In  addition,  it  is  OSHA’s 
intention  that  the  employee  should  have 
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similar  access  to  exposure  and  medical 
records  that  are  voluntarily  created  by 
an  employer.  Employees,  their 
designated  representatives,  and  former 
employees  are,  in  general,  allowed 
unrestricted  access  to  all  relevant 
exposure  monitoring  records.  More 
limited  access  is  provided  for  medical 
records.  Access  to  all  the  employee’s 
medical  records  required  to  be  kept 
under  paragraph  (n)(3)  of  this  standard 
is  provided  to  the  subject  employee,  to 
anyone  having  the  subject  employee’s 
specific  written  consent,  and,  after  the 
employee's  death  or  incapacitation,  to 
the  employee’s  family  members.  In 
addition,  OSHA  and  NIOSH  retain 
access  to  both  kinds  of  records,  but  the 
agencies’  access  to  personally 
identifiable  medical  records  is  subject  to 
agency  rules  of  practice  and  procedure 
that  have  been  published  at  29  CFR 
1913.10  (see  45  FR  35384)  and  to  the 
limitations  to  protect  confidentiality 
incorporated  in  29  CFR  1910.20. 

Upon  written  request,  the  employer  is 
required  to  provide  the  records  within  15 
days  to  those  entitled  to  them.  The 
transfer  of  employee  exposure 
monitoring  and  medical  records  is  to  be 
in  accordance  with  the  provisions  of 
paragraph  (h)  of  29  CFR  1910.20.  If  an 
employer  ceases  to  do  business  and 
there  is  no  successor  employer,  the 
employer  is  to  notify  NIOSH  and 
transmit  the  records  to  the  Director  of 
NIOSH  for  retention,  if  requested. 

The  purpose  of  requiring  that  certain 
medical  information  be  made  available 
only  to  someone  with  the  employee's 
specific  written  consent  is  to  assure  that 
confidential  medical  information  not  be 
disseminated  without  a  conscious  and 
specific  decision  by  the  employee 
authorizing  it  It  is  also  to  assure  that 
persons  or  organizations  appropriately 
authorized  by  the  employee  shall  have 
access  to  such  information.  This  might 
include,  for  example,  a  union,  which, 
thereby,  might  be  put  on  notice  of 
potential  health  hazards  in  the 
workplace  that  might  adversely  affect 
the  employee  and  other  similarly 
situated  workers. 

Observation  of  Monitoring:  Paragraph 
(o) 

This  standard  contains  provisions  for 
employee  observation  of  exposure 
monitoring.  This  is  in  accordance  with 
section  8(c)  of  the  OSH  Act,  which 
requires  that  employers  provide 
employees  and  their  representatives 
with  the  opportunity  to  observe 
monitoring  of  employee  exposures  to 
toxic  substances  or  harmful  physical 
agents.  Observation  procedures  are  set 
forth  that  require  the  observer,  whether 
employee  or  designated  representative, 


to  be  provided  with  the  personal 
protective  clothing  and  equipment  that 
is  required  to  be  worn  by  employees 
working  in  the  area.  The  employer  is 
required  to  assure  the  use  of  such 
clothing,  equipment,  and  respirators, 
and  is  responsible  for  assuring  that  the 
observer  complies  with  all  other 
applicable  safety  and  health  procedures. 

Dates:  Paragraph  (p) 

The  standard  will  become  effective  on 
December  14, 1992.  All  obligations 
imposed  by  the  standard  commence  on 
the  effective  date  unless  otherwise 
noted.  All  obligations  that  do  not 
commence  on  the  effective  date  shall  be 
complied  with  as  soon  thereafter  as 
possible  and  in  any  event  no  later  than 
the  start-up  date,  which  is  a  compliance 
deadline. 

Because  small  businesses  frequently 
have  fewer  resources  for  interpreting 
and  implementing  complex  requirements 
to  protect  their  workers,  and  in  order  to 
implement  an  outreach  program  and  to 
provide  technical  assistance  to 
employers  with  small  businesses 
[nineteen  (19)  or  fewer  employees], 
start-up  dates  for  certain  provisions  are 
later  for  these  establishments. 

The  requirements  for  initial  exposure 
monitoring  (paragraph  (d)(2))  and  for 
handwashing  facilities  (paragraph 
(j)(l)(ii))  must  be  completed  no  later 
than  60  days  after  the  effective  date  of 
the  standard  (120  days  for  small 
businesses).  The  requirements  for 
regulated  areas  (paragraph  (e))  and 
respiratory  protection  (paragraph  (g)), 
must  be  completed  no  later  than  90  days 
after  the  effective  date  of  this  standard 
(150  days  for  small  businesses).  The 
requirements  for  initial  medical 
examinations  (paragraph  (1)(2)),  and 
employee  information  and  training 
(paragraph  (m)(4)),  must  be  completed 
no  later  than  90  days  after  the  effective 
date  of  this  standard  (180  days  for  small 
businesses). 

In  addition,  written  compliance 
programs  (paragraph  (f)(2))  shall  be 
completed  and  available  for  inspection 
and  copying  no  later  than  one  (1)  year 
after  the  effective  date  of  the  standard. 
Engineering  and  work  practice  controls 
(paragraph  (f)(1))  generally  are  required 
to  be  fully  implemented  no  later  than 
two  (2)  years  after  the  effective  date. 

Hygiene  and  lunchroom  facilities  must 
be  completed  as  soon  as  possible  and  in 
any  event  no  later  than  1  year  after  the 
effective  date.  As  stated  above, 
handwashing  facilities,  permanent  or 
temporary,  must  be  provided  in 
accordance  with  29  CFR  1910.141  (d)(1)— 
(2)  as  soon  as  possible  and  in  any  event 
no  later  than  60  days  after  the  effective 


date  of  this  section  (120  days  for  small 
businesses). 

With  the  exception  previously  stated 
for  small  businesses,  nearly  all  of  the 
start-up  dates  established  in  this 
standard  are  conventional.  They  have 
been  developed  out  of  OSHA’s 
experience  with  similar  standards  and 
closely  parallel  start-up  dates  in  other 
health  standards  (e.g.,  Lead  Final 
Standard).  The  start-up  dates  in  this 
final  standard  also  closely  parallel  those 
in  the  proposed  cadmium  standard  (55 
FR  4128). 

Some  minor  modifications  have  been 
made  to  the  proposal.  For  example,  the 
effective  date  is  90  days  after 
publication,  rather  than  the  proposed  60 
days.  OSHA  decided  to  give  employers 
slightly  more  time  to  comply  with  the 
standard.  In  addition,  if  employers  do 
not  now  provide  adequate  handwashing 
facilities,  they  are  required  to  provide 
adequate  temporary  or  permanent 
facilities  within  60  days  after  the 
effective  date  (120  days  for  small 
businesses).  The  proposal  did  not 
include  any  requirement  for  prompt 
provision  of  handwashing  facilities.  This 
omission  was  pointed  out  by  a 
commenter,  who  correctly  noted  that 
portable  sinks  and  other  hygiene 
facilities  can  be  readily  provided  (Ex. 
19-7).  OSHA  agrees.  It  is  important  that 
workers  be  able  to  wash  off  any 
cadmium  from  their  hands  and  faces 
before  they  eat,  smoke  and  leave  work. 
This  will  reduce  their  overall  exposure 
to  cadmium  and  limit  the  carrying  of 
cadmium  dust  into  their  cars  and  homes. 
OSHA  believes  that  most  employers 
already  provide  handwashing  facilities 
and  that  the  cost  of  providing  such 
facilities,  where  they  are  not  already 
provided,  is  relatively  modest. 

There  is,  however,  one  more 
substantial  change  to  the  proposed  start¬ 
up  dates  in  this  final  standard.  A 
provision  that  would  have  allowed 
employers  in  certain  circumstances  to 
delay  constructing  all  hygiene  facilities 
for  nearly  three  years  is  deleted.  During 
that  period,  employees  would  have  been 
deprived  of  these  facilities.  The  deletion 
is  made  for  the  same  reason  that  the 
Agency  in  the  final  standard  is  requiring 
the  prompt  provision  of  handwashing 
facilities.  OSHA  is  convinced  that  these 
facilities  are  needed  to  protect  the 
health  of  workers’  exposed  to  cadmium 
above  the  PEL. 

Several  commenters  representing 
management  requested,  without 
providing  adequate  supporting  evidence 
or  data,  that  OSHA  defer  the  start-up 
dates  (compliance  deadlines)  for  various 
provisions.  One,  for  example,  asked  that 
the  start-up  date  for  initial  monitoring 
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be  180,  not  60,  days  after  the  effective 
date.  The  only  reason  provided  for  this 
request  was  the  possible  shortage  of 
industrial  hygienists  (Ex.  19-9).  OSHA 
declines  to  defer  this  start-up  date  for 
several  reasons.  First,  there  is  no 
evidence  of,  or  reason  to  believe  there 
will  be  a  shortage  of  industrial 
hygienists.  Second,  since  the  standard 
now  sets  the  effective  date  at  90,  instead 
of  60,  days  after  promulgation,  all 
employers  will  have  more  time  to 
prepare  for  compliance.  In  addition, 
small  businesses  will  have  120  days 
after  the  effective  date  for  initial 
monitoring.  This  should  allow  an 
employer  concerned  about  a  possible 
shortage  of  industrial  hygienists  to 
contact  one  well  in  advance  of  the 
compliance  deadline  and  arrange  for 
timely  initial  monitoring. 

Another  commenter  argues  that  an 
extended  period  of  time  is  needed  to 
design,  construct  and  learn  how  to 
operate  engineering  controls,  that  start¬ 
up  dates  for  all  other  provisions  of  the 
standard  should  be  set  after  the 
deadline  for  compliance  with  the 
engineering  and  work  practice  controls 
requirement,  and  that  time  be  provided 
for  phasing  in  biological  and  air 
monitoring  sampling  and  MRP  (Ex.  19- 
40).  As  stated  above,  OSHA  believes 
that  the  compliance  times  provided  in 
the  staggered  start-up  dates  are 
reasonable  and  that  no  additional  time 
is  needed  to  come  into  compliance  with 
the  various  requirements.  Employers 
generally  will  have  two  years  from  the 
effective  date  of  the  standard  to 
implement  engineering  controls  to 
achieve  the  PEL  and  to  achieve  the 
SECAL.  Deferring  all  other  start-up 
dates  until  after  the  deadline  for 
achieving  the  PEL  or  SECAL  would 
allow  employees  who  are  currently 
exposed  to  excessive  levels  of  cadmium 
and  not  otherwise  adequately  protected, 
for  example,  by  an  effective  medical 
surveillance  program,  to  continue  to  be 
unnecessarily  exposed  and  unprotected. 

The  Dry  Color  Manufacturers 
Association  (DCMA)  argues  that  time 
also  is  needed  to  standardize  biological 
and  environmental  monitoring  methods 
and  to  set  up  a  laboratory  accreditation 
program  to  assure  the  quality  of  analysis 
of  monitoring  results  (Exs.  120, 19-40). 
OSHA  agrees  that  some  time  is  needed 
for  employers  to  familiarize  themselves 
with  the  requirements  of  medical 
surveillance,  to  develop  appropriate 
methods  to  comply  with  the 
requirements,  especially  with  regard  to 
biological  monitoring,  and  to  locate 
laboratories  with  demonstrated 
proficiency  in  the  relevant  analyses.  As 
a  guide  to  employers  and  others.  OSHA 


has  devoted  considerable  effort  to 
developing  a  non-mandatory  program 
concerning  standardization  of  specimen 
collection  and  handling  and  laboratory 
proficiency  which  is  incorporated  in 
appendix  F.  The  Agency  believes 
employers  who  follow  this  protocol,  or 
other  comparable  criteria  that  are  at 
least  as  comprehensive  and  strict,  will 
be  assured  that  employee  monitoring 
results  are  accurate  and  reliable  and 
will  generally  be  in  compliance  with 
paragraph  (l)(l)(iv)  of  the  standard. 

OSHA  is  aware  that  a  number  of 
laboratories  already  have  demonstrated 
their  proficiency  in  analyzing  CdU  and 
CdB  and  that  the  Phaedabas  kit  is 
widely  accepted  as  assuring  reasonably 
accurate  and  reliable  measurements  of 
/?2-M.  (See  Health  Effects  Section  V.) 
Consequently,  OSHA  sees  no  reason 
why  employers  will  be  unable  to  comply 
with  the  provisions  relating  to  biological 
monitoring  by  the  relevant  start-up  date, 
which  is  90  days  after  the  effective  date 
of  the  standard  (180  days  for  small 
businesses).  The  Agency  is  considering 
establishing  mandatory  provisions  for 
laboratory  proficiency  and 
accreditation. 

Appendices:  Paragraph  (q) 

The  final  cadmium  standard  contains 
six  appendices  that  are  designed  to 
assist  employers  and  employees  in 
implementing  the  provisions  of  this 
standard.  Appendix  C  is  incorporated  as 
part  of  this  standard  and  imposes 
additional  mandatory  obligations  on 
employers  covered  by  this  standard. 
Appendices  A,  B,  D,  E  and  F  are  non- 
mandatory,  except  that  appendices  A,  D, 
and  F  must  be  reviewed  by  physicians 
in  order  for  them  to  be  able  to  medically 
evaluate  employees  covered  by  this 
standard  regarding  any  cadmium- 
related  illnesses.  Also,  questions  3-11 
and  25-32  of  appendix  D  are  required  as 
part  of  the  limited  medical  examination 
that  is  required  prior  to  the  use  of  a 
respirator.  Otherwise,  these  appendices 
are  not  intended  to  add  to,  or  detract 
from  any  obligation  that  the  cadmium 
standard  otherwise  imposes. 

The  Appendices  that  are  included  in 
the  standard  are: 

Appendix  A — Substance  Safety  Data  Sheet, 
Cadmium 

Appendix  B — Substance  Technical 
Guidelines,  Cadmium 

Appendix  C — Qualitative  and  Quantitative 
Fit  Testing  Procedures 
Appendix  D — Medical  and  Occupational 
History  with  Reference  to  Cadmium 
Exposure  (suggested  format) 

Appendix  E — Sampling  and  Analysis 
Appendix  F — Protocol  for  Laboratory 
Standardization  for  Biological 
Monitoring  for  Cadmium 


IX.  Summary  and  Explanation  of  the 
Final  Standard  (Construction  Industries) 

OSHA  believes  that,  based  on 
currently  available  information  in  the 
cadmium  rulemaking  record,  the 
requirements  set  forth  in  this  final  rule 
are  necessary  and  appropriate  to 
provide  adequate  protection  to 
employees  exposed  to  cadmium. 

Based  upon  the  record  evidence  in 
this  rulemaking  (Exs.  8-665;  14-5;  53), 
OSHA  has  developed  a  cadmium 
standard  for  the  construction  industry 
that  is  somewhat  modified  from  the 
standard  for  general,  agriculture,  and 
maritime  industries,  which  is  being 
published  separately  (29  CFR  1910.1027). 
However,  most  of  the  provisions  in  this 
standard  are  the  same  as  those  in  the 
general  industry  standard,  and  most  of 
the  reasons  and  supporting  evidence  for 
the  provisions  are  also  the  same. 
Consequently,  this  preamble  generally 
relies  upon  and  hereby  incorporates  by 
reference  the  preamble  to  the  general 
industry  standard,  where  and  to  the 
extent  relevant.  Thus,  explanations  for 
particular  provisions  in  this  standard 
generally  are  not  repeated  in  this 
preamble  for  provisions  that  are  the 
same  or  essentially  the  same  as  those  in 
the  general  industry  standard.  The 
complete  discussion  of  these  provisions 
can  betfound  in  the  summary  and 
explanation  of  parallel  requirements  in 
the  general  industry  standard  in  the 
preamble  to  that  standard. 

The  language  of  the  standard  and  the 
order  of  the  various  provisions  are 
consistent  with  drafting  in  other  recent 
OSHA  health  standards,  e.g.,  the 
Asbestos  Construction  Standard  (29 
CFR  1926.58).  OSHA  believes  that  a 
similar  style  should  be  followed  from 
standard  to  standard  to  facilitate 
uniformity  of  interpretation  of  similar 
provisions.  Modifications  made  to  the 
cadmium  general  industry  standard 
were  in  response  to  the  particular 
conditions  in  the  construction  industry. 

(a)  Scope 

This  final  cadmium  standard  for  the 
construction  industry  applies  to  all 
occupational  exposure  to  cadmium  and 
ail  cadmium  compounds,  in  all  forms, 
including  fume  and  dust,  and  in  all 
construction  work  where  an  employee 
may  potentially  be  exposed  to  cadmium. 
Such  work  is  defined  as  work  involving 
construction,  alteration  and/or  repair. 
Such  work  includes  but  is  not  limited  to: 
Wrecking,  demolition  or  salvage  of 
structures  where  cadmium  or  materials 
containing  cadmium  are  present;  use  of 
cadmium  containing-paints  and  cutting, 
brazing,  burning,  grinding  or  welding  on 
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surfaces  that  were  painted  with 
cadmium-containing  paints; 
construction,  alteration,  repair, 
maintenance,  or  renovation  of 
structures,  substrates,  or  portions 
thereof,  that  contain  cadmium,  or 
materials  containing  cadmium;  cadmium 
welding;  cutting  and  welding  cadmium- 
plated  or  cadmium  alloy  steel;  brazing 
or  welding  with  cadmium  alloys; 
installation  of  products  containing 
cadmium;  electrical  grounding  with  cad- 
welding,  or  electrical  work  using 
cadmium-coated  conduit;  maintaining  or 
retrofitting  cadmium-coated  equipment; 
cadmium  contamination/emergency 
cleanup;  and  transportation,  disposal, 
storage,  or  containment  of  cadmium  or 
materials  containing  cadmium  on  the 
site  or  location  at  which  construction 
activities  are  performed.  The  standard, 
as  modified  herein  for  the  construction 
industry,  covers  all  occupational 
exposures  to  cadmium,  because  there 
may  be  serious  health  consequences  to 
any  person  who  is  occupationally 
exposed  to  cadmium.  The  risk  from 
exposure  to  cadmium  is  dependent  on 
the  extent  of  exposure  and  not  on  the 
segment  of  industry  where  the  employee 
may  be  employed.  OSHA  estimates  that 
approximately  70,000  employees  are 
potentially  exposed  to  cadmium  in  the 
construction  industry  (Table  VIII-Al, 
Office  of  Regulatory  Analysis, 

Regulatory  Impact  Assessment  Section). 
This  is  slightly  more  than  1%  of  the 
5,000,000  construction  workers  and 
about  13%  of  all  525,000  workers 
potentially  exposed  to  cadmium  in  all 
industry  segments. 

Under  the  Construction  Safety  Act  (40 
U.S.C.  333),  29  CFR  1911.10  and  29  CFR 
1912.3,  OSHA  consults  with  the 
Advisory  Committee  on  Construction 
Safety  and  Health  (ACCSH)  regarding 
the  formulation  of  regulatory  proposals 
that  have  significant  or  unique 
application  to  employment  in 
construction.  In  accordance  with  that 
Act,  OSHA  in  mid-1989  consulted  with 
ACCSH.  At  the  time,  and  with  the 
Advisory  Committee’s  approval,  the 
Agency  planned  to  protect  construction 
workers  within  the  standard  for  general 
industry.  At  its  meeting  on  September 
13, 1989,  ACCSH  recommended  that 
OSHA  publish  a  separate  cadmium 
standard  for  the  construction  industry  in 
29  CFR  part  1926,  with  certain 
provisions  of  the  general  industry 
standard  tailored,  as  necessary,  to  the 
particular  conditions  in  construction. 
The  Advisory  Committee  established  a 
working  group  to  develop  comments  on 
the  cadmium  proposal  and  to  consider 
what,  if  any,  modifications  to  the 
general  industry  standard  were 


reasonably  necessary  and  appropriate 
to  protect  construction  workers  from 
cadmium  exposure. 

OSHA  discussed  these  matters  with 
the  Construction  Advisory  Committee 
and  agreed  to  place  whatever  final 
cadmium  standard  was  applicable  to  the 
construction  industry  in  29  CFR  part 
1926.  On  February  6, 1990  in  its  notice  of 
proposed  rulemaking  (55  FR  4052), 

OSHA  proposed  to  include  the 
construction  industry  in  the  cadmium 
standard  for  general  industry.  However, 
the  Agency  also  gave  express  notice  in 
that  document  that  the  final  standard  for 
construction  would  be  published  in  part 
1926.  OSHA  also  gave  notice  that  the 
Advisory  Committee’s  comments  and 
other  record  evidence  might  lead  the 
Agency  in  the  cadmium  rulemaking  to 
promulgate  a  standard  for  the 
construction  industry  that  might  be 
different  in  some  respects  from  the 
standard  to  be  promulgated  for  general 
industry  (29  CFR  1910.1027).  OSHA 
expressly  requested  the  public  and 
interested  parties  to  provide  information 
and  comments  on  how,  if  at  all,  the 
proposed  cadmium  standard  should  be 
modified  if  a  distinctive  standard  for  the 
construction  industry  were  to  be 
developed  out  of  the  unitary  proposal 
(55  FR  4053). 

Based  upon  the  record  evidence  in 
this  rulemaking,  including  pre-hearing 
comments  submitted  by  the  Advisory 
Committee  concerning  special  working 
conditions  in  the  construction  industry, 
testimony  at  the  public  hearing  by  a 
representative  of  the  Committee,  and  the 
draft  of  recommended  modifications  to 
the  proposed  rule  submitted  by  the 
Committee  (Exs.  8-665;  14-5;  53),  OSHA 
has  developed  a  separate  and  somewhat 
modified  cadmium  standard  for  the 
construction  industry,  29  CFR  1926.63. 

The  only  important  issue  raised  in  the 
rulemaking  concerning  the  scope  of  the 
proposed  cadmium  standard  was 
whether  the  standard  should  apply  to 
the  construction  industry,  as  well  as 
general  industry.  Several  commenters 
favored  covering  the  construction 
industry  in  the  general  industry 
standard  (Exs.  19-8;  19-21;  57;  Tr.  7/17/ 
90,  pp.  51-217).  However,  a 
representative  of  OSHA’s  Advisory 
Committee  on  Construction  Safety  and 
Health  testified  in  opposition  to 
extending  the  general  industry  standard 
to  construction  and  in  favor  of  a 
construction-specific  standard  that 
would  address  the  unique  conditions  in 
that  industry  (Tr.  6/13/90;  pp.  4-16). 

OSHA  agrees  with  the  Advisory 
Committee  that  such  a  standard  is 
needed.  Thus,  OSHA  is  publishing  this 
separate  standard  for  the  construction 


industry  that  is  comparable  to  the 
general  industry  standard  but  adapted 
to  the  particular  conditions  of  the 
construction  industry.  The  primary 
concern  reflected  in  the  comments 
favoring  inclusion  of  the  construction 
industry  within  the  scope  of  the  general 
industry  standard  is  that  construction 
workers  be  assured  prompt  and 
adequate  protection  from  excess 
exposure  to  cadmium.  OSHA  believes 
that  this  can  be  accomplished  more 
effectively  by  promulgation  of  a 
comparably  protective,  construction- 
specific  standard,  in  conjunction  with 
the  promulgation  of  a  general  industry 
standard  that  excludes  the  construction 
industry. 

A  full  discussion  of  the  scope 
provision  is  provided  in  the  summary 
and  explanation  of  the  general  industry 
standard. 

Definitions 

Paragraph  (b). 

Action  level.  The  final  standard 
retains  the  same  definition  of  “action 
level”  (AL)  incorporated  in  the  proposal 
for  the  permissible  exposure  limit  (PEL) 
of  5  /xg/m3.  The  action  level  is  defined 
as  an  airborne  concentration  of 
cadmium  of  2.5  pg/m3,  calculated  as  an 
6-hour,  time-weighted  average. 

The  action  level  provides  the  airborne 
concentration  of  cadmium  at  or  above 
which  medical  surveillance,  air 
monitoring,  and  the  provision  of  a 
respirator  to  any  employee  who  requests 
one  are  required.  Other  requirements  of 
the  standard  are  not  triggered  until 
exposures  exceed  the  PEL.  Where 
exposures  are  determined  to  be  below 
the  action  level,  no  compliance  activities 
are  required  of  the  employer,  except 
those  required  by  paragraphs  (d)(4), 
(m)(3)  and  (m){4)  of  this  standard  for 
hazard  communication.  A  full  discussion 
of  the  issues  related  to  the  action  level  is 
included  in  the  summary  and 
explanation  of  the  general  industry 
standard. 

Competent  person,  in  accordance  with 
29  CFR  1926.32(f),  means  a  person 
designated  by  the  employer  to  act  on  the 
employer’s  behalf  who  is  capable  of 
identifying  existing  and  potential 
cadmium  hazards  in  the  workplace  and 
the  proper  methods  to  control  them  in 
order  to  protect  workers,  and  who  has 
the  authority  necessary  to  take  prompt 
corrective  measures  to  eliminate  or 
control  such  hazards.  The  duties  of  a 
competent  person  under  this  standard 
shall  include  at  least  the  following: 
Determining  prior  to  the  performance  of 
work  whether  cadmium  is  present  in  the 
workplace;  establishing,  where 
necessary,  regulated  areas  and  assuring 
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that  access  to  and  from  those  areas  is 
limited  to  authorized  employees; 
assuring  the  adequacy  of  any  employee 
exposure  monitoring  required  by  this 
standard;  assuring  that  all  employees 
exposed  to  air  cadmium  levels  above 
the  PEL  wear  the  appropriate  personal 
protective  equipment  and  are  trained  in 
the  use  of  appropriate  methods  of 
exposure  control;  assuring  that  proper 
hygiene  facilities  are  provided  and  that 
workers  are  trained  to  use  those 
facilities;  and  assuring  that  the 
engineering  controls  required  by  this 
standard  are  implemented,  maintained 
in  proper  operating  condition,  and 
functioning  properly. 

In  comments  made  to  OSHA  (Ex.  57), 
the  Advisory  Committee  on 
Construction  Occupational  Safety  and 
Health  (ACCSH)  and  its  Task  Force  on 
cadmium  requested  that  OSHA  include 
the  definition  of  a  competent  person,  as 
defined  in  29  CFR  1926.32(f),  and  that 
OSHA  outline  the  duties  and 
responsibilities  of  that  competent  person 
in  the  cadmium  standard  for  the 
construction  industry.  OSHA  recognizes 
the  need  for  a  competent  person  in 
construction.  Safety  and  health 
problems  on  a  construction  site  are 
sufficiently  complex  and  unique  to 
justify  requiring  the  employer  to  appoint 
an  identifiable  “competent  person”  who 
is  on  site  to  act  on  the  employer’s  behalf 
in  this  regard.  For  example,  multiple 
employers  may  be  working  on  different 
projects  at  a  particular  worksite  or  in 
adjacent  worksites,  as  part  of  the  same 
overall  construction  job.  As  a  result, 
actions  by  one  employer  on  the  worksite 
may  subject  employees  of  other 
employers  to  occupational  hazards. 

Moreover,  hazards  on  construction 
jobs  may  vary  according  to 
environmental  conditions  (e.g.,  open  air 
exposure,  confined  spaces),  workforce 
turnover,  the  processes  involved  and  the 
frequency  and  duration  of  exposures. 
The  ACCSH  Task  Force  identified 
specific  jobs,  (e.g.,  welder,  painter, 
electrical  worker)  and  specific  tasks 
(e.g.,  brazing/buming/ welding  surfaces 
that  were  painted  with  cadmium  prior  to 
1970)  in  which  cadmium  exposures  were 
expected  to  be  high  and  therefore 
needed  to  be  carefully  monitored.  The 
Task  Force  indicated  that  cadmium 
exposures  in  the  construction  industry 
typically  are  short-term  and 
intermittent,  although  some  jobs 
periodically  may  involve  long-term 
chronic  exposures.  However,  the  Task 
Force  also  indicated  that  no  accurate 
exposure  data  were  available  regarding 
the  average  length  of  exposure  per 
week,  exposure  levels,  and  worker 
turnover  in  various  job  categories. 


Consequently,  there  is  an  obvious  need 
for  site  characterization  and  analysis  by 
a  competent  person  who  is  able  to 
identify  the  hazards  present  and  the 
types  of  control  measures  that  are 
effective. 

Site  characterization  is  a  continuous 
process  because  of  changing 
environmental  and  work  conditions  as  a 
construction  job  is  being  completed.  At 
each  phase  of  site  characterization, 
information  must  be  obtained  and 
evaluated  to  define  the  potential 
hazards  on  the  site.  That  information 
must  be  collected  and  evaluated  by  a 
person  designated  to  represent  the 
employer  and  who  is  capable  of 
identifying  and  controlling  hazards.  For 
these  reasons,  OSHA  agrees  with  the 
ACCSH  Task  Force  and  is  including  this 
definition  of  a  competent  person  (Exs. 
14-5;  57). 

Employee  exposure  is  defined  as  the 
exposure  to  airborne  cadmium  that 
would  occur  if  the  employee  were  not 
using  respiratory  equipment.  This 
definition  is  intended  to  apply  to  all 
variations  of  the  term  “employee 
exposure”  that  have  essentially  the 
same  meaning,  such  as  “exposed 
employee”  and  “exposure”.  The 
definition  is  consistent  with  OSHA’s 
previous  use  of  the  term  in  other 
standards. 

Final  medical  determination  is  the 
physicians  written  medical  opinion  of 
the  employee’s  health  status.  Under 
paragraphs  (1)(3)-(1)(12),  the  written 
medical  opinion  of  the  examining 
physician  is  the  "final  medical 
determination.”  Where  either  multiple 
physician  review  or  the  alternative 
physician  determination  mechanism  has 
been  invoked  under  paragraph  (1)(13)  or 
(1)(14),  respectively,  the  final  medical 
determination  is  the  final,  written 
medical  finding,  determination  or 
recommendation  that  emerges  from  that 
process. 

The  terms  “Assistant  Secretary ”, 

“ authorized  person”,  “ Director ”,  “ high- 
efficiency  particulate  absolute  [HEP A] 
air  filted',  and  “regulated  area”  are 
defined  in  this  final  standard  essentially 
as  proposed.  These  definitions  are 
based  on  OSHA’s  previous  experience 
and  are  consistent  with  OSHA’s  use  of 
these  terms  in  other  health  standards. 
These  definitions  generally  have  not 
been  commented  upon.  The  employers’ 
obligations  with  respect  to  HEPA  filters 
and  regulated  areas  are  discussed  later 
in  this  preamble.  In  the  discussion  of 
regulated  areas  a  clarification  in  the 
final  standard  is  explained. 

Permissible  Exposure  Limit  (PEL) 
Paragraph  (c). 


Employers  are  required  to  assure  that 
no  employee  is  exposed  to  an  airborne 
concentration  of  cadmium  in  excess  of 
the  permissible  exposure  limit  (PEL)  of  5 
micrograms  of  cadmium  per  cubic  meter 
of  air  (p.g/m3).  A  full  discussion  of  this  is 
included  in  the  summary  and 
explanation  of  the  general  industry 
standard. 

Exposure  Monitoring 

Paragraph  (d). 

This  final  standard  imposes 
monitoring  requirements  pursuant  to 
section  6(b)(7)  of  the  OSH  Act  (29  U.S.C. 
655),  which  mandates  that  any  standard 
promulgated  under  section  6(b)  shall, 
where  appropriate,  “provide  for 
monitoring  or  measuring  of  employee 
exposure  at  such  locations  and 
intervals,  and  in  such  manner  as  may  be 
necessary  for  the  protection  of 
employees.”  To  this  end,  as  discussed 
below,  OSHA  has  made  four  significant 
changes  to  the  monitoring  requirements 
included  in  the  cadmium  standard  for 
general  industry. 

First,  prior  to  the  performance  of  any 
construction  work  where  employees 
may  be  potentially  exposed  to  cadmium, 
the  employer  is  required  by  paragraph 
(d)(l)(i)  to  establish  the  applicability  of 
this  standard  by  determining  whether 
cadmium  is  present  in  the  workplace 
and  whether  there  is  a  possibility  that 
an  employee  may  be  exposed  to 
cadmium  at  or  above  the  AL.  The 
employer  must  designate  a  competent 
person  to  make  this  determination. 
Investigation  and  material  testing 
techniques  are  to  be  used,  as 
appropriate,  in  the  determination. 
Investigation  should  include  a  review  of 
relevant  plans,  past  reports,  material 
safety  data  sheets,  and  other  available 
records,  and  consultations  with  the 
property  owner  and  discussions  with 
appropriate  individuals  and  agencies. 
Material  testing  techniques  may  include 
a  “spot  test  analysis"  designed  for 
geochemical  applications,  i.e.,  for 
rigorous  and  sensitive  analyses  of 
cadmium  content  in  complex  matrices, 
which  was  reviewed  by  ACCSH  and 
may  be  used  for  on-site  identification  of 
the  presence  of  cadmium  (Ex.  14-5). 

In  comments  to  OSHA,  the  Task  Force 
specifically  indicated  that  in  the 
construction  of  new  buildings  or 
structures,  any  cadmium  that  is  to  be 
used  will  be  specified  on  the  blueprints 
and  contracts  used  in  developing  the 
plans  of  that  construction  activity.  In 
these  cases,  the  presence  of  cadmium  at 
a  particular  worksite  will  be  known 
prior  to  the  initiation  of  any  work  (Ex. 
14-5).  However,  in  the  case  of  wrecking 
and  demolition,  or  retrofitting  and  repair 
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of  existing  equipment,  such  information 
may  not  be  available.  In  the  latter  case, 
prior  to  the  initiation  of  any  work,  it 
must  be  determined  whether  cadmium  is 
present  at  the  worksite.  For  that 
purpose,  the  investigation  and  material 
testing  techniques,  discussed  above, 
may  provide  information  about  the 
presence,  location,  and  extent  of 
cadmium  (Ex.  14-5). 

Under  paragraph  (d)(l)(i),  where 
cadmium  has  been  determined  to  be 
present  in  the  workplace,  and  the 
possibility  that  some  employee  will  be 
exposed  at  or  above  the  AL  has  been 
established,  the  competent  person  is  to 
identify  employees  potentially  exposed 
to  cadmium  at  or  above  the  action  level. 
This  identification  may  be  based  upon 
any  information,  observations,  or 
calculations  that  would  indicate 
employee  exposure  to  cadmium, 
including  any  previous  measurements  of 
airborne  cadmium.  As  indicated  in  the 
definition  section  of  this  standard, 
employee  exposure  is  the  exposure  to 
airborne  cadmium  that  would  occur  if 
the  employee  were  not  using  a 
respirator. 

Under  paragraph  (d)(2)(l)  (i)  and  (ii), 
and  except  as  provided  for  in  paragraph 
(d)(2)(iii),  where  an  employee  has  been 
identified  as  potentially  exposed  to 
cadmium  at  or  above  the  action  level, 
the  employer  must  conduct  initial 
exposure  monitoring  as  soon  as 
practicable  that  is  representative  of  the 
exposure  for  each  employee  in  the 
workplace  who  is  or  may  be  exposed  to 
cadmium  at  or  above  the  action  level.  In 
certain  circumstances,  sampling  each 
employee’s  exposure  to  cadmium  may 
be  required  for  initial  monitoring. 
However  in  many  cases,  the  employer 
under  paragraph  (d)(l)(iv)  may  monitor 
selected  employees  to  determine 
“representative  employee  exposures." 

Second,  under  paragraph  (d)(2)(h),  if 
the  employee  periodically  performs 
tasks  that  may  expose  the  employee  to  a 
higher  concentration  of  airborne 
cadmium,  the  employee  must  be 
monitored  while  performing  those  tasks. 
This  provision  was  added  to  this 
standard  because  employees  in  the 
construction  industry  are  more  likely 
than  in  general  industry  to  perform  such 
tasks.  The  provision  only  makes  express 
an  obligation  to  monitor  that  is  implicit 
in  the  general  industry  standard.  The 
competent  person  should  assure  that 
any  exposure  monitoring  required  by 
this  standard  is  performed  adequately. 

Under  paragraph  (d)(3)(i),  if  the  initial 
monitoring  or  periodic  monitoring 
reveals  employee  exposures  to  be  at  or 
above  the  action  level,  the  employer 
shall  monitor  at  a  frequency  and  pattern 
needed  to  assure  that  the  monitoring 


results  reflect  with  reasonable  accuracy 
the  employee’s  typical  exposure  levels, 
given  the  variability  in  the  tasks 
performed,  work  practices,  and 
environmental  conditions  on  the  job 
site,  and  to  assure  the  adequacy  of 
respiratory  selection  and  the 
effectiveness  of  engineering  and  work 
practice  controls. 

Third,  unlike  the  general  industry 
standard  for  cadmium,  no  minimum 
frequency  for  monitoring  is  required  by 
this  standard.  That  is  because  the  nature 
of  much  construction  work  and  the 
changing  nature  of  the  job  and  work 
conditions  would  often  limit  the  value  of 
periodic  monitoring  on  a  fixed  schedule, 
e.g.,  semi-annual  monitoring.  For 
example,  for  the  many  jobs  that  run  less 
than  six  months,  it  would  make  no  sense 
to  require  the  employer  to  monitor  at 
least  every  six  months.  Moreover,  for 
tasks  that  are  performed  episodically  in 
the  course  of  a  job,  semi-annual 
monitoring  also  would  be  of 
questionable  value. 

Fourth,  under  paragraph  (d)(5)(i),  no 
later  than  five  working  days  after  the 
receipt  of  the  results  of  any  monitoring 
performed  under  this  section,  the 
employer  shall  notify  each  affected 
employee  individually  in  writing  of  the 
results  and  shall  post  the  results  in  an 
appropriate  location  that  is  accessible  to 
affected  employees.  This  is  a  change 
from  the  general  industry  standard, 
which  allows  the  employer  15  days  to 
notify  the  affected  employee  of  his/her 
monitoring  results.  OSHA  concluded 
that  a  shorter  notice  period  would  be 
appropriate  for  the  construction  industry 
in  light  of  the  short  term  nature  of  many 
construction  jobs. 

The  changes  in  the  language  of  the 
general  industry  standard  basically 
follows  the  recommendations  of  the 
ACCSH  Task  Force  on  cadmium  (Ex. 

57).  A  full  discussion  of  the  monitoring 
requirements  in  this  standard  can  be 
found  in  the  summary  and  explanation 
of  the  general  industry  standard. 

Regulated  Areas 

Paragraph  (e). 

Under  paragraph  (e)(1)  and  (e)(2), 
whenever  an  employee  exposed  to 
cadmium  is  or  can  reasonably  be 
expected  to  be  in  excess  of  the 
permissible  exposure  limit  (PEL),  the 
employer  is  required  to  establish  a 
regulated  area  that  is  adequately 
demarcated  and  alerts  employees  of  its 
boundaries  and  that  protects  employees 
from  airborne  exposures  in  excess  of  the 
PEL.  OSHA  recommends  that  the 
employer  consider  establishing 
regulated  areas  wherever  the  following 
construction  activities  are  conducted: 
Electrical  grounding  with  cad-welding; 


cutting,  brazing,  burning,  grinding  or 
welding  on  surfaces  that  were  painted 
with  cadmium-containing  paints; 
electrical  work  using  cadmium-coated 
conduit;  use  of  cadmium  containing 
paints;  cutting  and  welding  cadmium- 
plated  steel;  brazing  or  welding  with 
cadmium  alloys;  fusing  of  reinforcing 
steel  by  cadmium  welding;  maintaining 
or  retrofitting  cadmium-coated 
equipment;  and  wrecking  and 
demolition  where  cadmium  is  present.  A 
full  discussion  of  regulated  areas  is 
provided  in  the  summary  and 
explanation  of  the  general  industry 
standard. 

Methods  of  Compliance 

Paragraph  (f). 

Under  paragraph  (f)(l)(i),  the 
employer  is  required  to  implement 
engineering  and  work  practice  controls 
to  reduce  and  maintain  employee 
exposure  to  cadmium  at  or  below  the 
PEL,  except  to  the  extent  that  the 
employer  can  demonstrate  such  controls 
are  not  feasible.  Under  paragraph 
(f)(l)(ii),  the  requirement  to  implement 
engineering  controls  to  achieve  the  PEL 
does  not  apply  where  the  employer 
demonstrates  that  no  employee  is 
exposed  above  the  PEL  on  30  or  more 
days  per  year  by  the  employer  and  that 
any  employee  who  is  exposed  above  the 
PEL  on  29  or  fewer  days  is  only  exposed 
intermittently,  by  which  OSHA  means 
that  the  employee  is  effectively  not 
exposed  to  cadmium  on  any  more  than 
29  days. 

The  provisions  in  paragraph  (f)(1)  are 
basically  the  same  as  those  in  the 
cadmium  standard  for  general  industry. 
However,  unlike  the  general  industry 
standard,  there  is  no  provision  in  this 
standard  for  a  separate  engineering 
control  air  limit  (SECAL),  because  there 
appears  to  be  no  need  in  the 
construction  industry  for  such  a  higher 
engineering-and-work-practice-control 
limit.  No  comment  was  received  on  the 
need  for  a  SECAL  in  any  construction 
sector  during  the  rulemaking. 
Consequently,  employers  in  the 
construction  industry,  like  the  vast 
majority  of  employers  covered  by  the 
general  industry  standard  (Ex.  13),  will 
have  to  implement  engineering  and  work 
practice  controls,  to  the  extent  feasible, 
to  control  air  cadmium  levels  to  the  PEL 
The  other  provisions  in  paragraph  (f)(2)— 
(3)  also  are  in  general  agreement  with 
the  general  industry  standard. 

However,  under  paragraphs  (f)(2)— (3). 
several  construction-specific 
modifications  were  added  to  the  general 
industry  standard.  First  under  (f)(2)(i), 
abrasive  blasting  on  cadmium  or 
cadmium-containing  materials  is  to  be 
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conducted  in  a  manner  that  will  provide 
adequate  protection.  Second  under 
paragraph  (f)(2)(ii),  heating  cadmium 
and  cadmium-containing  materials  and 
welding,  cutting,  and  other  forms  of 
heating  of  cadmium  or  cadmium- 
containing  materials  shall  be  conducted 
in  accordance  with  the  requirements  of 
29  CFR  1926.353  and  29  CFR  1926.354, 
where  applicable. 

Third,  under  paragraph  (f)(3)(i),  in 
cases  where  cadmium  exposures  will  be 
above  the  TWA  PEL,  high  speed 
abrasive  disc  saws  or  similar  abrasive 
power  equipment,  such  as  power 
grinders,  rotary  peening  machines, 
needle  guns,  power  brushes,  and  power 
sanders,  must  be  equipped  with 
appropriate  engineering  controls  to 
minimize  emissions.  In  cases  in  which 
the  exposure  level  is  uncertain,  the 
employer  or  the  designated  competent 
person  should  determine  the  exposure 
level. 

Fourth,  under  paragraph  (f)(3)(ii), 
materials  containing  cadmium  should 
not  be  applied  by  spray  methods  if  the 
resultant  exposures  are  above  the  TWA 
PEL,  unless  employees  are  protected 
with  appropriate  respirators,  i.e., 
supplied-air  respirators  with  full 
facepiece,  hood,  helmet,  suit,  operated  in 
positive  pressure  mode,  and  unless 
specific  measures  are  instituted  to  limit 
overspray  and  prevent  contamination  of 
adjacent  areas.  In  those  cases  in  which 
exposure  levels  are  uncertain,  the 
employer  or  designated  competent 
person  should  determine  whether 
exposures  from  such  operations  will  be 
at  or  below  the  TWA  PEL. 

According  to  comments  submitted  to 
OSHA  (Ex.  14-5, 10/13/89),  cadmium  is 
now  considered  to  be  a  contaminant  in 
coatings  in  the  construction  industry* 
That  is,  cadmium  is  only  found  in 
“microscopic”  quantities,  and  for  all 
practical  purposes  is  not  applicable  in 
construction  activities  that  involve  new 
coatings.  However,  cadmium  is  a 
component  of  coatings  applied  prior  to 
1970,  and  OSHA  is  particularly 
concerned  about  the  health  hazards  to 
workers  who  handle  such  coatings. 
According  to  industry  comments,  about 
twenty  years  ago,  cadmium  was  used,  at 
times,  as  a  substitute  and  supplemental 
filler-pigment,  in  conjunction  with  lead 
in  primers  and  other  heavy  metal 
pigmented  coatings.  However,  as  a 
result  of  the  lead  regulations  and  the 
cost  of  the  use  of  multi-metal  pigments, 
their  use  was  discontinued. 

Therefore,  the  ACCSH  Task  Force 
focused  its  comments  on  the  relevance 
of  the  cadmium  standard  to  activities 
that  involve  remodeling  or  renovation 
projects.  In  cases  where  old  coatings  are 
removed,  primary  concern  would  be 


where  at  least  two-three  coats  of  primer 
on  steel  had  been  applied,  prior  to  1970, 
to  a  thickness  of  15/1, 000th  of  an  inch.  If 
“old”  primer  is  to  be  burned  off, 
complete  burning  should  be  carried  out 
in  such  a  manner  so  as  to  control 
cadmium  exposures  to  levels  that  are  at 
or  below  the  TWA  PEL  (Ex.  14-5, 10/13 / 
89). 

The  employer’s  obligation  in 
paragraph  (f)(5)  of  this  standard 
concerning  a  compliance  program  is 
similar  to  the  obligation  in  the  general 
industry  standard  It  requires  the 
employer,  where  employee  exposure  is 
above  the  PEL,  to  establish  and 
implement  a  written  compliance 
program  to  reduce  employee  exposure  to 
or  below  the  PEL.  However,  there  are 
three  ways  in  which  the  obligation 
under  this  standard  differs  somewhat 
from  the  obligation  in  the  general 
industry  standard.  First,  since  specific 
elements  of  the  written  plan  required  in 
the  general  industry  standard  might 
prove  burdensome  and  inappropriate  in 
construction  jobs  and  industries,  no 
specific  elements  of  the  plan  are 
required  by  this  standard.  Nonetheless, 
OSHA  recommends  that  such  plans 
include  as  many  of  the  elements 
required  in  the  general  industry 
standard  as  are  appropriate.  Second,  the 
compliance  plan  must  be  established 
and  implemented,  to  the  extent 
appropriate,  prior  to  beginning  the  job. 
Because  countless  construction  jobs  will 
be  undertaken  after  promulgation  of  this 
standard,  OSHA  has  made  explicit  the 
obligation  to  establish  and  implement  a 
compliance  plan  prior  to  commencing 
work.  In  fact,  the  same  obligation  is 
implicit  in  the  general  industry  standard 
for  plants  that  are  opened  subsequent  to 
the  promulgation  of  that  standard. 

Under  paragraph  (f)(5)(ii),  written 
compliance  programs  must  be  reviewed 
and  updated  as  often  and  as  promptly  as 
necessary  to  reflect  significant  changes 
in  the  employer’s  compliance  status  or 
where  it  was  infeasible  to  achieve  the 
PEL  exclusively  by  engineering  and 
work  practice  controls,  to  reflect 
significant  changes  in  the  lowest  air 
cadmium  level  that  is  technologically 
feasible.  However,  under  paragraph 
(f)(5)(iii),  a  competent  person  is  to 
review  the  comprehensive  compliance 
program  initially  and  after  each  change. 
OSHA  believes  it  is  important  that  the 
compliance  program,  which  is  the 
overall  plan  for  protecting  workers  from 
occupational  hazards,  be  carefully 
reviewed  by  a  competent  person.  Under 
paragraph  (f)(5)(iv),  written  compliance 
programs  are  to  be  submitted  upon 
request  for  examination  and  copying  to 
the  Assistant  Secretary,  the  Director, 


affected  employees,  and  designated 
employee  representatives. 

To  control  the  hazards  associated 
with  cadmium  exposure,  primary 
reliance  in  this  standard  is  still  placed 
upon  engineering  controls  and  work 
practices,  which  is  consistent  with  good 
industrial  hygiene  practice  (Tr.  7/17/90; 
pp.  56,  77;  Exs.  19-8;  19-21)  and  with  the 
Agency’s  traditional  adherence  to  a 
hierarchy  of  controls  that  prefers 
engineering  and  work  practice  controls 
over  reliance  upon  respirators.  The 
primary  reliance  upon  engineering  and 
work  practice  controls  is  also  supported 
by  some  employers  and  company 
doctors  (Exs.  19-31;  1^-19-57;  118;  19-2). 
However,  OSHA  is  aware  that  in  the 
construction  industry  there  are  likely  to 
be  a  considerable  number  of  situations 
in  which  engineering  controls  are  not 
feasible.  A  complete  discussion  of 
methods  of  compliance  can  be  found  in 
the  summary  and  explanation  of  the 
preamble  to  the  cadmium  standard  for 
general  industry. 

Respiratory  Protection 

Paragraph  (g). 

This  final  standard  adopts  the 
proposed  respiratory  protection 
provisions  with  little  or  no  substantial 
modification  and  is  basically  the  same 
as  the  cadmium  standard  for  general 
industry.  The  provisions  of  this  standard 
are  in  keeping  with  requirements  for 
respiratory  protection  in  other  OSHA 
health  standards  (Lead  29  CFR 
1910.1025;  Benzene  29  CFR  1910.1028), 
recent  developments  in  the  field,  and 
OSHA’s  revision  of  the  generic  standard 
on  respiratory  protection  (29  CFR 
1910.134). 

Respirators  are  necessary  as 
supplementary  protection  to  reduce 
employee  exposure  when  engineering 
and  work  practice  controls  cannot 
achieve  the  necessary  reduction  to  or 
below  the  PEL.  Respirators  may  also  be 
necessary  at  other  times,  for  example: 
While  engineering  and  work  practice 
controls  are  being  implemented,  during 
emergency  situations,  during 
intermittent  exposures  under  the  30- 
working  day  exclusion  when 
engineering,  and  work  practice  controls 
are  not  required,  and  for  brief  or 
intermittent  exposures  that  cannot  be 
controlled  through  engineering  and  work 
practice  controls.  A  respirator  also  must 
be  provided  by  the  employer  for  all 
authorized  employees  in  regulated 
areas. 

Because  of  the  risk  of  serious  adverse 
health  effects  from  cadmium  exposures, 
OSHA  accepts  the  need  for  requiring 
respirators  in  the  above  mentioned 
circumstances  in  order  to  reduce  an 
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employee’s  cumulative  dose  of 
cadmium. 

Table  2  lists  the  type  of  respirator  to 
be  used  at  each  airborne  concentration 
of  cadmium  in  the  workplace.  The 
standard  requires  fit  testing  of  all 
respirators  to  assure  at  least  a 
minimally  acceptable  fit.  It  is  also 
important  that  all  employees  who  wear 
respirators  be  medically  screened  to 
determine  employee  fitness  for 
respirator  usage. 

Paragraph  (l)(6)(ii)  of  this  standard, 
therefore,  generally  requires  that 
medical  examinations  be  made 
available  to  workers  with  a  job  that 
requires  the  use  of  a  respirator  prior  to 
assignment  to  that  job.  A  complete 
discussion  of  this  respirator  provision 
can  be  found  in  the  summary  and 
explanation  of  the  preamble  to  the 
cadmium  standard  for  general  industry. 
That  discussion  is  fully  applicable  to  the 
requirements  in  paragraph  (g)  of  this 
standard  because  they  are  the  same  as 
the  parallel  requirements  in  the  general 
industry  standard. 

Emergency  Situations 

Paragraph  (h). 

To  deal  with  emergency  situations, 
the  employer  must  develop  and 
implement  a  written  plan  for  emergency 
situations  involving  substantial  releases 
of  airborne  cadmium.  This  provision 
basically  tracks  the  proposed  cadmium 
standard  and  is  the  same  as  the 
cadmium  standard  for  general  industry. 
A  fuller  discussion  of  this  provision  can 
be  found  in  the  summary  and 
explanation  of  the  parallel  provision  in 
the  preamble  to  the  general  industry 
standard. 

Protective  Work  Clothing  and 
Equipment 

Paragraph  (i). 

This  final  standard,  with  few 
substantial  modifications,  adopts  the 
requirements  of  the  proposed  cadmium 
standard  and  is  basically  the  same  as 
the  general  industry  standard  regarding 
protective  clothing  and  equipment. 

These  requirements  are  typical  of  other 
OSHA  health  standards  and  are  based 
upon  widely  accepted  principles  and 
conventional  practices  of  industrial 
hygiene. 

Clean  protective  clothing  and 
equipment  shall  be  provided  by  the 
employer  at  least  weekly,  and  more 
often  as  necessary  to  assure  its 
effectiveness,  to  each  affected  employee 
and  at  no  cost  to  the  employee.  OSHA 
recommends  that  clean  protective 
clothing  be  provided  at  least  daily  for 
employees  with  exposure  to  cadmium  at 
levels  approaching  or  exceeding  100  p.g / 
m3.  Removal  of  cadmium  from 


protective  clothing  by  blowing,  shaking, 
or  any  other  means  that  disperse 
cadmium  into  the  air  is  prohibited. 

A  complete  discussion  of  this 
paragraph  regarding  protective  clothing 
and  equipment  can  be  found  in  the 
summary  and  explanation  of  the 
preamble  to  the  cadmium  standard  for 
general  industry.  That  discussion  is  fully 
applicable  to  the  requirements  in  this 
standard  because  they  are  essentially 
the  same  as  the  parallel  requirements  in 
the  general  industry  standard. 

Hygiene  Areas  and  Practices 

Paragraph  (j). 

This  final  standard,  like  the  proposal, 
requires  employers  to  provide 
employees  exposed  to  cadmium  above 
the  PEL  with  hygiene  and  lunchroom 
facilities  and  to  assure  employee 
compliance  with  basic  hygiene  practices 
to  minimize  additional  potential  sources 
of  exposure  to  cadmium.  With  the 
exception  of  the  start-up  date,  in 
paragraph  (p),  below,  the  requirements 
in  this  standard  are  essentially  the  same 
as  those  in  the  parallel  provision  in  the 
cadmium  standard  for  general  industry. 

OSHA  believes  it  is  essential  for 
employees  to  have  separate  locker  and 
storage  facilities  for  street  and  work 
clothing  to  prevent  cross-contamination 
of  their  street  clothes.  This  provision 
will  minimize  employee  exposure  to 
cadmium  after  the  work  shift  ends, 
because  it  reduces  the  period  during 
which  they  may  be  exposed  to 
cadmium-contaminated  work  clothes. 

A  complete  discussion  of  this 
paragraph  regarding  hygiene  facilities 
and  practices  can  be  found  in  the 
summary  and  explanation  of  the 
preamble  to  the  cadmium  standard  for 
general  industry.  That  discussion  is  fully 
applicable  to  the  requirements  in  this 
standard. 

Housekeeping 

Paragraph  (k). 

Like  other  OSHA  health  standards 
dealing  with  toxic  dusts  or  fibers 
(Asbestos,  29  CFR  1910.1001),  this 
cadmium  standard  imposes  the  general 
housekeeping  requirement  to  maintain 
all  surfaces  as  free  as  is  practicable  of 
accumulations  of  cadmium. 

These  housekeeping  provisions  are 
exceptionally  important  because  they 
minimize  additional  sources  of  exposure 
that  engineering  controls  generally  are 
not  designed  to  control.  Good 
housekeeping  is  a  cost  effective  way  to 
control  employee  exposure  levels  by 
removing  from  the  worksite  cadmium 
dust  that  can  become  reentrained  by  air 
currents  and  carried  into  employee 
breathing  zones. 


A  complete  discussion  of  this 
housekeeping  provision  can  be  found  in 
the  summary  and  explanation  of  the 
preamble  to  the  cadmium  standard  for 
general  industry.  That  discussion  is  fully 
applicable  to  the  requirements  in 
paragraph  (k)  of  this  standard  because 
they  are  the  same  as  the  parallel 
requirements  in  the  general  industry 
standard. 

Medical  Surveillance 

Paragraph  (1). 

(1)  General.  The  medical  surveillance 
provisions  of  paragraph  (1)  in  this 
standard  generally  are  similar  to  the 
general  industry  standard  with  the 
following  exceptions: 

(1)  Under. paragraph  (l)(l)(i)(A),  as 
requested  by  the  ACCSH  Task  Force 
(Ex.  57),  all  employees  who  perform  the 
following  tasks,  operations  or  jobs  are 
automatically  covered  by  the  medical 
surveillance  provisions  of  this  standard, 
unless  the  employees  are  exposed  to 
cadmium  on  less  than  30  days  per  year: 
Electrical  grounding  with  cad-welding; 
cutting,  brazing,  burning,  grinding  or 
welding  on  surfaces  that  were  painted 
with  cadmium-containing  paints; 
electrical  work  using  cadmium-coated 
conduit;  use  of  cadmium  containing 
paints;  cutting  and  welding  cadmium- 
plated  steel;  brazing  or  welding  with 
cadmium  alloys;  fusing  of  reinforcing 
steel  by  cadmium  welding;  maintaining 
or  retrofitting  cadmium-coated 
equipment;  and  wrecking  and 
demolition  where  cadmium  is  present. 
The  ACCSH  Task  Force  recommended 
that  workers  performing  these  tasks  or 
jobs  be  included  in  medical  surveillance 
because  those  workers  generally  will  be 
exposed  to  significant  levels  of  airborne 
cadmium  and  because  ACCSH  thought 
that  they  therefore  should  not  have  to 
await  the  results  of  exposure  monitoring 
to  be  included  in  medical  surveillance. 
In  addition,  all  workers  exposed  at  or 
above  the  action  level  are  covered 
unless  the  employer  demonstrates  that 
the  employees  are  exposed  above  the 
action  level  on  fewer  than  30  days  per 
year  (12  consecutive  months). 

(2)  Under  paragraph  (l)(l)(i)(B), 
employers  must  also  provide  medical 
surveillance  to  all  employees  who  might 
have  been  exposed  to  cadmium  by  the 
employer  prior  to  the  effective  date  of 
this  standard  in  tasks  specified  under 
paragraph  (l)(l)(i)(A),  unless  the  current 
employer  demonstrates  that  the 
employee  did  not  in  the  years  prior  to 
the  effective  date  of  this  standard  work 
in  those  tasks  for  the  employer  for  an 
aggregated  total  of  more  than  12  months 
prior  to  the  effective  date  of  this 
standard. 
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This  provision,  to  extend  medical 
surveillance  to  veteran  employees  who 
previously  were  potentially  exposed  to 
relatively  high  levels  of  cadmium  but  no 
longer  are  exposed  to  cadmium  in 
sufficient  amounts  to  make  them 
otherwise  eligible  for  medical 
surveillance,  is  similar  to  the  parallel 
provision  in  the  cadmium  standard  for 
general  industry. 

The  only  difference  is  that  the 
minimum  aggregate  total  of  previous 
exposure  in  this  standard  is  lower  than 
in  the  general  industry  standard.  The 
total  is  lower  for  two  reasons.  First,  it  is 
believed  that  many  employees  who 
performed  in  the  specified  tasks 
typically  were  exposed  to  cadmium  at 
levels  considerably  above  the  AL,  which 
is  all  that  is  required  by  the  general 
industry  standard.  With  a  higher 
expected  average  daily  dose,  the 
duration  of  exposure  should  be 
shortened  to  assure  adequate 
surveillance.  Second,  in  light  of 
employment  conditions  in  the 
construction  industry,  such  as  high 
turnover  and  mobility  of  employees, 
OSHA  believes  that  requiring  that  the 
employee  have  worked  for  the  employer 
in  the  named  tasks  for  much  longer  than 
12  months  to  be  eligible  for  medical 
surveillance  would  make  it  likely  that 
many  veteran  construction  workers  with 
considerable  pa9t  exposure  to  cadmium 
would  not  be  covered  by  medical 
surveillance. 

This  12  month  minimum  requirement 
in  the  performance  of  specific  tasks  is 
similar  to  a  parallel  provision  for 
inclusion  of  workers  exposed  prior  to 
the  effective  date  of  the  benzene 
standard  (29  CFR  1910.1028,  paragraph 
(i)(l)).  In  the  Benzene  standard,  the  only 
other  OSHA  health  standard  to  cover 
veteran  employees  who  were  exposed 
prior  to  the  effective  date  of  the 
standard,  “veteran”  workers  who 
performed  a  specific  task,  e.g.,  tire 
building,  or  were  exposed  above  a 
specific  exposure  level  during  one  year 
were  included  under  medical 
surveillance.  The  determination  of  an 
employee’s  prior  exposure  to  cadmium 
must  be,  where  relevant  reasonable, 
and  practical,  based  on  the  employee’s 
previous  exposure  records,  first 
measurements  taken  of  that  employee 
after  the  effective  date  of  this  section, 
and  on  comparisons  with  employee 
exposure  records  in  the  9ame  or  similar 
operations,  where  the  engineering 
controls,  cadmium  containing  materials, 
and  other  relevant  working  conditions 
are  the  same  or  similar. 

(3)  In  part  because  of  the  transient 
nature  of  much  construction  work  and 
employment,  deadlines  for  employer 


action  or  earlier  deadlines  than  in  the 
general  industry  standard  are 
established  in  this  standard.  For 
example,  under  paragraph  (1)(5)  of  this 
standard,  the  employer  must  reassess 
employee  exposures  within  30  days;  by 
contrast,  in  the  general  industry 
standard  no  deadline  is  specified.  The 
time  period  is  specified  in  the 
construction  standard  to  address  the 
need  for  prompt  action  addressed  in  the 
testimony  of  the  Construction  Advisory 
Work  Committee  on  Cadmium  (Ex9. 14- 
5;  53). 

With  regard  to  medical  removal 
protection  (MRP)  and  medical  removal 
protection  benefits  (MRPB),  paragraphs 
(1)  (11)  and  (12),  the  provisions  in  this 
standard  are  the  same  as  the  parallel 
provisions  in  the  cadmium  standard  for 
general  industry.  However,  because  of 
the  different  employment  conditions  in 
the  construction  industry,  the  provisions 
may  impact  quite  differently  in  this 
industry. 

In  both  standards,  MRP  and  MRPB 
generally  assure  that  an  employee  who 
is  medically  removed  from  his/her  job 
for  cadmium  related  reasons  will  be  no 
worse  off  in  terms  of  wages  and 
employment  benefits  and  rights  than  if 
the  employee  had  not  been  removed. 
However,  under  neither  standard  would 
MRP  and  MRPB  put  the  removed 
employee  in  a  better  position  than  he/ 
she  would  have  been  in  had  the 
employee  not  been  removed.  Thus,  if  a 
removed  employee’s  job  comes  to  an 
end  while  he/she  is  on  medical  removal, 
the  medical  removal  benefits  also  come 
to  an  end,  even  if  the  period  for  which 
the  employee  has  been  removed  is  less 
than  the  18-month  maximum  authorized 
under  this  standard.  In  theory,  this  is  as 
true  under  the  standard  for  general 
industry  as  under  the  construction 
standard.  But  in  practice,  this  fact  is 
likely  to  have  greater  impact  in  the 
construction  industry,  where  many  jobs 
and  much  employment  is  short-term  and 
the  turnover  rate  among  many 
construction  workers  is  relatively  high. 

Other  provisions  in  the  medical 
surveillance  program  remain  unchanged 
from  the  cadmium  standard  for  general 
industry.  A  complete  discussion  of  the 
medical  surveillance  provision  can  be 
found  in  the  summary  and  explanation 
of  the  preamble  to  the  cadmium 
standard  for  general  industry.  That 
discussion  is  fully  applicable  to  the 
many  requirements  in  paragraph  (1)  of 
this  standard  that  are  the  same  or 
essentially  the  same  as  the  parallel 
requirements  in  the  general  industry 
standard. 


Communication  of  Cadmium  Hazards  to 
Employees 

Paragraph  (m). 

In  this  final  cadmium  standard 
paragraph  (m)  incorporates  the 
employer's  requirements  to 
communicate  to  employees  about  the 
hazards  of  occupational  exposure  to 
cadmium.  These  hazard  communication 
provisions  are  generally  the  same  as 
those  in  other  OSHA  health  standards 
(e.g.,  paragraph  (j),  Benzene  Final 
Standard,  29  CFR  1910.1028)  and  for 
general  industry.  However,  in  a  multi¬ 
employer  workplace,  an  employer  who 
produces,  uses,  or  stores  cadmium  in  a 
manner  that  may  expose  employees  of 
other  employers  to  cadmium  is  required 
by  paragraph  (m),  to  notify  the  other 
employers  of  the  potential  hazard  in 
accordance  with  paragraph  (e)  of  the 
hazard  communication  standard  for 
construction,  29  CFR  1926.59. 

This  is  consistent  with  OSHA’s 
Hazard  Communication  Standard  (29 
CFR  1926.59)  for  the  construction 
industry  which  requires  all  chemical 
manufacturers  and  importers  to  assess 
the  hazards  of  the  chemicals  they 
produce  or  import  and  to  develop 
appropriate  information  about  those 
hazards,  which  they  are  required  to 
communicate  in  various  ways  to  their 
own  exposed  employees  and  to  relevant 
downstream  employers,  as  specified 
under  paragraphs  (d)-(h)  of  the  Hazard 
Communication  Standard  ((HCS);  (29 
CFR  1926.59)).  Downstream  employers, 
in  turn,  are  required  to  communicate  the 
information  concerning  the  hazards  of 
such  chemicals  in  various  ways  to  their 
own  employees.  The  transmittal  of 
hazard  information  to  employees  is  to 
be  accomplished  by  means  of 
comprehensive  hazard  communication 
programs,  which  must  include  container 
labeling  and  other  forms  of  warning, 
material  safety  data  sheets  and 
employee  training. 

The  Cadmium  Standard,  for  example, 
requires  that  regulated  areas  be  posted 
with  appropriate  warning  signs.  For 
some  work  areas  regulated  areas  are 
permanent,  because  air  cadmium 
exposures  persist  there  and  cannot  be 
reduced  below  the  PEL  by  means  of 
engineering  controls.  Perhaps  more 
important  for  construction  work,  the 
nature  of  which  (and  the  hazards 
associated  with  it)  may  change 
dramatically  in  the  course  of  completing 
a  project,  regulated  areas  may  also  need 
to  be  established  on  a  temporary  basis. 
This  might  be  so  during  intermittent 
operations,  maintenance  and/or 
emergency  situations.  The  use  of 
warning  signs  in  these  types  of 
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situations  is  especially  important  since 
employees  who  are  regularly  scheduled 
to  work  in  or  near  these  areas  need  to 
be  warned  about  new  or  unexpected 
exposure  to  cadmium  at  levels  above 
the  PEL. 

A  complete  discussion  of  the  hazard 
communication  provision  in  this 
standard  can  be  found  in  the  summary 
and  explanation  of  the  preamble  to  the 
cadmium  standard  for  general  industry. 
That  discussion  is  fully  applicable  to  the 
many  requirements  in  paragraph  (m)  of 
this  standard  that  are  the  same  or 
essentially  the  same  as  the  parallel 
requirements  in  the  general  industry 
standard. 

Recordkeeping 

Paragraph  (n). 

The  recordkeeping  provisions  of  this 
final  standard  are  essentially  the  same, 
except  where  indicated,  as  those  in  the 
final  cadmium  standard  for  general 
industry  and  the  cadmium  proposal, 
which  received  little  or  no  public 
comment.  These  provisions  generally 
are  similar  to  recordkeeping  provisions 
in  other  OSHA  health  standards. 

Two  provisions  in  paragraph  (n)  are 
different  from  those  in  the  general 
industry  standard.  First,  under  (n)(iv), 
the  employer  must  provide  a  copy  of  the 
results  of  an  employee’s  air  monitoring 
prescribed  in  paragraph  (d)  of  this 
standard  to  an  industry  trade 
association  and  to  the  employee’s  union, 
if  any,  or,  if  either  of  such  associations 
or  unions  do  not  exist,  to  another 
comparable  organization  that  is 
competent  to  maintain  such  records  and 
is  reasonably  accessible  to  employers 
and  employees  in  the  industry.  This  is  to 
assure  that,  in  an  industry  with  much 
short-term  employment,  relatively  high 
rates  of  worker  turnover,  and  mobile  job 
sites  and  employees,  employers  and 
employees  have  ready  access  to  a 
relatively  stable  back-up  source  of  air 
monitoring  records,  if  needed. 

Second,  under  paragraph  (n)(3)(iv),  the 
employer  is  required  upon  request  by  an 
employee  to  provide  a  copy  of  the 
employee's  medical  record  or  update,  as 
appropriate,  to  a  medical  doctor  or 
union  specified  by  the  employee.  This 
requirement  also  is  to  assure  that,  in  an 
industry  with  much  short-term 
employment,  relatively  high  rates  of 
worker  turnover,  and  mobile  job  sites 
and  employees,  employees  have  a 
relatively  stable,  designated  backup 
source  for  obtaining  their  medical 
records,  if  needed. 

OSHA  recojpiizes  that  over  the  years 
employees  may  change  construction 
jobs  many  times,  work  for  many 
employers,  and  be  exposed  to  cadmium 
at  various  levels  and  for  different 


durations.  OSHA  further  recognizes  that 
some  diseases  that  may  be  associated 
with  excess  exposure  to  cadmium,  like 
lung  cancer,  may  take  many  years  to 
manifest  themselves.  Over  such  long 
periods,  employees  may  misplace  or 
lose  records  in  their  possession  from 
earlier  times.  OSHA  is  therefore 
attempting  in  paragraphs  (n)(l)(iv)  and 
(n)(3)(iv)  to  establish  at  minimum  cost  to 
all  concerned  some  alternative,  more 
stable  source  of  this  records. 

A  complete  discussion  of  the  record 
keeping  provision  in  this  standard  can 
be  found  in  the  summary  and 
explanation  of  the  preamble  to  the 
cadmium  standard  for  general  industry. 
That  discussion  is  fully  applicable  to  the 
many  requirements  in  paragraph  (n)  of 
this  standard  that  are  the  same  or 
essentially  the  same  as  the  parallel 
requirements  in  the  general  industry 
standard. 

Observation  of  Monitoring 

Paragraph  (o). 

This  standard  contains  provisions  for 
employee  observation  of  exposure 
monitoring.  This  is  in  accordance  with 
section  8(c)  of  the  OSH  Act,  which 
requires  that  employers  provide 
employees  and  their  representatives 
with  the  opportunity  to  observe 
monitoring  of  employee  exposures  to 
toxic  substances  or  harmful  physical 
agents.  Observation  procedures  are  set 
forth  that  require  the  observer,  whether 
employee  or  designated  representative, 
to  be  provided  with  the  personal 
protective  clothing  and  equipment  that 
is  required  to  be  worn  by  employees 
working  in  the  area.  The  employer  is 
required  to  assure  the  use  of  such 
clothing,  equipment,  and  respirators, 
and  is  responsible  for  assuring  that  the 
observer  complies  with  all  other 
applicable  safety  and  health  procedures. 

This  provision  is  the  same  as  the 
parallel  provision  in  the  cadmium 
standard  for  general  industry.  A 
complete  discussion  of  the  requirements 
of  paragraph  (o)  in  this  standard  can  be 
found  in  the  summary  and  explanation 
of  the  preamble  to  the  general  industry 
standard. 

Dates 

Paragraph  (p). 

The  standard  will  become  effective  on 
December  14, 1992.  All  obligations 
imposed  by  the  standard  commence  on 
the  effective  date  unless  otherwise 
noted.  All  obligations  that  do  not 
commence  on  the  effective  date  shall  be 
complied  with  as  soon  thereafter  as 
possible  and  in  any  event  no  later  than 
the  start-up  date,  which  is  a  compliance 
deadline. 


Because  small  construction 
businesses  frequently  have  fewer 
resources  for  interpreting  and 
implementing  complex  requirements  to 
protect  their  workers,  and  in  order  to 
implement  an  outreach  program  and  to 
provide  technical  assistance  to 
employers  with  small  businesses 
(nineteen  (19)  or  fewer  employees), 
start-up  dates  for  certain  provisions  of 
the  standard  are  later  for  these 
establishments. 

The  requirements  for  initial  exposure 
monitoring  (paragraph  (d)(2))  and  for 
hygiene  facilities  (paragraph  (j))  must  be 
completed  no  later  than  60  days  after 
the  effective  date  of  the  standard  (120 
days  for  small  construction  businesses). 
The  requirements  for  the  permissible 
exposure  limit  (paragraph  (c)).  regulated 
areas  (paragraph  (e))  and  respiratory 
protection  (paragraph  (g)),  must  be 
completed  no  later  than  90  days  after 
the  effective  date  of  this  standard  (150 
days  for  small  businesses).  The 
requirements  for  initial  medical 
examinations  (paragraph  (1)(2)),  written 
compliance  programs  (paragraph 
(f)(5)(ii),  and  employee  information  and 
training  (paragraph  (m)(4))  must  be 
completed  no  later  than  90  days  after 
the  effective  date  of  this  standard  (160 
days  for  small  businesses).  The  start-up 
dates  for  hygiene  facilities  other  than 
handwashing  facilities  and  for 
lunchroom  facilities  is  considerably 
shorter  in  this  standard  than  in  the 
cadmium  standard  for  general  industry. 
This  is  because  OSHA  believes  that 
most  such  facilities  in  the  construction 
industry  will  be  rented  or  purchased  and 
will  be  mobile  and  will  require  no 
substantial  amount  of  time  for  the 
employer  to  design,  construct  or  install 
them. 

In  addition,  the  start-up  date  for 
compliance  programs  also  is 
considerably  shorter  in  this  standard 
than  in  the  cadmium  standard  for 
general  industry.  This  is  because  OSHA 
believes  that  compliance  with  the  PEL  in 
the  construction  industry  generally  will 
be  achieved  by  respirators,  in 
conjunction  with  off-the-shelf,  portable 
engineering  controls,  which  require  little 
or  no  time  for  the  employer  to  design, 
manufacture  or  install.  It  also  is  because 
so  many  construction  jobs  are  short 
term  jobs. 

Engineering  and  work  practice 
controls  generally  are  required  to  be 
fully  implemented  no  later  than  120  days 
after  the  effective  date  (240  days  for 
small  businesses).  Work  practice 
controls  are  to  implemented  as  soon  as 
possible.  OSHA  assumes  that  most 
engineering  controls  in  the  construction 
industry  are  of  the  off-the-shelf,  portable 
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variety  and  need  not  be  specially 
designed,  manufactured  or  elaborately 
installed. 

With  the  exception  previously  stated 
for  small  construction  businesses,  nearly 
all  of  the  start-up  dates  established  in 
this  standard  are  conventional.  They 
have  been  developed  out  of  OSHA's 
experience  with  similar  standards  and 
closely  parallel,  start-up  dates  in  other 
health  standards  (e.g.,  Lead  Final 
Standard).  The  start-up  dates  in  this 
final  standard  generally  also  closely 
parallel  those  in  the  proposed  cadmium 
standard.  The  primary  exceptions  are 
discussed  in  the  preamble  to  the  general 
industry  standard.  In  addition,  the 
effective  date  of  this  standard  is  90  days 
after  publication  of  this  final  standard, 
rather  than  the  proposed  60  days.  OSHA 
is  providing  90  days  in  order  to  give 
employers  slightly  more  time  to  prepare 
to  comply  with  all  the  obligations  that 
take  effect  on  and  after  that  date. 

Appendices 

Paragraph  (q). 

The  final  cadmium  standard  contains 
six  appendices  that  are  designed  to 
assist  employers  and  employees  in 
implementing  the  provisions  of  this 
standard.  Appendix  C  is  incorporated  as 
part  of  this  standard  and  imposes 
additional  mandatory  obligations  on 
employers  covered  by  this  standard. 
Appendices  A,  B,  D,  E,  and  F  are  non¬ 
mandatory,  except  that  appendices  A,  D, 
and  F  must  be  reviewed  by  physicians 
in  order  for  physicians  to  be  licensed  to 
medically  evaluate  any  cadmium-related 
illnesses.  Also,  questions  3-11  and  25-32 
of  appendix  D  are  required  as  part  of  the 
limited  medical  examination  that  is 
required  prior  to  the  use  of  a  respirator. 
Otherwise,  these  appendices  are  not 
intended  to  add  to,  or  detract  from  any 
obligation  that  the  cadmium  standard 
otherwise  imposes. 

The  Appendices  that  are  included  in 
the  standard  are: 

Appendix  A — Substance  Safety  Data  Sheet, 
Cadmium 

Appendix  B — Substance  Technical 
Guidelines,  Cadmium 

Appendix  C — Qualitative  and  Quantitative 
Fit  Testing  Procedures 
Appendix  D — Medical  and  Occupational 
History  with  Reference  to  Cadmium 
Exposure  (suggested  format) 

Appendix  E — Sampling  and  Analysis 
Appendix  F — Non-mandatory  Protocol  for 
Laboratory  Standardization  for 
Biological  Monitoring  for  Cadmium 

X.  Authority  and  Signature 

This  document  was  prepared  under 
the  direction  of  Dorothy  L.  Strunk, 
Acting  Assistant  Secretary  of  Labor  for 
Occupational  Safety  and  Health,  U.S. 


Department  of  Labor,  200  Constitution 
Ave.,  NW.,  Washington,  DC  20210. 

Accordingly,  pursuant  to  sections  4(b), 
6(b),  8(c),  and  8(g)  of  the  Occupational 
Safety  and  Health  Act  of  1970  (U.S.C. 

655,  657),  29  CFR  part  1911  and 
Secretary  of  Labor’s  Order  No.  1-90  (55 
FR  9033);  Construction  Work  Hours  and 
Safety  Standard  Act  (Construction 
Safety  Act),  40  U.S.C.  333;  the  Longshore 
and  Harbor  Workers’  Compensation 
Act,  33  U.S.C.  941;  and  29  CFR  part  1911, 
29  CFR  parts  1910, 1915, 1926  and  1928 
are  amended  as  set  forth  below. 

Signed  at  Washington,  DC,  this  31st  day  of 
August,  1992. 

Dorothy  L.  Strunk, 

Acting  Assistant  Secretary  for  Occupational 
Safety  and  Health. 

XI.  Final  Standard  (General,  Maritime, 
and  Agriculture  Industries) 

PART  1910— [AMENDED] 

PART  1915— (AMENDED) 

Part  1910  and  1915  of  title  29  of  the 
Code  of  Federal  Regulation  is  hereby 
amended  as  follows: 

1.  The  authority  citation  for  subpart  B 
of  29  CFR  part  1910  is  revised  to  read  as 
follows: 

Authority:  Secs.  4,  6  and  8  of  the 
Occupational  Safety  and  Health  Act,  29 
U.S.C.  653,  655, 657;  Walsh-Healey  Act,  41 
U.S.C.  35  et  seq.;  Service  Contract  Act  of 
1965, 41  U.S.C.  352  et  seq.;  sec.  107,  Contract 
Work  Hours  and  Safety  Standards  Acts 
(Construction  Safety  Act),  40  U.S.C.  333;  sec. 
42,  Longshoremen's  and  Harbor  Workers’ 
Compensation  Act,  33  U.S.C.  942;  National 
Foundation  of  Arts  and  Humanities  Act,  20 
U.S.C.  951  et  seq.;  Secretary  of  Labor’s  Order 
No.  12-71  (36  FR  8754);  8-76  (41  FR  25059),  9- 
83  (48  FR  35738)  or  1-90  (55  FR  9033),  as 
applicable;  and  29  CFR  part  1911. 

Sections  1910.16  and  1910.19  also  issued 
under  29  CFR  part  1911. 

2.  The  authority  citation  for  subpart  Z 
of  part  1910  continues  to  read  as 
follows: 

Authority:  Secs.  6,  8  Occupational  Safety 
and  Health  Act,  29  U.S.C.  655,  657:  Secretary 
of  Labor’s  Orders  12-71  (36  FR  8754),  8-76  (41 
FR  25059),  9-83  (48  FR  35736)  or  1-90  (55  FR 
9033),  as  applicable;  and  29  CFR  part  1911. 

All  of  subpart  Z  issued  under  section  6(b) 
of  the  Occupational  Safety  and  Health  Act, 

29  U.S.C.  655(b)  except  those  substances 
listed  in  the  Final  Rule  Limits  columns  of 
Table  Z-l-A,  which  have  identical  limits 
listed  in  the  Transitional  Limits  columns  of 
Table  Z-l-A,  Table  Z-2  or  Table  Z-3.  The 
latter  were  issued  under  section  6(a)  (29 
U.S.C.  655(a)). 

Section  1910.1000,  the  Transitional  Limits 
columns  of  Table  Z-l-A,  Table  Z-2  and 
Table  Z-3  also  issued  under  5  U.S.C.  553. 

§  1910.1000,  the  Transitional  limits  columns 
of  Table  Z-l-A,  Table  Z-2  and  Table  Z-3  not 
issued  under  29  CFR  part  1911  except  for  the 


arsenic,  benzene,  cotton  dust,  and 
formaldehyde  listings. 

Section  1910.1001  also  issued  under  Sec. 

107  of  Contract  Work  Hours  and  Safety 
Standards  Act,  40  U.S.C.  333. 

Section  1910.1002  not  issued  under  29 
U.S.C.  655  or  29  CFR  part  1911;  also  issued 
under  5  U.S.C.  553. 

Sections  1910.1003  through  1910.1018  also 
issued  under  29  U.S.C.  653. 

Section  1910.1025  also  issued  under  29 
U.S.C.  653  and  5  U.S.C.  553. 

Section  1910.1028  also  issued  under  29 
U.S.C.  653. 

Section  1910.1043  also  issued  under  5 
U.S.C.  551  et  seq. 

Sections  1910.1045  and  1910.1047  also 
issued  under  29  U.S.C.  653. 

Section  1910.1048  also  issued  under  29 
U.S.C.  653. 

Sections  1910.1200, 1910.1499  and  1910.1500 
also  issued  under  5  U.S.C.  553. 

3.  The  authority  citation  for  part  1915 
is  revised  to  read  as  follows: 

Authority:  Sec.  41,  Longshore  and  Harbor 
Workers  Compensation  Act  (33  U.S.C.  941); 
secs.  4,  6,  8  Occupational  Safety  and  Health 
Act  of  1970  (29  U.S.C.  653,  655,  657);  Secretary 
of  Labor’s  Order  No.  12-71  (36  FR  8754),  8-76 
(41  FR  25059),  9-83  (48  FR  35736)  or  1-90  (55 
FR  9033),  as  applicable;  29  CFR  part  1911. 

Section  1915.99  also  issued  under  5  U.S.C. 
553. 

Part  1910  Subpart  B— [Amended] 
§1910.19  [Amended] 

4.  A  new  paragraph  (k)  is  added  to 
§  1910.19  to  read  as  follows: 

§  1910.19  Special  provisions  for  air 
contaminants. 

***** 

(k)  Cadmium.  Section  1910.1027  shall 
apply  to  the  exposure  of  every  employee 
to  cadmium  in  every  employment  and 
place  of  employment  covered  by 
§  1910.16  in  lieu  of  any  different 
standard  on  exposures  to  cadmium  that 
would  otherwise  be  applicable  by  virtue 
of  those  sections. 

Part  1910  Subpart  Z— [Amended] 
§1910.1000  [Amended] 

5.  In  1910.1000,  Table  Z-l-A,  the 
entries  "Cadmium  fume  *  *  *  0.1  mg/m3 

*  *  *  0.3  mg/m3’’  and  "Cadmium  dust 

*  *  *  0.2  mg/m2  *  *  *  0.6  mg/m3”  are 
removed  and  replaced  with  the 
following  entry  added  in  the  substance 
column:  “Cadmium;  see  1910.1027.  See 
Table  Z-2  for  the  exposure  limits  for  any 
operations  or  sectors  where  the 
exposure  limits  in  §  1910.1027  are  stayed 
or  otherwise  not  in  effect." 

6.  In  §  1910.1000,  Table  Z-2,  a  footnote 
superscript  "4”  is  added  after  the  entries 
“Cadmium  fume  (237.5-1970)’’  and 
"Cadmium  dust  (237.5-1970)’’  and 
footnote  4  is  added  after  footnote  2  to 
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read:  “4.  This  standard  applies  to  any 
operations  or  sectors  for  which 
§  1910.1827  is  stayed  or  otherwise  not  in 
effect." 

7.  In  part  1910  a  new  §  1910.1027  with 
appendices  A,  B,  C,  D,  E,  and  F  are 
added  to  subpart  Z  and  in  part  1915,  a 
new  subpart  Z  is  added  consisting  of 
§  1915.1027  with  appendices  A,  B,  G,  D, 

E,  and  F  to  read  as  set  forth  below.  The 
text  is  identical  for  both  parts  1910  and 
1915. 

§ _ .1027  Cadmium. 

fa)  Scope.  This  standard  applies  to  all 
occupational  exposures  to  cadmium  and 
cadmium  compounds,  in  all  forms,  and 
in  all  industries  covered  by  the 
Occupational  Safety  and  Health  Act, 
except  the  construction-related 
industries,  which  are  covered  under  29 
CFR  1926.63. 

(b)  Definitions. 

Action  level  (AL)  is  defined  as  an 
airborne  concentration  of  cadmium  of 
2.5  micrograms  per  cubic  meter  of  air 
(2.5  pg/m3),  calculated  as  an  8-hour 
time-weighted  average  (TWA). 

Assistant  Secretary  means  the 
Assistant  Secretary  of  Labor  for 
Occupational  Safety  and  Health,  U.S. 
Department  of  Labor,  or  designee. 

Authorized  person  means  any  person 
authorized  by  the  employer  and  required 
by  work  duties  to  be  present  in 
regulated  areas  or  any  person 
authorized  by  the  OSH  Act  or 
regulations  issued  under  it  to  be  in 
regulated  areas. 

Director  means  the  Director  of  the 
National  Institute  for  Occupational 
Safety  and  Health  (NIOSH),  U.S. 
Department  of  Health  and  Human 
Services,  or  designee. 

Employee  exposure  and  similar 
language  referring  to  the  air  cadmium 
level  to  which  an  employee  is  exposed 
means  the  exposure  to  airborne 
cadmium  that  would  occur  if  the 
employee  were  not  using  respiratory 
protective  equipment. 

Final  medical  determination  is  the 
written  medical  opinion  of  the 
employee’s  health  status  by  the 
examining  physician  under  paragraphs 

(1)(3)-(12)  of  this  section  or,  if  multiple 
physician  review  under  paragraph  (1)(13) 
of  this  section  or  the  alternative 
physician  determination  under 
paragraph  (1)(14)  of  this  section  is 
invoked,  it  is  the  final,  written  medical 
finding,  recommendation  or 
determination  that  emerges  from  that 
process. 

High-efficiency  particulate  absolute 
[HEP A)  air  filter  means  a  filter  capable 
of  trapping  and  retaining  at  least  99.97 
percent  of  mono-disper9ed  particles  of 
0.3  micrometers  in  diameter. 


Regulated  area  means  an  area 
demarcated  by  the  employer  where  an 
employee’s  exposure  to  airborne 
concentrations  of  cadmium  exceeds,  or 
can  reasonably  be  expected  to  exceed 
the  permissible  exposure  limit  (PEL). 

This  section  means  this  cadmium 
standard. 

(c)  Permissible  Exposure  Limit  (PEL). 
The  employer  shall  assure  that  no 
employee  is  exposed  to  an  airborne 
concentration  of  cadmium  in  excess  of 
five  micrograms  per  cubic  meter  of  air  (5 
pg/ms),  calculated  as  an  eight-hour 
time-weighted  average  exposure  (TWA). 

(d)  Exposure  monitoring — (1)  General. 

(i)  Each  employer  who  has  a  workplace 
or  work  operation  covered  by  this 
section  shall  determine  if  any  employee 
may  be  exposed  to  cadmium  at  or  above 
the  action  level. 

(ii)  Determinations  of  employee 
exposure  shall  be  made  from  breathing 
zone  air  samples  that  reflect  the 
monitored  employee’s  regular,  daily  8- 
hour  TWA  exposure  to  cadmium. 

(iii)  Eight-hour  TWA  exposures  shall 
be  determined  for  each  employee  on  the 
basis  of  one  or  more  personal  breathing 
zone  air  samples  reflecting  full  shift 
exposure  on  each  shift,  for  each  job 
classification,  in  each  work  area.  Where 
several  employees  perform  the  same  job 
tasks,  in  the  same  job  classification,  on 
the  same  shift,  in  the  same  work  area, 
and  the  length,  duration,  and  level  of 
cadmium  exposures  are  similar,  an 
employer  may  sample  a  representative 
fraction  of  the  employees  instead  of  all 
employees  in  order  to  meet  this 
requirement.  In  representative  sampling, 
the  employer  shall  sample  the 
employee(s)  expected  to  have  the 
highest  cadmium  exposures. 

(2)  Specific,  (i)  Initial  monitoring. 
Except  as  provided  for  in  paragraphs 
(d)(2)(h)  and  (d)(2)(iii)  of  this  section,  the 
employer  shall  monitor  employee 
exposures  and  shall  base  initial 
determinations  on  the  monitoring 
results. 

(ii)  Where  the  employer  has 
monitored  after  September  14, 1991, 
under  conditions  that  in  all  important 
aspects  closely  resemble  those  currently 
prevailing  and  where  that  monitoring 
satisfies  all  other  requirements  of  this 
section,  including  the  accuracy  and 
confidence  levels  of  paragraph  (d)(6)  of 
this  section,  the  employer  may  rely  on 
such  earlier  monitoring  results  to  satisfy 
the  requirements  of  paragraph  (d)(2)(i) 
of  this  section. 

(iii)  Where  the  employer  has  objective 
data,  as  defined  in  paragraph  (n)(2)  of 
this  section,  demonstrating  that 
employee  exposure  to  cadmium  will  not 
exceed  the  action  level  under  the 
expected  conditions  of  processing,  use. 


or  handling,  the  employer  may  rely  upon 
such  data  instead  of  implementing  initial 
monitoring. 

(3)  Monitoring  Frequency  (periodic 
monitoring),  (i)  If  the  initial  monitoring 
or  periodic  monitoring  reveals  employee 
exposures  to  be  at  or  above  the  action 
level,  the  employer  shall  monitor  at  a 
frequency  and  pattern  needed  to 
represent  the  levels  of  exposure  of 
employees  and  where  exposures  are 
above  the  PEL  to  assure  the  adequacy  of 
respiratory  selection  and  the 
effectiveness  of  engineering  and  work 
practice  controls.  However,  such 
exposure  monitoring  shall  be  performed 
at  least  every  six  months.  The  employer, 
at  a  minimum,  shall  continue  these  semi¬ 
annual  measurements  unless  and  until 
the  conditions  set  out  in  paragraph 
(d)(3)(ii)  of  this  section  are  met. 

(ii)  If  the  initial  monitoring  or  the 
periodic  monitoring  indicates  that 
employee  exposures  are  below  the 
action  level  and  that  result  is  confirmed 
by  the  results  of  another  monitoring 
taken  at  least  seven  days  later,  the 
employer  may  discontinue  the 
monitoring  for  those  employees  whose 
exposures  are  represented  by  such 
monitoring. 

(4)  Additional  Monitoring.  The 
employer  also  shall  institute  the 
exposure  monitoring  required  under 
paragraphs  (d)(2)(i)  and  (d)(3)  of  this 
section  whenever  there  has  been  a 
change  in  the  raw  materials,  equipment, 
personnel  work  practices,  or  finished 
products  that  may  result  in  additional 
employees  being  exposed  to  cadmium  at 
or  above  the  action  level  or  in 
employees  already  exposed  to  cadmium 
at  or  above  the  action  level  being 
exposed  above  the  PEL,  or  whenever  the 
employer  has  any  reason  to  suspect  that 
any  other  change  might  result  in  such 
further  exposure. 

(5)  Employee  Notification  of 
Monitoring  Results,  (i)  Within  15 
working  days  after  the  receipt  of  the 
results  of  any  monitoring  performed 
under  this  section,  the  employer  shall 
notify  each  affected  employee 
individually  in  writing  of  the  results.  In 
addition,  within  the  same  time  period 
the  employer  shall  post  the  results  of  the 
exposure  monitoring  in  an  appropriate 
location  that  is  accessible  to  all  affected 
employees. 

(ii)  Wherever  monitoring  results 
indicate  that  employee  exposure 
exceeds  the  PEL,  the  employer  shall 
include  in  the  written  notice  a  statement 
that  the  PEL  has  been  exceeded  and  a 
description  of  the  corrective  action 
being  taken  by  Ae  employer  to  reduce 
employee  exposure  to  or  below  the  PEL. 
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(6)  Accuracy  of  measurement.  The 
employer  shall  use  a  method  of 
monitoring  and  analysis  that  has  an 
accuracy  of  not  less  than  plus  or  minus 
25  percent  (±  25%).  with  a  confidence 
level  of  95  percent,  for  airborne 
concentrations  of  cadmium  at  or  above 
the  action  level,  the  permissible 
exposure  limit  (PEL),  and  the  separate 
engineering  control  air  limit  (SECAL). 

(e)  Regulated  areas. — (1) 
Establishment.  The  employer  shall 
establish  a  regulated  area  wherever  an 
employee's  exposure  to  airborne 
concentrations  of  cadmium  is,  or  can 
reasonably  be  expected  to  be  in  excess 
of  the  permissible  exposure  limit  (PEL). 

(2)  Demarcation.  Regulated  areas 
shall  be  demarcated  from  the  rest  of  the 
workplace  in  any  manner  that 


adequately  establishes  and  alerts 
employees  of  the  boundaries  of  the 
regulated  area. 

(3)  Access.  Access  to  regulated  areas 
shall  be  limited  to  authorized  persons. 

(4)  Provision  of  respirators.  Each 
person  entering  a  regulated  area  shall  be 
supplied  with  and  required  to  use  a 
respirator,  selected  in  accordance  with 
paragraph  (g)(2)  of  this  section. 

(5)  Prohibited  activities.  The  employer 
shall  assure  that  employees  do  not  eat, 
drink,  smoke,  chew  tobacco  or  gum,  or 
apply  cosmetics  in  regulated  areas, 
carry  the  products  associated  with  these 
activities  into  regulated  areas,  or  store 
such  products  in  those  areas. 

(f)  Methods  of  compliance. — (1) 
Compliance  hierarchy,  (i)  Except  as 
specified  in  paragraphs  (f)(1)  (ii),  (iii) 


and  (iv)  of  this  section  the  employer 
shall  implement  engineeiing  and  work 
practifce  controls  to  reduce  and  maintain 
employee  exposure  to  cadmium  at  or 
below  the  PEL,  except  to  the  extent  that 
the  employer  can  demonstrate  that  such 
controls  are  not  feasible. 

(ii)  Except  as  specified  in  paragraphs 
(f)(1)  (iii)  and  (iv)  of  this  section,  in 
industries  where  a  separate  engineering 
control  air  limit  (SECAL)  has  been 
specified  for  particular  processes  (See 
Table  1  in  this  paragraph  (f)(1)(H)),  the 
employer  shall  implement  engineering 
and  work  practice  controls  to  reduce 
and  maintain  employee  exposure  at  or 
below  the  SECAL,  except  to  the  extent 
that  the  employer  can  demonstrate  that 
such  controls  are  not  feasible. 


Table  I— Separate  Engineering  Control  Airborne  Limits  (SECALs)  for  Processes  in  Selected  Industries 


Nickel  cadmium  battery .  Plate  making,  plate  preparation . 

All  other  processes . 

Zinc/Cadmium  refining* .  Cadmium  refining,  casting,  melting,  oxide  production,  sinter  plant.. 

Pigment  manufacture .  Calcine,  crushing,  milling,  blending . 

All  other  processes . 

Stabilizers* . .  Cadmium  oxide  charging,  crushing,  drying,  blending . . s. . 

Lead  smelting* . . . .  Sinter  plant,  blast  furnace,  baghouse,  yard  area . 

Plating* . .  Mechanical  plating . 


"Processes  in  these  industries  that  are  not  specified  in  this  table  must  achieve  the  PEL  using  engineering  controls  and  work  practices  as  required  in  f(1)(i). 


(iii)  The  requirement  to  implement 
engineering  and  work  practice  controls 
to  achieve  the  PEL  or,  where  applicable, 
the  SECAL  does  not  apply  where  the 
employer  demonstrates  the  following: 

(A)  The  employee  is  only 
intermittently  exposed:  and 

(B)  The  employee  is  not  exposed 
above  the  PEL  on  30  or  more  days  per 
year  (12  consecutive  months). 

(iv)  Wherever  engineering  and  work 
practice  controls  are  required  and  are 
not  sufficient  to  reduce  employee 
exposure  to  or  below  the  PEL  or,  where 
applicable,  the  SECAL,  the  employer 
nonetheless  shall  implement  such 
controls  to  reduce  exposures  to  the 
lowest  levels  achievable.  The  employer 
shall  supplement  such  controls  with 
respiratory  protection  that  complies 
with  the  requirements  of  paragraph  (g) 
of  this  section  and  the  PEL. 

(v)  The  employer  shall  not  use 
employee  rotation  as  a  method  of 
compliance. 

(2)  Compliance  program,  (i)  Where  the 
PEL  is  exceeded,  the  employer  shall 
establish  and  implement  a  written 
compliance  program  to  reduce  employee 
exposure  to  or  below  the  PEL  by  means 
of  engineering  and  work  practice 
controls,  as  required  by  paragraph  (f)(1) 


of  this  section.  To  the  extent  that 
engineering  and  work  practice  controls 
cannot  reduce  exposures  to  or  below  the 
PEL,  the  employer  shall  include  in  the 
written  compliance  program  the  use  of 
appropriate  respiratory  protection  to 
achieve  compliance  with  the  PEL. 

(ii)  Written  compliance  programs  shall 
include  at  least  the  following: 

(A)  A  description  of  each  operation  in 
which  cadmium  is  emitted;  e.g., 
machinery  used,  material  processed, 
controls  in  place,  crew  size,  employee 
job  responsibilities,  operating 
procedures,  and  maintenance  practices; 

(B)  A  description  of  the  specific 
means  that  will  be  employed  to  achieve 
compliance,  including  engineering  plans 
and  studies  used  to  determine  methods 
selected  for  controlling  exposure  to 
cadmium,  as  well  as,  where  necessary, 
the  use  of  appropriate  respiratory 
protection  to  achieve  the  PEL; 

(C)  A  report  of  the  technology 
considered  in  meeting  the  PEL; 

(D)  Air  monitoring  data  that  document 
the  sources  of  cadmium  emissions; 

(E)  A  detailed  schedule  for 
implementation  of  the  program, 
including  documentation  such  as  copies 
of  purchase  orders  for  equipment, 
construction  contracts,  etc.; 


(F)  A  work  practice  program  that 
includes  items  required  under 
paragraphs  (h),  (i),  and  (j)  of  this  section; 

(G)  A  written  plan  for  emergency 
situations,  as  specified  in  paragraph  (h) 
of  this  section;  and 

(H)  Other  relevant  information. 

(iii)  The  written  compliance  programs 
shall  be  reviewed  and  updated  at  least 
annually,  or  more  often  if  necessary,  to 
reflect  significant  changes  in  the 
employer’s  compliance  status. 

(iv)  Written  compliance  programs 
shall  be  provided  upon  request  for 
examination  and  copying  to  affected 
employees,  designated  employee 
representatives  as  well  as  to  the 
Assistant  Secretary,  and  the  Director. 

(3)  Mechanical  ventilation,  (i)  When 
ventilation  is  used  to  control  exposure, 
measurements  that  demonstrate  the 
effectiveness  of  the  system  in  controlling 
exposure,  such  as  capture  velocity,  duct 
velocity,  or  static  pressure  shall  be 
made  as  necessary  to  maintain  its 
effectiveness. 

(ii)  Measurements  of  the  system’s 
effectiveness  in  controlling  exposure 
shall  be  made  as  necessary  within  five 
working  days  of  any  change  in 
production,  process,  or  control  that 
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might  result  in  a  significant  increase  in 
employee  exposure  to  cadmium. 

(iii)  Recirculation  of  air.  If  air  from 
exhaust  ventilation  is  recirculated  into 
the  workplace,  the  system  shall  have  a 
high  efficiency  filter  and  be  monitored  to 
assure  effectiveness. 

(iv)  Procedures  shall  be  developed 
and  implemented  to  minimize  employee 
exposure  to  cadmium  when 
maintenance  of  ventilation  systems  and 
changing  of  filters  is  being  conducted. 

(4)  Compliance  program.  Where 
employee  exposure  to  cadmium  exceeds 
the  PEL  and  the  employer  is  required 
under  paragraph  (f)(1)  of  this  section  to 
implement  controls  to  comply  with  the 
PEL,  prior  to  the  commencement  of  the 
job,  the  employer  shall  establish  and 
implement  a  written  compliance 
program  to  reduce  employee  exposure  to 
or  below  the  PEL. 

(g)  Respirator  protection. — (1) 

General.  Where  respirators  are  required 


by  this  section,  the  employer  shall 
provide  them  at  no  cost  to  the  employee 
and  shall  assure  that  they  are  used  in 
compliance  with  the  requirements  of  this 
section.  Respirators  shall  be  used  in  the 
following  circumstances: 

(i)  Where  exposure  levels  exceed  the 
PEL,  during  the  time  period  necessary  to 
install  or  implement  feasible  engineering 
and  work  practice  controls; 

(ii)  In  those  maintenance  and  repair 
activities  and  during  those  brief  or 
intermittent  operations  where  exposures 
exceed  the  PEL  and  engineering  and 
work  practice  controls  are  not  feasible 
or  are  not  required; 

(iii)  In  regulated  areas,  as  prescribed 
in  paragraph  (e)  of  this  section; 

(iv)  Where  the  employer  has 
implemented  all  feasible  engineering 
and  work  practice  controls  and  such 
controls  are  not  sufficient  to  reduce 
exposures  to  or  below  the  PEL; 

(v)  In  emergencies; 


(vi)  Wherever  an  employee  who  is 
exposed  to  cadmium  at  or  above  the 
action  level  requests  a  respirator, 

(vii)  Wherever  an  employee  is 
exposed  above  the  PEL  in  an  industry  to 
which  a  SECAL  is  applicable;  and 

(viii)  Wherever  an  employee  is 
exposed  to  cadmium  above  the  PEL  and 
engineering  controls  are  not  required 
under  paragraph  (f)(l)(iii)  of  this  section. 

(2)  Respirator  selection,  (i)  Where 
respirators  are  required  under  this 
section,  the  employer  shall  select  and 
provide  the  appropriate  respirator  as 
specified  in  Table  2  in  this  paragraph 
(g)(2)(i).  The  employer  shall  select 
respirators  from  among  those  jointly 
approved  as  acceptable  protection 
against  cadmium  dust,  fume,  and  mist 
by  the  Mine  Safety  and  Health 
Administration  (MSHA)  and  by  the 
National  Institute  for  Occupational 
Safety  and  Health  (NIOSH)  under  the 
provisions  of  30  CFR  part  11. 


Table  2.— Respiratory  Protection  for  Cadmium 

Airborne  concentration  or  condition  of  use  • 

Required  respirator  type b 

A  half  mask,  air-purifying  respirator  equipped  with  a  HEPAC  filter.- 

A  powered  air-purifying  respirator  ("PAPR'')  with  a  loose-fitting  hood  or  helmet  equipped  with  a  HEPA  filter,  or  a 
supplied-air  respirator  with  a  loose-fitting  hood  or  helmet  facepiece  operated  in  the  continuous  flow  mode. 

A  full  facepiece  air-purifying  respirator  equipped  with  a  HEPA  filter,  or  a  powered  air-purifying  respirator  with  a 
tight-fitting  half  mask  equipped  with  a  HEPA  filter,  or  a  supplied  air  respirator  with  a  tight-fitting  half  mask 
operated  in  the  continuous  flow  mode. 

A  powered  air-purifying  respirator  with  a  tight-fitting  full  facepiece  equipped  with  a  HEPA  filter,  or  a  supplied-air 
respirator  with  a  tight-fitting  full  facepiece  operated  in  the  continuous  flow  mode. 

A  supplied-air  respirator  with  half  mask  or  full  facepiece  operated  in  the  pressure  demand  or  other  positive 
pressure  mode. 

A  self-contained  breathing  apparatus  with  unknown  concentrations  a  full  facepiece  operated  in  the  pressure 
demand  or  other  positive  pressure  mode,  or  a  supplied-air  respirator  with  a  full  facepiece  operated  in  the 
pressure  demand  or  other  positive  pressure  mode  and  equipped  with  an  auxiliary  escape  type  self-contained 
breathing  apparatus  operated  in  the  pressure  demand  mode. 

A  self-contained  breathing  apparatus  with  full  facepiece  operated  in  the  pressure  demand  or  other  positive 
pressure  mode. 

•  Concentrations  exoressed  as  multiple  of  the  PEL. 

b  Respirators  assigned  tor  higher  environmental  concentrations  may  be  used  at  lower  exposure  levels.  Quantitative  fit  testing  is  required  for  all  tight-fitting  air 
purifying  respirators  where  airborne  concentration  of  cadmium  exceeds  10  times  the  TWA  PEL  (10x5  ftg/m3=50  pg/'m^.  A  full  facepiece  respirator  is  required 
when  eye  irritation  is  experienced. 

c  HEPA  means  mqn  Efficiency  Particulate  Absolute. 

"  Fit  testing,  qualitative  or  quantitative,  is  required. 

SOURCE:  Respiratory  Decision  Logic,  NIOSH,  1967. 


(ii)  The  employer  shall  provide  a 
powered,  air-purifying  respirator  (PAPR) 
in  lieu  of  a  negative  pressure  respirator 
wherever: 

(A)  An  employee  entitled  to  a 
respirator  chooses  to  use  this  type  of 
respirator;  and 

(B)  This  respirator  will  provide 
adequate  promotion  to  the  employee. 

(3)  Respirator  program,  (i)  Where 
respiratory  protection  is  required,  the 
employer  sha  !  institute  a  respirator 
protection  pr  gram  in  accordance  with 
29  CFR  1910  l  i4. 

(ii)  The  employer  shall  permit  each 
employee  who  is  required  to  use  an  air 
purifying  respirator  to  leave  the 
regulated  area  to  change  the  filter 


elements  or  replace  the  respirator 
whenever  an  increase  in  breathing 
resistance  is  detected  and  shall 
maintain  an  adequate  supply  of  filter 
elements  for  this  purpose. 

(iii)  The  employer  shall  also  permit 
each  employee  who  is  required  to  wear 
a  respirator  to  leave  the  regulated  area 
to  wash  his  or  her  face  and  the 
respirator  facepiece  whenever 
necessary  to  prevent  skin  irritation 
associated  with  respirator  use. 

(iv)  If  an  employee  exhibits  difficulty 
in  breathing  while  wearing  a  respirator 
during  a  fit  test  or  during  use,  the 
employer  shall  make  available  to  the 
employee  a  medical  examination  in 
accordance  with  paragraph  (l)(6)(ii)  of 


this  section  to  determine  if  the  employee 
can  wear  a  respirator  while  performing 
the  required  duties. 

(v)  No  employee  shall  be  assigned  a 
task  requiring  the  use  of  a  respirator  if, 
based  upon  his  or  her  most  recent 
examination,  an  examining  physician 
determines  that  the  employee  will  be 
unable  to  continue  to  function  normally 
while  wearing  a  respirator.  If  the 
physician  determines  the  employee  must 
be  limited  in,  or  removed  from  his  or  her 
current  job  because  of  the  employee’s 
inability  to  wear  a  respirator,  the 
limitation  or  removal  shall  be  in 
accordance  with  paragraphs  (1)  (11)  and 
(12)  of  this  section. 
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(4)  Respirator  fit  testing,  (i)  The 
employer  shall  assure  that  the  respirator 
issued  to  the  employee  is  fitted  properly 
and  exhibits  the  least  possible  facepiece 
leakage. 

(ii)  For  each  employee  wearing  a  tight- 
fitting,  air  purifying  respirator  (either 
negative  or  positive  pressure)  who  is 
exposed  to  airborne  concentrations  of 
cadmium  that  do  not  exceed  10  times 
the  PEL  (10  X  5  pg/m3  =  50  pg/m3),  the 
employer  shall  perform  either 
quantitative  or  qualitative  fit  testing  at 
the  time  of  initial  fitting  and  at  least 
annually  thereafter.  If  quantitative  fit 
testing  is  used  for  a  negative  pressure 
respirator,  a  fit  factor  that  is  at  least  10 
times  the  protection  factor  for  that  class  , 
of  respirators  (Table  2  in  paragraph 

(g)(2)(i)  of  this  section)  shall  be  achieved 
at  testing. 

(iii)  For  each  employee  wearing  a 
tight-fitting  air  purifying  respirator 
(either  negative  or  positive  pressure) 
who  is  exposed  to  airborne 
concentrations  of  cadmium  that  exceed 
10  times  the  PEL  (10  X  5  pg/m3  =  50 
pg/m3),  the  employer  shall  perform 
quantitative  fit  testing  at  the  time  of 
initial  fitting  and  at  least  annually 
thereafter.  For  negative-pressure 
respirators,  a  fit  factor  that  is  at  least  10 
times  the  protection  factor  for  that  class 
of  respirators  (Table  2  in  paragraph 
(g)(2)(i)  of  this  section)  shall  be  achieved 
during  quantitative  fit  testing. 

(iv)  For  each  employee  wearing  a 
tight-fitting,  supplied-air  respirator  or 
self-contained  breathing  apparatus,  the 
employer  shall  perform  quantitative  fit 
testing  at  the  time  of  initial  fitting  and  at 
least  annually  thereafter.  This  shall  be 
accomplished  by  fit  testing  an  air 
purifying  respirator  of  identical  type 
facepiece,  make,  model,  and  size  as  the 
supplied  air  respirator  or  self-contained 
breathing  apparatus  that  is  equipped 
with  HEPA  filters  and  tested  as  a 
surrogate  (substitute)  in  the  negative 
pressure  mode.  A  fit  factor  that  is  at 
least  10  times  the  protection  factor  for 
that  class  of  respirators  (Table  2  in 
paragraph  (g)(2)(i)  of  this  section)  shall 
be  achieved  during  quantitative  fit 
testing.  A  supplied-air  respirator  or  self- 
contained  breathing  apparatus  with  the 
same  type  facepiece,  make,  model,  and 
size  as  the  air  purifying  respirator  with 
which  the  employee  passed  the 
quantitative  fit  test  may  then  be  used  by 
that  employee  up  to  the  protection  factor 
listed  in  Table  2  for  that  class  of 
respirators. 

(v)  Fit  testing  shall  be  conducted  in 
accordance  with  appendix  C  of  this 
section. 

(h)  Emergency  situations.  The 
employer  shall  develop  and  implement  a 
written  plan  for  dealing  with  emergency 


situations  involving  substantial  releases 
of  airborne  cadmium.  The  plan  shall 
include  provisions  for  the  use  of 
appropriate  respirators  and  personal 
protective  equipment.  In  addition, 
employees  not  essential  to  correcting 
the  emergency  situation  shall  be 
restricted  from  the  area  and  normal 
operations  halted  in  that  area  until  the 
emergency  is  abated. 

(i)  Protective  work  clothing  and 
equipment — (1)  Provision  and  use.  If  an 
employee  is  exposed  to  airborne 
cadmium  above  the  PEL  or  where  skin 
or  eye  irritation  is  associated  with 
cadmium  exposure  at  any  level,  the 
employer  shall  provide  at  no  cost  to  the 
employee,  and  assure  that  the  employee 
uses,  appropriate  protective  work 
clothing  and  equipment  that  prevents 
contamination  of  the  employee  and  the 
employee’s  garments.  Protective  work 
clothing  and  equipment  includes,  but  is 
not  limited  to: 

(1)  Coveralls  or  similar  full-body  work 
clothing; 

(ii)  Gloves,  head  coverings,  and  boots 
or  foot  coverings;  and 

(iii)  Face  shields,  vented  goggles,  or 
other  appropriate  protective  equipment 
that  complies  with  29  CFR  1910.133. 

(2)  Removal  and  storage,  (i)  The 
employer  shall  assure  that  employees 
remove  all  protective  clothing  and 
equipment  contaminated  with  cadmium 
at  the  completion  of  the  work  shift  and 
do  so  only  in  change  rooms  provided  in 
accordance  with  paragraph  (j)(l)  of  this 
section. 

(ii)  The  employer  shall  assure  that  no 
employee  takes  cadmium-contaminated 
protective  clothing  or  equipment  from 
the  workplace,  except  for  employees 
authorized  to  do  so  for  purposes  of 
laundering,  cleaning,  maintaining,  or 
disposing  of  cadmium  contaminated 
protective  clothing  and  equipment  at  an 
appropriate  location  or  facility  away 
from  the  workplace. 

(iii)  The  employer  shall  assure  that 
contaminated  protective  clothing  and 
equipment,  when  removed  for 
laundering,  cleaning,  maintenance,  or 
disposal,  is  placed  and  stored  in  sealed, 
impermeable  bags  or  other  closed, 
impermeable  containers  that  are 
designed  to  prevent  dispersion  of 
cadmium  dust. 

(iv)  The  employer  shall  assure  that 
bags  or  containers  of  contaminated 
protective  clothing  and  equipment  that 
are  to  be  taken  out  of  the  change  rooms 
or  the  workplace  for  laundering, 
cleaning,  maintenance  or  disposal  shall 
bear  labels  in  accordance  with 
paragraph  (m)(2)  of  this  section. 

(3)  Cleaning,  replacement,  and 
disposal,  (i)  The  employer  shall  provide 
the  protective  clothing  and  equipment 


required  by  paragraph  (i)(l)  of  this 
section  in  a  clean  and  dry  condition  as 
often  as  necessary  to  maintain  its 
effectiveness,  but  in  any  event  at  least 
weekly.  The  employer  is  responsible  for 
cleaning  and  laundering  the  protective 
clothing  and  equipment  required  by  this 
paragraph  to  maintain  its  effectiveness 
and  is  also  responsible  for  disposing  of 
such  clothing  and  equipment. 

(ii)  The  employer  also  is  responsible 
for  repairing  or  replacing  required 
protective  clothing  and  equipment  as 
needed  to  maintain  its  effectiveness. 
When  rips  or  tears  are  detected  while 
an  employee  is  working  they  shall  be 
immediately  mended,  or  the  worksuit 
shall  be  immediately  replaced. 

(iii)  The  employer  shall  prohibit  the 
removal  of  cadmium  from  protective 
clothing  and  equipment  by  blowing, 
shaking,  or  any  other  means  that 
disperses  cadmium  into  the  air. 

(iv)  The  employer  shall  assure  that 
any  laundering  of  contaminated  clothing 
or  cleaning  of  contaminated  equipment 
in  the  workplace  is  done  in  a  manner 
that  prevents  the  release  of  airborne 
cadmium  in  excess  of  the  permissible 
exposure  limit  prescribed  in  paragraph 
(c)  of  this  section. 

(v)  The  employer  shall  inform  any 
person  who  launders  or  cleans 
protective  clothing  or  equipment 
contaminated  with  cadmium  of  the 
potentially  harmful  effects  of  exposure 
to  cadmium  and  that  the  clothing  and 
equipment  should  be  laundered  or 
cleaned  in  a  manner  to  effectively 
prevent  the  release  of  airborne  cadmium 
in  excess  of  the  PEL 

(j)  Hygiene  areas  and  practices — (1) 
General.  For  employees  whose  airborne 
exposure  to  cadmium  is  above  the  PEL, 
the  employer  shall  provide  clean  change 
rooms,  handwashing  facilities,  showers, 
and  lunchroom  facilities  that  comply 
with  29  CFR  1910.141. 

(2)  Change  rooms.  The  employer  shall 
assure  that  change  rooms  are  equipped 
with  separate  storage  facilities  for  street 
clothes  and  for  protective  clothing  and 
equipment,  which  are  designed  to 
prevent  dispersion  of  cadmium  and 
contamination  of  the  employee's  street 
clothes. 

(3)  Showers  and  handwashing 
facilities,  (i)  The  employer  shall  assure 
that  employees  who  are  exposed  to 
cadmium  above  the  PEL  shower  during 
the  end  of  the  work  shift. 

(ii)  The  employer  shall  assure  that 
employees  whose  airborne  exposure  to 
cadmium  is  above  the  PEL  wash  their 
hands  and  faces  prior  to  eating, 
drinking,  smoking,  chewing  tobacco  or 
gum,  or  applying  cosmetics. 
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(4)  Lunchroom  facilities,  (i)  The 
employer  shall  assure  that  the 
lunchroom  facilities  are  readily 
accessible  to  employees,  that  tables  for 
eating  are  maintained  free  of  cadmium, 
and  that  no  employee  in  a  lunchroom 
facility  is  exposed  at  any  time  to 
cadmium  at  or  above  a  concentration  of 
2.5  pg/m3. 

(ii)  The  employer  shall  assure  that 
employees  do  not  enter  lunchroom 
facilities  with  protective  work  clothing 
or  equipment  unless  surface  cadmium 
has  been  removed  from  the  clothing  and 
equipment  by  HEPA  vacuuming  or  some 
other  method  that  removes  cadmium 
dust  without  dispersing  it. 

(k)  Housekeeping.  (1)  All  surfaces 
shall  be  maintained  as  free  as 
practicable  of  accumulations  of 
cadmium. 

(2)  All  spills  and  sudden  releases  of 
material  containing  cadmium  shall  be 
cleaned  up  as  soon  as  possible. 

(3)  Surfaces  contaminated  with 
cadmium  shall,  wherever  possible,  be 
cleaned  by  vacuuming  or  other  methods 
that  minimize  the  likelihood  of  cadmium 
becoming  airborne. 

(4)  HEPA-filtered  vacuuming 
equipment  or  equally  effective  filtration 
methods  shall  be  used  for  vacuuming. 
The  equipment  shall  be  used  and 
emptied  in  a  manner  that  minimizes  the 
reentry  of  cadmium  into  the  workplace. 

(5)  Shoveling,  dry  or  wet  sweeping, 
and  brushing  may  be  used  only  where 
vacuuming  or  other  methods  that 
minimize  the  likelihood  of  cadmium 
becoming  airborne  have  been  tried  and 
found  not  to  be  effective. 

(6)  Compressed  air  shall  not  be  used 
to  remove  cadmium  from  any  surface 
unless  the  compressed  air  is  used  in 
conjunction  with  a  ventilation  system 
designed  to  capture  the  dust  cloud 
created  by  the  compressed  air. 

(7)  Waste,  scrap,  debris,  bags, 
containers,  personal  protective 
equipment,  and  clothing  contaminated 
with  cadmium  and  consigned  for 
disposal  shall  be  collected  and  disposed 
of  in  sealed  impermeable  bags  or  other 
closed,  impermeable  containers.  These 
bags  and  containers  shall  be  labeled  in 
accordance  with  paragraph  (m)(2)  of  this 
section. 

(1)  Medical  surveillance — (1) 

General — (i)  Scope.  (A)  Currently 
exposed — The  employer  shall  institute  a 
medical  surveillance  program  for  all 
employees  who  are  or  may  be  exposed 
to  cadmium  at  or  above  the  action  level 
unless  the  employer  demonstrates  that 
the  employee  is  not,  and  will  not  be, 
exposed  at  or  above  the  action  level  on 
30  or  more  days  per  year  (twelve 
consecutive  months);  and, 


(B)  Previously  exposed — The 
employer  shall  also  institute  a  medical 
surveillance  program  for  all  employees 
who  prior  to  the  effective  date  of  this 
section  might  previously  have  been 
exposed  to  cadmium  at  or  above  the 
action  level  by  the  employer,  unless  the 
employer  demonstrates  that  the 
employee  did  not  prior  to  the  effective 
date  of  this  section  work  for  the 
employer  in  jobs  with  exposure  to 
cadmium  for  an  aggregated  total  of  more 
than  60  months. 

(ii)  To  determine  an  employee's 
fitness  for  using  a  respirator,  the 
employer  shall  provide  the  limited 
medical  examination  specified  in 
paragraph  (1)(6)  of  this  section. 

(iii)  The  employer  shall  assure  that  all 
medical  examinations  and  procedures 
required  by  this  standard  are  performed 
by  or  under  the  supervision  of  a  licensed 
physician,  who  has  read  and  is  familiar 
with  the  health  effects  section  of 
appendix  A  to  this  section,  the 
regulatory  text  of  this  section,  the 
protocol  for  sample  handling  and 
laboratory  selection  in  appendix  F  to 
this  section,  and  the  questionnaire  of 
appendix  D  to  this  section.  These 
examinations  and  procedures  shall  be 
provided  without  cost  to  the  employee 
and  at  a  time  and  place  that  is 
reasonable  and  convenient  to 
employees. 

(iv)  The  employer  shall  assure  that  the 
collecting  and  handling  of  biological 
samples  of  cadmium  in  urine  (CdU), 
cadmium  in  blood  (CdB),  and  beta-2 
microglobulin  in  urine  (/J2-M)  taken  from 
employees  under  this  section  is  done  in 
a  manner  that  assures  their  reliability 
and  that  analysis  of  biological  samples 
of  cadmium  in  urine  (CdU),  cadmium  in 
blood  (CdB),  and  beta-2  microglobulin  in 
urine  (/?2-M)  taken  from  employees 
under  this  section  is  performed  in 
laboratories  with  demonstrated 
proficiency  for  that  particular  analyte. 
(See  appendix  F  to  this  section.) 

(2)  Initial  examination,  (i)  The 
employer  shall  provide  an  initial 
(preplacement)  examination  to  all 
employees  covered  by  the  medical 
surveillance  program  required  in 
paragraph  (l)(l)(i)  of  this  section.  The 
examination  shall  be  provided  to  those 
employees  within  30  days  after  initial 
assignment  to  a  job  with  exposure  to 
cadmium  or  no  later  than  90  days  after 
the  effective  date  of  this  section, 
whichever  date  is  later. 

(ii)  The  initial  (preplacement)  medical 
examination  shall  include; 

(A)  A  detailed  medical  and  work 
history,  with  emphasis  on:  Pa3t,  present, 
and  anticipated  future  exposure  to 
cadmium;  any  history  of  renal, 
cardiovascular,  respiratory, 


hematopoietic,  reproductive,  and/or 
musculo-skeletal  system  dysfunction; 
current  usage  of  medication  with 
potential  nephrotoxic  side-effects;  and 
smoking  history  and  current  status;  and 

(B)  Biological  monitoring  that  includes 
the  following  tests; 

(1)  Cadmium  in  urine  (CdU), 
standardized  to  grams  of  creatinine  (g/ 
Cr); 

(2)  Beta-2  microglobulin  in  urine  (&- 
M),  standardized  to  grams  of  creatinine 
(g/Cr),  with  pH  specified,  as  described 
in  appendix  F  to  this  section;  and 

(3)  Cadmium  in  blood  (CdB), 
standardized  to  liters  of  whole  blood 
(lwb). 

(iii)  Recent  Examination:  An  initial 
examination  is  not  required  to  be 
provided  if  adequate  records  show  that 
the  employee  has  been  examined  in 
accordance  with  the  requirements  of 
paragraph  (l)(2)(ii)  of  this  section  within 
the  past  12  months.  In  that  case,  such 
records  shall  be  maintained  as  part  of 
the  .employee’s  medical  record  and  the 
prior  exam  shall  be  treated  as  if  it  were 
an  initial  examination  for  the  purposes 
of  paragraphs  (1)(3)  and  (4)  of  this 
section. 

(3)  Actions  triggered  by  initial 
biological  monitoring:  (i)  If  the  results  of 
the  initial  biological  monitoring  tests 
show  the  employee’s  CdU  level  to  be  at 
or  below  3  pg/g  Cr,  /k-M  level  to  be  at 
or  below  300  pg/g  Cr  and  CdB  level  to 
be  at  or  below  5  pg/lwb,  then: 

(A)  For  currently  exposed  employees, 
who  are  subject  to  medical  surveillance 
under  paragraph  (l)(l)(i)(A)  of  this 
section,  the  employer  shall  provide  the 
minimum  level  of  periodic  medical 
surveillance  in  accordance  with  the 
requirements  in  paragraph  (l)(4)(i)  of  this 
section;  and 

(B)  For  previously  exposed  employees, 
who  are  subject  to  medical  surveillance 
under  paragraph  (l)(l)(i)(B)  of  this 
section,  the  employer  shall  provide 
biological  monitoring  for  CdU,  /J2-M,  and 
CdB  within  one  year  after  the  initial 
biological  monitoring  and  then  the 
employer  shall  comply  with  the 
requirements  of  paragraph  (l)(4)(v)  of 
this  section. 

(ii)  For  all  employees  who  are  subject 
to  medical  surveillance  under  paragraph 
(l)(l)(i)  of  this  section,  if  the  results  of 
the  initial  biological  monitoring  tests 
show  the  level  of  CdU  to  exceed  3  pg/g 
Cr,  the  level  of  /32-M  to  exceed  300  pg/g 
Cr,  or  the  level  of  CdB  to  exceed  5  pg / 
lwb.  the  employer  shall: 

(A)  Within  two  weeks  after  receipt  of 
biological  monitoring  results,  reassess 
the  employee’s  occupational  exposure  to 
cadmium  as  follows: 
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(7)  Reassess  the  employee’s  work 
practices  and  personal  hygiene; 

( 2 )  Reevaluate  the  employee's 
respirator  use,  if  any,  and  the  respirator 
program; 

(5)  Review  the  hygiene  facilities; 

[4]  Reevaluate  the  maintenance  and 
effectiveness  of  the  relevant  engineering 
controls; 

(5)  Assess  the  employee’s  smoking 
history  and  status; 

(B)  Within  30  days  after  the  exposure 
reassessment,  specified  in  paragraph 
(l)(3)(ii)(A)  of  this  section,  take 
reasonable  steps  to  correct  any 
deficiencies  found  in  the  reassessment 
that  may  be  responsible  for  the 
employee  s  excess  exposure  to 
cadmium:  and, 

(C)  Within  90  days  after  receipt  of 
biological  monitoring  results,  provide  a 
full  medical  examination  to  the 
employee  in  accordance  with  the 
requirements  of  paragraph  (l)(4){ii)  of 
this  section.  After  completing  the 
medical  examination,  the  examining 
physician  shall  determine  in  a  written 
medical  opinion  whether  to  medically 
remove  the  employee.  If  the  physician 
determines  that  medical  removal  is  not 
necessary,  then  until  the  employee’s 
CdU  level  falls  to  or  below  3  pg,/g  Cr, 
&-M  level  falls  to  or  below  300  pg/g  Cr 
and  CdB  level  falls  to  or  below  5  pg/ 
lwb,  the  employer  shall: 

(7)  Provide  biological  monitoring  in 
accordance  with  paragraph  (l)(2)(ii)(B) 
of  this  section  on  a  semiannual  basis; 
and 

(2)  Provide  annual  medical 
examinations  in  accordance  with 
paragraph  (l)(4)(ii)  of  this  section. 

(iii)  For  all  employees  who  are  subject 
to  medical  surveillance  under  paragraph 
(l)(l)(i)  of  this  section,  if  the  results  of 
the  initial  biological  monitoring  tests 
show  the  level  of  CdU  to  be  in  excess  of 
15  pg/g  Cr,  or  the  level  of  CdB  to  be  in 
excess  of  15  pg/lwb,  or  the  level  of  /32-M 
to  be  in  excess  of  1,500  pg/g  Cr,  the 
employer  shall  comply  with  the 
requirements  of  paragraphs  (l)(3)(ii)(A)— 
(B)  of  this  section.  Within  90  days  after 
receipt  of  biological  monitoring  results, 
the  employer  shall  provide  a  full 
medical  examination  to  the  employee  in 
accordance  with  the  requirements  of 
paragraph  (l)(4)(ii)  of  this  section.  After 
completing  the  medical  examination,  the 
examining  physician  shall  determine  in 
a  written  medical  opinion  whether  to 
medically  remove  the  employee. 
However,  if  the  initial  biological 
monitoring  results  and  the  biological 
monitoring  results  obtained  during  the 
medical  examination  both  show  that; 
CdU  exceeds  15  pg/g  Cr;  or  CdB 
exceeds  15  pg/lwb;  or  exceeds 
1500  pg/g  Cr,  and  in  addition  CdU 


exceeds  3  pg/g  Cr  or  CdB  exceeds  5  pg/ 
liter  of  whole  blood,  then  the  physician 
shall  medically  remove  the  employee 
from  exposure  to  cadmium  at  or  above 
the  action  level.  If  the  second  set  of 
biological  monitoring  results  obtained 
during  the  medical  examination  does  not 
show  that  a  mandatory  removal  trigger 
level  has  been  exceeded,  then  the 
employee  is  not  required  to  be  removed 
by  the  mandatory  provisions  of  this 
paragraph.  If  the  employee  is  not 
required  to  be  removed  by  the 
mandatory  provisions  of  this  paragraph 
or  by  the  physician’s  determination, 
then  until  the  employee’s  CdU  level  falls 
to  or  below  3  pg/g  Cr,  /3j-M  level  falls  to 
or  below  300  pg/g  Cr  and  CdB  level  falls 
to  or  below  5  pg/lwb,  the  employer 
shall: 

(A)  Periodically  reassess  the 
employee's  occupational  exposure  to 
cadmium; 

(B)  Provide  biological  monitoring  in 
accordance  with  paragraph  (l)(2)(ii)(B) 
of  this  section  on  a  quarterly  basis;  and 

(C)  Provide  semiannual  medical 
examinations  in  accordance  with 
paragraph  (l)(4)(ii)  of  this  section. 

(iv)  For  all  employees  to  whom 
medical  surveillance  is  provided, 
beginning  on  January  1, 1999,  and  in  lieu 
of  paragraphs  (l)(3)(i) — (iii)  of  this 
section: 

(A)  If  the  results  of  the  initial 
biological  monitoring  tests  show  the 
employee’s  CdU  level  to  be  at  or  below 
3  pg/g  Cr,  /Jj-M  level  to  be  at  or  below 
300  pg/g  Cr  and  CdB  level  to  be  at  or 
below  5  pg/lwb,  then  for  currently 
exposed  employees,  the  employer  shall 
comply  with  the  requirements  of 
paragraph  (l){3)(i)(A)  of  this  section,  and 
for  previously  exposed  employees,  the 
employer  shall  comply  with  the 
requirements  of  paragraph  (l)(3){i)(B)  of 
this  section; 

(B)  If  the  results  of  the  initial 
biological  monitoring  tests  show  the 
level  of  CdU  to  exceed  3  pg/g  Cr,  the 
level  of  /32-M  to  exceed  300  pg/g  Cr,  or 
the  level  of  CdB  to  exceed  5  pg/lwb,  the 
employer  shall  comply  with  the 
requirements  of  paragraphs  (l)(3)(ii)(AJ— 

(C)  of  this  section;  and, 

(C)  If  the  results  of  the  initial 
biological  monitoring  tests  show  the 
level  of  CdU  to  be  in  excess  of  7  pg/g 
Cr,  or  the  level  of  CdB  to  be  in  excess  of 
10  pg/lwb,  or  the  level  of  /32-M  to  be  in 
excess  of  7 50  pg/g  Cr,  the  employer 
shall:  Comply  with  the  requirements  of 
paragraphs  (l)(3)(ii)(A) — (B)  of  this 
section;  and,  within  90  days  after  receipt 
of  biological  monitoring  results,  provide 
a  full  medical  examination  to  the 
employee  in  accordance  with  the 
requirements  of  paragraph  (l){4)(ii)  of 
this  section.  After  completing  the 


medical  examination,  the  examining 
physician  shall  determine  in  a  written 
medical  opinion  whether  to  medically 
remove  the  employee.  However,  if  the 
initial  biological  monitoring  results  and 
the  biological  monitoring  results 
obtained  during  the  medical 
examination  both  show  that:  CdU 
exceeds  7  pg/g  Cr;  or  CdB  exceeds  10 
pg/lwb;  or  exceeds  7 50  pg/g  Cr, 

and  in  addition  CdU  exceeds  3  pg/g  Cr 
or  CdB  exceeds  5  pg/liter  of  whole 
blood,  then  the  physician  shall 
medically  remove  the  employee  from 
exposure  to  cadmium  at  or  above  the 
action  level.  If  the  second  set  of 
biological  monitoring  results  obtained 
during  the  medical  examination  does  not 
show  that  a  mandatory  removal  trigger 
level  has  been  exceeded,  then  the 
employee  is  not  required  to  be  removed 
by  the  mandatory  provisions  of  this 
paragraph.  If  the  employee  is  not 
required  to  be  removed  by  the 
mandatory  provisions  of  this  paragraph 
or  by  the  physician’s  determination, 
then  until  the  employee’s  CdU  level  falls 
to  or  below  3  pg/g  Cr,  /32-M  level  falls  to 
or  below  300  pg/g  Cr  and  CdB  level  falls 
to  or  below  5  pg/lwb,  the  employer 
shall:  periodically  reassess  the 
employee’s  occupational  exposure  to 
cadmium;  provide  biological  monitoring 
in  accordance  with  paragraph 
(l](2)(ii)(B)  of  this  section  on  a  quarterly 
basis;  and  provide  semiannual  medical 
examinations  in  accordance  with 
paragraph  (l)(4)(ii)  of  this  section. 

(4)  Periodic  medical  surveillance,  (i) 
For  each  employee  who  is  covered 
under  paragraph  (l)(l)(i)(A)  of  this 
section,  the  employer  shall  provide  at 
least  the  minimum  level  of  periodic 
medical  surveillance,  which  consists  of 
periodic  medical  examinations  and 
periodic  biological  monitoring.  A 
periodic  medical  examination  shall  be 
provided  within  one  year  after  the  initial 
examination  required  by  paragraph  (1)(2) 
of  this  section  and  thereafter  at  least 
biennially.  Biological  sampling  shall  be 
provided  at  least  annually,  either  as  part 
of  a  periodic  medical  examination  or 
separately  as  periodic  biological 
monitoring. 

(ii)  The  periodic  medical  examination 
shall  include: 

(A)  A  detailed  medical  and  work 
history,  or  update  thereof,  with 
emphasis  on:  Past,  present  and 
anticipated  future  exposure  to  cadmium, 
smoking  history  and  current  status; 
reproductive  history;  current  use  of 
medications  with  potential  nephrotoxic 
side-effects;  any  history  of  renal, 
cardiovascular,  respiratory, 
hematopoietic,  and/or  musculo-skeletal 
system  dysfunction;  and  as  part  of  the 
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medical  and  work  history,  for  employees 
who  wear  respirators,  questions  3-11 
and  25-32  in  Appendix  D  to  this  section; 

(B)  A  complete  physical  examination 
with  emphasis  on;  Blood  pressure,  the 
respiratory  system,  and  the  urinary 
system; 

(C)  A 14  inch  by  17  inch,  or  a 
reasonably  standard  sized  posterior- 
anterior  chest  X-ray  (after  the  initial  X- 
ray,  the  frequency  of  chest  X-rays  is  to 
be  determined  by  the  examining 
physician); 

(D)  Pulmonary  function  tests, 
including  forced  vital  capacity  (FVC) 
and  forced  expiratory  volume  at  1 
second  (FEVl); 

(E)  Biological  monitoring,  as  required 
in  paragraph  (l)(2)(ii)(B)  of  this  section; 

(F)  Blood  analysis,  in  addition  to  the 
analysis  required  under  paragraph 
(l)(2)(ii)(B)  of  this  section,  including 
blood  urea  nitrogen,  complete  blood 
count,  and  serum  creatinine; 

(G)  Urinalysis,  in  addition  to  the 
analysis  required  under  paragraph 
(l)(2Kii)(B)  of  this  section,  including  the 
determination  of  albumin,  glucose,  and 
total  and  low  molecular  weight  proteins; 

(H)  For  males  over  40  years  old, 
prostate  palpation,  or  other  at  least  as 
effective  diagnostic  test(s);  and 

(I)  Any  additional  tests  deemed 
appropriate  by  the  examining  physician. 

(iii)  Periodic  biological  monitoring 
shall  be  provided  in  accordance  with 
paragraph  (1)(2Xh)(B)  of  this  section. 

(iv)  If  the  results  of  periodic  biological 
monitoring  or  the  results  of  biological 
monitoring  performed  as  part  of  the 
periodic  medical  examination  show  the 
level  of  the  employee’s  CdU.  0i-M,  or 
CdB  to  be  in  excess  of  the  levels 
specified  in  paragraphs  (I){3)(ii>— (iii)  of 
this  section;  or,  beginning  cm  January  1, 
1999,  in  excess  of  the  levels  specified  in 
paragraphs  (l)(3)(iv)  of  this  section,  the 
employer  shall  take  the  appropriate 
actions  specified  in  paragraphs  (l)(3)(ii)- 
(iv)  of  this  section. 

(v)  For  previously  exposed  employees 
under  paragraph  (l)(l)(i)(B)  of  this 
section: 

(A)  If  the  employee's  levels  of  CdU 
did  not  exceed  3  pg/g  Cr,  CdB  did  not 
exceed  5  pg/lwb,  and  Ba-M  did  not 
exceed  300  pg/g  Cr  in  the  initial 
biological  monitoring  tests,  and  if  the 
results  of  die  followup  biological 
monitoring  required  by  paragraph 
(l)(3)(i)(B)  of  this  section  within  one  year 
after  the  initial  examination  confirm  the 
previous  results,  the  employer  may 
discontinue  all  periodic  medical 
surveillance  for  that  employee. 

(B)  If  the  initial  biological  monitoring 
results  for  CdU.  CdB,  or  /9a-M  were  in 
excess  of  die  levels  specified  in 
paragraph  (I)(3Kf)  of  this  section,  but 


subsequent  biological  monitoring  results 
required  by  paragraph  (l)(3)(ii)-{rr)  of 
this  section  show  that  the  employee's 
CdU  levels  no  longer  exceed  3  pg/g  Cr, 
CdB  levels  no  longer  exceed  5  pg/lwb, 
and  Ba-M  levels  no  longer  exceed  300 
fig/g  Cr,  the  employer  shall  provide 
biological  monitoring  for  CdU,  CdB,  and 
B2-M  within  one  year  after  these  most 
recent  biological  monitoring  results.  If 
the  results  of  the  followup  biological 
monitoring  within  one  year,  specified  in 
this  paragraph,  confirm  the  previous 
results,  the  employer  may  discontinue 
all  periodic  medical  surveillance  for  that 
employee. 

(C)  However,  if  the  results  of  the 
follow-up  tests  specified  in  paragraph 
(l)(4)(v)(A)  or  (B)  of  this  section  indicate 
that  the  level  of  the  employee’s  CdU,  Ba~ 
M,  or  CdB  exceeds  these  same  levels, 
the  employer  is  required  to  provide 
annual  medical  examinations  in 
accordance  with  the  provisions  of 
paragraph  (l)(4)(ii)  of  this  section  until 
the  results  of  biological  monitoring  are 
consistently  below  these  levels  or  the 
examining  physician  determines  in  a 
written  medical  opinion  that  further 
medical  surveillance  is  not  required  to 
protect  the  employee's  health. 

(vi)  A  routine,  biennial  medical 
examination  is  not  required  to  be 
provided  in  accordance  with  paragraphs 
(l)(3)(i)  and  (1)(4)  of  this  section  if 
adequate  medical  records  show  that  the 
employee  has  been  examined  in 
accordance  with  the  requirements  of 
paragraph  (l)(4)(ii)  of  this  section  within 
the  past  12  months.  In  that  case,  such 
records  shall  be  maintained  by  the 
employer  as  part  of  the  employee’s 
medical  record,  and  the  next  routine, 
periodic  medical  examination  shall  be 
made  available  to  the  employee  within 
two  years  of  the  previous  examination. 

(5)  Actions  triggered  by  medical 
examinations,  (i)  If  the  results  of  a 
medical  examination  carried  out  in 
accordance  with  this  section  indicate 
any  laboratory  or  clinical  finding 
consistent  with  cadmium  toxicity  that 
does  not  require  employer  action  under 
paragraph  (1)(2),  (3)  or  (4)  of  this  section, 
the  employer,  within  30  days,  shall  * 
reassess  the  employee’s  occupational 
exposure  to  cadmium  and  take  the 
following  corrective  action  until  the 
physician  determines  they  are  no  longer 
necessary: 

(A)  Periodically  reassess:  The 
employee’s  work  practices  and  personal 
hygiene;  the  employee’s  respirator  use,  if 
any;  the  employee’s  smoking  history  and 
status;  the  respiratory  protection 
program;  the  hygiene  facilities;  and  the 
maintenance  and  effectiveness  of  the 
relevant  engineering  controls; 


(B)  Within  30  days  after  the 
reassessment,  take  all  reasonable  steps 
to  correct  the  deficiencies  found  in  the 
reassessment  that  may  be  responsible 
for  the  employee’s  excess  exposure  to 
cadmium; 

(C)  Provide  semiannual  medical 
reexaminations  to  evaluate  the 
abnormal  clinical  sign(s)  of  cadmium 
toxicity  until  the  results  are  normal  or 
the  employee  is  medically  removed;  and 

(D)  Where  the  results  of  tests  for  total 
proteins  in  urine  are  abnormal,  provide 
a  more  detailed  medical  evaluation  of 
the  toxic  effects  of  cadmium  on  the 
employee’s  renal  system. 

(6)  Examination  for  respirator  use.  (i) 
To  determine  an  employee’s  fitness  for 
respirator  use,  the  employer  shall 
provide  a  medical  examination  that 
includes  the  elements  specified  in 
paragraph  (l)(6)(i)(A}-(D)  of  this  section. 
This  examination  shall  be  provided 
prior  to  the  employee's  being  assigned 
to  a  job  that  requires  the  use  of  a 
respirator  or  no  later  than  90  days  after 
this  section  goes  into  effect,  whichever 
date  is  later,  to  any  employee  without  a 
medical  examination  within  the 
preceding  12  months  that  satisfies  the 
requirements  of  this  paragraph. 

(A)  A  detailed  medical  and  work 
history,  or  update  thereof,  with 
emphasis  on:  Past  exposure  to  cadmium; 
smoking  history  and  current  status;  any 
history  of  renal,  cardiovascular, 
respiratory,  hematopoietic,  and/or 
musculoskeletal  system  dysfunction;  a 
description  of  the  job  for  which  the 
respirator  is  required;  and  questions  3- 
11  and  25-3Z  in  appendix  D  to  this 
section; 

(B)  A  blood  pressure  test; 

(C)  Biological  monitoring  of  the 
employee’s  levels  of  CdU,  CdB  and  B2-M 
in  accordance  with  the  requirements  of 
paragraph  (I)(2)(ii)(B)  of  this  section, 
unless  such  results  already  have  been 
obtained  within  the  previous  12  months; 
and 

(D)  Any  other  test  or  procedure  that 
the  examining  physician  deems 
appropriate. 

(ii)  After  reviewing  all  the  information 
obtained  from  the  medical  examination 
required  in  paragraph  (l)(6)(i)  of  this 
section,  the  physician  shall  determine 
whether  the  employee  is  fit  to  wear  a 
respirator. 

(iii)  Whenever  an  employee  has 
exhibited  difficulty  in  breathing  during  a 
respirator  fit  test  or  during  use  of  a 
respirator,  the  employer,  as  soon  as 
possible,  shall  provide  the  employee 
with  a  periodic  medical  examination  in 
accordance  with  paragraph  (l)(4)(ii)  of 
this  section  to  determine  the  employee’s 
fitness  to  wear  a  respirator. 
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(iv)  Where  the  results  of  the 
examination  required  under  paragraph 
(l)(6)(i)  or  (ii)  of  this  section  are 
abnormal,  medical  limitation  or 
prohibition  of  respirator  use  shall  be 
considered.  If  the  employee  is  allowed 
to  wear  a  respirator,  the  employee's 
ability  to  continue  to  do  so  shall  be 
periodically  evaluated  by  a  physician. 

(7)  Emergency  examinations,  (i)  In 
addition  to  the  medical  surveillance 
required  in  paragraphs  (1)(2)— (6)  of  this 
section,  the  employer  shall  provide  a 
medical  examination  as  soon  as 
possible  to  any  employee  who  may  have 
been  acutely  exposed  to  cadmium 
because  of  an  emergency. 

(ii)  The  examination  shall  include  the 
requirements  of  paragraph  (l)(4)(ii)  of 
this  section,  with  emphasis  on  the 
respiratory  system,  other  organ  systems 
considered  appropriate  by  the 
examining  physician,  and  symptoms  of 
acute  overexposure,  as  identified  in 
paragraphs  II  fB)(l)— (2)  and  IV  of 
appendix  A  to  this  section. 

(8)  Termination  of  employment 
examination,  (i)  At  termination  of 
employment,  the  employer  shall  provide 
a  medical  examination  in  accordance 
with  paragraph  (l)(4)(ii)  of  this  section, 
including  a  chest  X-ray,  to  any  employee 
to  whom  at  any  prior  time  the  employer 
was  required  to  provide  medical 
surveillance  under  paragraphs  (l)(l)(i)  or 
(1){7)  of  this  section.  However,  if  the  last 
examination  satisfied  the  requirements 
of  paragraph  (l)(4)(ii)  of  this  section  and 
was  less  than  six  months  prior  to  the 
date  of  termination,  no  further 
examination  is  required  unless 
otherwise  specified  in  paragraphs  (1){3) 
or  (1)(5)  of  this  section; 

(ii)  However,  for  employees  covered 
by  paragraph  (l)(l)(i)(B)  of  this  section,  if 
the  employer  has  discontinued  all 
periodic  medical  surveillance  under 
paragraph  (l)(4)(v)  of  this  section,  no 
termination  of  employment  medical 
examination  is  required. 

(9)  Information  provided  to  the 
physician.  The  employer  shall  provide 
the  following  information  to  the 
examining  physician: 

(i)  A  copy  of  this  standard  and 
appendices; 

(ii)  A  description  of  the  affected 
employee’s  former,  current,  and 
anticipated  duties  as  they  relate  to  the 
employee's  occupational  exposure  to 
cadmium; 

(iii)  The  employee’s  former,  current 
and  anticipated  future  levels  of 
occupational  exposure  to  cadmium; 

(iv)  A  description  of  any  personal 
protective  equipment,  including 
respirators,  used  or  to  be  used  by  the 
employee,  including  when  and  for  how 


long  the  employee  has  used  that 
equipment;  and 

(v)  relevant  results  of  previous 
biological  monitoring  and  medical 
examinations. 

(10)  Physician 's  written  medical 
opinion,  (i)  The  employer  shall  promptly 
obtain  a  written,  signed  medical  opinion 
from  the  examining  physician  for  each 
medical  examination  performed  on  each 
employee.  This  written  opinion  shall 
contain: 

(A)  The  physician’s  diagnosis  for  the 
employee; 

(B)  The  physician’s  opinion  as  to 
whether  the  employee  has  any  detected 
medical  condition(s)  that  would  place 
the  employee  at  increased  risk  of 
material  impairment  to  health  from 
further  exposure  to  cadmium,  including 
any  indications  of  potential  cadmium 
toxicity; 

(C)  The  results  of  any  biological  or 
other  testing  or  related  evaluations  that 
directly  assess  the  employee’s 
absorption  of  cadmium; 

(D)  Any  recommended  removal  from, 
or  limitation  on  the  activities  or  duties 
of  the  employee  or  on  the  employee’s 
use  of  personal  protective  equipment, 
such  as  respirators; 

(E)  A  statement  that  the  physician  has 
clearly  and  carefully  explained  to  the 
employee  the  results  of  the  medical 
examination,  including  all  biological 
monitoring  results  and  any.  medical 
conditions  related  to  cadmium  exposure 
that  require  further  evaluation  or 
treatment,  and  any  limitation  on  the 
employee’s  diet  or  use  of  medications. 

(11)  The  employer  promptly  shall 
obtain  a  copy  of  the  results  of  any 
biological  monitoring  provided  by  an 
employer  to  an  employee  independently 
of  a  medical  examination  under 
paragraphs  (1)(2)  and  (1)(4)  of  this 
section,  and,  in  lieu  of  a  written  medical 
opinion,  an  explanation  sheet  explaining 
those  results. 

(iii)  The  employer  shall  instruct  the 
physician  not  to  reveal  orally  or  in  the 
written  medical  opinion  given  to  the 
employer  specific  findings  or  diagnoses 
unrelated  to  occupational  exposure  to 
cadmium. 

(11)  Medical  Removal  Protection 
(MRP} — (i)  General.  (A)  The  employer 
shall  temporarily  remove  an  employee 
from  work  where  there  is  excess 
exposure  to  cadmium  on  each  occasion 
that  medical  removal  is  required  under 
paragraph  (1)(3),  (1)(4).  or  (1){6)  of  this 
section  and  on  each  occasion  that  a 
physician  determines  in  a  written 
medical  opinion  that  the  employee 
should  be  removed  from  such  exposure. 
The  physician's  determination  may  be 
based  on  biological  monitoring  results, 
inability  to  wear  a  respirator,  evidence 


of  illness,  other  signs  or  symptoms  of 
cadmium-related  dysfunction  or  disease, 
or  any  other  reason  deemed  medically 
sufficient  by  the  physician. 

(B)  The  employer  shall  medically 
remove  an  employee  in  accordance  with 
paragraph  (1)(11)  of  this  section 
regardless  of  whether  at  the  time  of 
removal  a  job  is  available  into  which  the 
removed  employee  may  be  transferred. 

(C)  Whenever  an  employee  is 
medically  removed  under  paragraph 
(1)(11)  of  this  section,  the  employer  shall 
transfer  the  removed  employee  to  a  job 
where  the  exposure  to  cadmium  is 
within  the  permissible  levels  specified  in 
that  paragraph  as  soon  as  one  becomes 
available. 

(D)  For  any  employee  who  is 
medically  removed  under  the  provisions 
of  paragraph  (l)(ll)(i)  of  this  section,  the 
employer  shall  provide  follow-up 
biological  monitoring  in  accordance 
with  (l)(2)(ii)(B)  of  this  section  at  least 
every  three  months  and  follow-up 
medical  examinations  semi-annually  at 
least  every  six  months  until  in  a  written 
medical  opinion  the  examining 
physician  determines  that  either  the 
employee  may  be  returned  to  his/her 
former  job  status  as  specified  under 
paragraph  (l)(ll)(iv)— (v)  of  this  section  * 
or  the  employee  must  be  permanently 
removed  from  excess  cadmium 
exposure. 

(E)  The  employer  may  not  return  an 
employee  who  has  been  medically 
removed  for  any  reason  to  his/her 
former  job  status  until  a  physician 
determines  in  a  written  medical  opinion 
that  continued  medical  removal  is  no 
longer  necessary  to  protect  the 
employee’s  health. 

(ii)  Where  an  employee  is  found  unfit 
to  wear  a  respirator  under  paragraph 
(l)(6)(ii)  of  this  section,  the  employer 
shall  remove  the  employee  from  work 
where  exposure  to  cadmium  is  above 
the  PEL. 

(iii)  Where  removal  is  based  on  any 
reason  other  than  the  employee’s 
inability  to  wear  a  respirator,  the 
employer  shall  remove  the  employee 
from  work  where  exposure  to  cadmium 
is  at  or  above  the  action  level. 

(iv)  Except  as  specified  in  paragraph 
(l)(ll)(v)  of  this  section,  no  employee 
who  was  removed  because  his/her  level 
of  CdU,  CdB  and/or  /32-M  exceeded  the 
mandatory  medical  removal  trigger 
levels  in  paragraph  (1)(3)  or  (1)(4)  of  this 
section  may  be  returned  to  work  with 
exposure  to  cadmium  at  or  above  the 
action  level  until  the  employee’s  levels 
of  CdU  fall  to  or  below  3  pg/g  Cr,  CdB 
falls  to  or  below  5  jxg/lwb,  and  &-M 
falls  to  or  below  300  pg/g  Cr. 
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(v)  However,  when  in  the  examining 
physician's  opinion  continued  exposure 
to  cadmium  will  not  pose  an  increased 
risk  to  the  employee’s  health  and  there 
are  special  circumstances  that  make 
continued  medical  removal  an 
inappropriate  remedy,  the  physician 
shall  fully  discuss  these  matters  with  the 
employee,  and  then  in  a  written 
determination  may  return  a  worker  to 
his/her  former  job  status  despite  what 
would  otherwise  be  unacceptably  high 
biological  monitoring  results.  Thereafter, 
the  returned  employee  shall  continue  to 
be  provided  with  medical  surveillance 
as  if  he/she  were  still  on  medical 
removal  until  the  employee's  levels  of 
CdU  fall  to  or  below  3  p.g/g  Cr,  CdB  falls 
to  or  below  5  fig/lwb,  and  /fc-M  falls  to 
or  below  300  pg/g  Cr. 

(vi)  Where  an  employer,  although  not 
required  by  paragraph  (lXllX*Hi“)  of 
this  section  to  do  so,  removes  an 
employee  from  exposure  to  cadmium  or 
otherwise  places  limitations  on  an 
employee  due  to  the  effects  of  cadmium 
exposure  on  the  employee’s  medical 
condition,  the  employer  shall  provide 
the  same  medical  removal  protection 
benefits  to  that  employee  under 
paragraph  (1X12)  of  this  section  as 
would  have  been  provided  had  the 
removal  been  required  under  paragraph 
(l)(llKiHiii)  of  this  section. 

(12)  Medical  Removal  Protection 
Benefits  (MRPB).  (i)  The  employer  shall 
provide  MRPB  for  up  to  a  maximum  of 
18  nlonths  to  an  employee  each  time  and 
while  the  employee  is  temporarily 
medically  removed  under  paragraph  . 
(1)(11)  of  this  section. 

(ii)  For  purposes  of  this  section,  the 
requirement  that  the  employer  provide 
MRPB  means  that  the  employer  shall 
maintain  the  total  normal  earnings, 
seniority,  and  all  other  employee  rights 
and  benefits  of  the  removed  employee, 
including  the  employee’s  right  to  his/her 
former  job  status,  as  if  the  employee  had 
not  been  removed  from  the  employee’s 
job  or  otherwise  medically  limited. 

(iii)  Where,  after  18  months  on 
medical  removal  because  of  elevated 
biological  monitoring  results,  the 
employee's  monitoring  results  have  not 
declined  to  a  low  enough  level  to  permit 
the  employee  to  be  returned  to  his/her 
former  job  status: 

(A)  The  employer  shall  make 
available  to  the  employee  a  medical 
examination  pursuant  to  this  section  in 
order  to  obtain  a  final  medical 
determination  as  to  whether  the 
employee  may  be  returned  to  his/her 
former  job  status  or  must  be 
permanently  removed  from  excess 
cadmium  exposure;  and 

(B)  The  employer  shall  assure  that  the 
final  medical  determination  indicates 


whether  the  employee  may  be  returned 
to  his/her  former  job  status  and  what 
steps,  if  any,  should  be  taken  to  protect 
the  employee’s  health. 

(iv)  The  employer  may  condition  the 
provision  of  MRPB  upon  the  employee’s 
participation  in  medical  surveillance 
provided  m  accordance  with  this 
section. 

(13)  Multiple  physician  review,  (i)  If 
the  employer  selects  the  initial 
physician  to  conduct  any  medical 
examination  or  consultation  provided  to 
an  employee  under  this  section,  the 
employee  may  designate  a  second 
physician  to: 

(A)  Review  any  findings, 
determinations,  or  recommendations  of 
the  initial  physician;  and 

(B)  Conduct  such  examinations, 
consultations,  and  laboratory  tests  as 
the  second  physician  deems  necessary 
to  facilitate  this  review. 

(ii)  The  employer  shall  promptly  notify 
an  employee  of  the  right  to  seek  a 
second  medical  opinion  after  each 
occasion  that  an  initial  physician 
provided  by  the  employer  conducts  a 
medical  examination  or  consultation 
pursuant  to  this  section.  The  employer 
may  condition  its  participation  in,  and 
payment  for,  multiple  physician  review 
upon  the  employee  doing  the  following 
within  fifteen  (15)  days  after  receipt  of 
this  notice,  or  receipt  of  the  initial 
physician’s  written  opinion,  whichever 
is  later: 

(A)  Informing  the  employer  that  he  or 
she  intends  to  seek  a  medical  opinion; 
and 

(B)  Initiating  steps  to  make  an 
appointment  with  a  second  physician. 

(iii)  If  the  findings,  determinations,  or 
recommendations  of  the  second 
physician  differ  from  those  of  the  initial 
physician,  then  the  employer  and  the 
employee  shall  assure  that  efforts  are 
made  for  the  two  physicians  to  resolve 
any  disagreement. 

(iv)  If  the  two  physicians  have  been 
unable  to  quickly  resolve  their 
disagreement,  then  the  employer  and  the 
employee,  through  their  respective 
physicians,  shall  designate  a  third 
physician  to: 

(A)  Review  any  findings, 
determinations,  or  recommendations  of 
the  other  two  physicians;  and 

(B)  Conduct  such  examinations, 
consultations,  laboratory  tests,  and 
discussions  with  the  other  two 
physicians  as  the  third  physician  deems 
necessary  to  resolve  the  disagreement 
among  them. 

(v)  The  employer  shall  act 
consistently  with  the  findings, 
determinations,  and  recommendations 
of  the  third  physician,  unless  the 
employer  and  the  employee  reach  an 


agreement  that  is  consistent  with  the 
recommendations  of  at  least  one  of  the 
other  two  physicians. 

(14)  Alternate  physician 
determination.  The  employer  and  an 
employee  or  designated  employee 
representative  may  agree  upon  the  use 
of  any  alternate  form  of  physician 
determination  in  lieu  of  the  multiple 
physician  review  provided  by  paragraph 
(1)(13J  of  this  section,  so  long  as  the 
alternative  is  expeditious  and  at  least  as 
protective  of  the  employee. 

(15)  Information  the  employer  must 
provide  the  employee,  (i)  The  employer 
shall  provide  a  copy  of  the  physician’s 
written  medical  opinion  to  the  examined 
employee  within  two  weeks  after  receipt 
thereof. 

(ii)  The  employer  shall  provide  the 
employee  with  a  copy  of  the  employee's 
biological  monitoring  results  and  an 
explanation  sheet  explaining  the  results 
within  two  weeks  after  receipt  thereof. 

(iii)  Within  30  days  after  a  request  by 
an  employee,  the  employer  shall  provide 
the  employee  with  the  information  the 
employer  is  required  to  provide  the 
examining  physician  under  paragraph 
(1)(9)  of  this  section. 

(16)  Reporting.  In  addition  to  other 
medical  events  that  are  required  to  be 
reported  on  the  QSHA  Form  No.  200.  the 
employer  shall  report  any  abnormal 
condition  or  disorder  caused  by 
exposure  to  occupational  factors 
associated  with  employment  as 
specified  in  Chapter  (V)(E)  of  the 
Reporting  Guidelines  for  Occupational 
Injuries  and  Illnesses. 

(m)  Communication  of  cadmium 
hazards  to  employees — -(1)  General.  In 
communications  concerning  cadmium 
hazards,  employers  shall  comply  with 
the  requirements  of  OSHA’s  Hazard 
Communication  Standard,  29  CFR 
1910.1200,  including  but  not  limited  to 
the  requirements  concerning  warning 
signs  and  labels,  material  safety  data 
sheets  (MSDS),  and  employee 
information  and  training.  In  addition, 
employers  shall  comply  with  the 
following  requirements: 

(2)  Warning  signs,  (i)  Warning  signs 
shall  be  provided  and  displayed  in 
regulated  areas.  In  addition,  warning 
signs  shall  be  posted  at  all  approaches 
to  regulated  areas  so  that  an  employee 
may  read  the  signs  and  take  necessary 
protective  steps  before  entering  the 
area. 

(ii)  Warning  signs  required  by 
paragraph  (m)(2)(i)  of  this  section  shall 
bear  the  following  information: 

DANGER 
CADMIUM 
CANCER  HAZARD 

CAN  CAUSE  LUNG  AND  KIDNEY  DISEASE 
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AUTHORIZED  PERSONNEL  ONLY 
RESPIRATORS  REQUIRED  IN  THIS  AREA 

(iii)  The  employer  shall  assure  that 
signs  required  by  this  paragraph  are 
illuminated,  cleaned,  and  maintained  as 
necessary  so  that  the  legend  is  readily 
visible. 

(3)  Warning  labels,  (i)  Shipping  and 
storage  containers  containing  cadmium, 
cadmium  compounds,  or  cadmium 
contaminated  clothing,  equipment, 
waste,  scrap,  or  debris  shall  bear 
appropriate  warning  labels,  as  specified 
in  paragraph  (m)(3)(ii)  of  this  section. 

(ii)  The  warning  labels  shall  include  at 
least  the  following  information: 

DANGER 

CONTAINS  CADMIUM 

CANCER  HAZARD 

AVOID  CREATING  DUST 

CAN  CAUSE  LUNG  AND  KIDNEY  DISEASE 

(iii)  Where  feasible,  installed 
cadmium  products  shall  have  a  visible 
label  or  other  indication  that  cadmium  is 
present. 

(4)  Employee  information  and 
training,  (i)  The  employer  shall  institute 
a  training  program  for  all  employees 
who  are  potentially  exposed  to 
cadmium,  assure  employee  participation 
in  the  program,  and  maintain  a  record  of 
the  contents  of  such  program. 

(ii)  Training  shall  be  provided  prior  to 
or  at  the  time  of  initial  Assignment  to  a 
job  involving  potential  exposure  to 
cadmium  and  at  least  annually 
thereafter.  ^ 

(iii)  The  employer  shall  make  the 
training  program  understandable  to  the 
employee  and  shall  assure  that  each 
employee  is  informed  of  the  following: 

(A)  The  health  hazards  associated 
with  cadmium  exposure,  with  special 
attention  to  the  information 
incorporated  in  appendix  A  to  the 
section: 

(B)  The  quantity,  location,  manner  of 
use,  release,  and  storage  of  cadmium  in 
the  workplace  and  the  specific  nature  of 
operations  that  could  result  in  exposure 
to  cadmium,  especially  exposures  aboye 
the  PEL: 

(C)  The  engineering  controls  and  work 
practices  associated  with  the 
employee’s  job  assignment; 

(D)  The  measures  employees  can  take 
to  protect  themselves  from  exposure  to 
cadmium,  including  modification  of  such 
habits  as  smoking  and  personal  hygiene, 
and  specific  procedures  the  employer 
has  implemented  to  protect  employees 
from  exposure  to  cadmium  such  as 
appropriate  work  practices,  emergency 
procedures,  and  the  provision  of 
personal  protective  equipment: 

(E)  The  purpose,  proper  selection, 
fitting,  proper  use,  and  limitations  of 
respirators  and  protective  clothing: 


(F)  The  purpose  and  a  description  of 
the  medical  surveillance  program 
required  by  paragraph  (1)  of  this  section: 

(G)  The  contents  of  this  section  and 
its  appendices:  and 

(H)  The  employee’s  rights  of  access  to 
records  under  §  1910.20(g)(1)  and  (2). 

(iv)  Additional  access  to  information 
and  training  program  and  materials. 

(A)  The  employer  shall  make  a  copy 
of  this  section  and  its  appendices 
readily  available  without  cost  to  all 
affected  employees  and  shall  provide  a 
copy  if  requested. 

(B)  The  employer  shall  provide  to  the 
Assistant  Secretary  or  the  Director, 
upon  request,  all  materials  relating  to 
the  employee  information  and  the 
training  program. 

(n)  Recordkeeping — (1)  Exposure 
monitoring,  (i)  The  employer  shall 
establish  and  keep  an  accurate  record  of 
all  air  monitoring  for  cadmium  in  the 
workplace. 

(ii)  This  record  shall  include  at  least 
the  following  information: 

(A)  The  monitoring  date,  duration,  and 
results  in  terms  of  an  8-hour  TWA  of 
each  sample  taken: 

(B)  The  name,  social  security  number, 
and  job  classification  of  the  employees 
monitored  and  of  all  other  employees 
whose  exposures  the  monitoring  is 
intended  to  represent; 

(C)  A  description  of  the  sampling  and 
analytical  methods  used  and  evidence 
of  their  accuracy; 

(D)  The  type  of  respiratory  protective 
device,  if  any.  worn  by  the  monitored 
employee; 

(E)  A  notation  of  any  other  conditions 
that  might  have  affected  the  monitoring 
results. 

(iii)  The  employer  shall  maintain  this 
record  for  at  least  thirty  (30)  years,  in 
accordance  with  29  CFR  1910.20. 

(2)  Objective  data  for  exemption  from 
requirement  for  initial  monitoring,  (i) 

For  purposes  of  this  section,  objective 
data  are  information  demonstrating  that 
a  particular  product  or  material 
containing  cadmium  or  a  specific 
process,  operation,  or  activity  involving 
cadmium  cannot  release  dust  or  fumes 
in  concentrations  at  or  above  the  action 
level  even  under  the  worst-case  release 
conditions.  Objective  data  can  be 
obtained  from  an  industry-wide  study  or 
from  laboratory  product  test  results  from 
manufacturers  of  cadmium-containing 
products  or  materials.  The  data  the 
employer  uses  from  an  industry-wide 
survey  must  be  obtained  under 
workplace  conditions  closely  resembling 
the  processes,  types  of  material,  control 
methods,  work  practices  and 
environmental  conditions  in  the 
employer’s  current  operations. 


(ii)  The  employer  shall  establish  and 
maintain  a  record  of  the  objective  data 
for  at  least  30  years. 

(3)  Medical  surveillance,  (i)  The 
employer  shall  establish  and  maintain 
an  accurate  record  for  each  employee 
covered  by  medical  surveillance  under 
paragraph  (l)(l)(i)  of  this  section. 

(ii)  The  record  shall  include  at  least 
the  following  information  about  the 
employee: 

(A)  Name,  social  security  number,  and 
description  of  the  duties; 

(B)  A  copy  of  the  physician’s  written 
opinions  and  an  explanation  sheet  for 
biological  monitoring  results; 

(C)  A  copy  of  the  medical  history,  and 
the  results  of  any  physical  examination 
and  all  test  results  that  are  required  to 
be  provided  by  this  section,  including 
biological  tests,  X-rays,  pulmonary 
function  tests,  etc.,  or  that  have  been 
obtained  to  further  evaluate  any 
condition  that  might  be  related  to 
cadmium  exposure; 

(D)  The  employee’s  medical  symptoms 
that  might  be  related  to  exposure  to 
cadmium;  and 

(E)  A  copy  of  the  information 
provided  to  the  physician  as  required  by 
paragraph  (l)(9)(ii)-(v)  of  this  section. 

(iii)  The  employer  shall  assure  that 
this  record  is  maintained  for  the 
duration  of  employment  plus  thirty  (30) 
years,  in  accordance  with  29  CFR 
1910.20. 

(4)  Training.  The  employer  shall 
certify  that  employees  have  been 
trained  by  preparing  a  certification 
record  which  includes  the  identity  of  the 
person  trained,  the  signature  of  the 
employer  or  the  person  who  conducted 
the  training,  and  the  date  the  training 
was  completed.  The  certification  records 
shall  be  prepared  at  the  completion  of 
training  and  shall  be  maintained  on  file 
for  one  (1)  year  beyond  the  date  of 
training  of  that  employee. 

(5)  A  vailability.  (i)  Except  as 
otherwise  provided  for  in  this  section, 
access  to  all  records  required  to  be 
maintained  by  paragraphs  (n)(l)-(4)  of 
this  section  shall  be  in  accordance  with 
the  provisions  of  29  CFR  1910.20. 

(ii)  Within  15  days  after  a  request,  the 
employer  shall  make  an  employee's 
medical  records  required  to  be  kept  by 
paragraph  (n)(3)  of  this  section  available 
for  examination  and  copying  to  the 
subject  employee,  to  designated 
representatives,  to  anyone  having  the 
specific  written  consent  of  the  subject 
employee,  and  after  the  employee’s 
death  or  incapacitation,  to  the 
employee’s  family  members. 

(6)  Transfer  of  records.  Whenever  an 
employer  ceases  to  do  business  and 
there  is  no  successor  employer  to 
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receive  and  retain  records  for  the 
prescribed  period  or  the  employer 
intends  to  dispose  of  any  records 
required  to  be  preserved  for  at  least  30 
years,  the  employer  shall  comply  with 
the  requirements  concerning  transfer  of 
records  set  forth  in  29  CFR  1910.20  (h). 

(o)  Observation  of  monitoring — (1) 
Employee  observation.  The  employer 
shall  provide  affected  employees  or 
their  designated  representatives  an 
opportunity  to  observe  any  monitoring 
of  employee  exposure  to  cadmium. 

(2)  Observation  procedures.  When 
observation  of  monitoring  requires  entry 
into  an  area  where  the  use  of  protective 
clothing  or  equipment  is  required,  the 
employer  shall  provide  the  observer 
with  that  clothing  and  equipment  and 
shall  assure  that  the  observer  uses  such 
clothing  and  equipment  and  complies 
with  all  other  applicable  safety  and 
health  procedures. 

(p)  Dates — (1)  Effective  date.  This 
section  shall  become  effective  December 
14, 1992. 

(2)  Start-up  dates.  All  obligations  of 
this  section  commence  on  the  effective 
date  except  as  follows: 

(i)  Exposure  monitoring.  Except  for 
small  businesses  (nineteen  (19)  or  fewer 
employees),  initial  monitoring  required 
by  paragraph  (d)(2)  of  this  section  shall 
be  completed  as  soon  as  possible  and  in 
any  event  no  later  than  60  days  after  the 
effective  date  of  this  standard.  For  small 
businesses,  initial  monitoring  required 
by  paragraph  (d)(2)  of  this  section  shall 
be  completed  as  soon  as  possible  and  in 
any  event  no  later  than  120  days  after 
the  effective  date  of  this  standard. 

(ii)  Regulated  areas.  Except  for  small 
business,  defined  under  paragraph 
(p)(2)(i)  of  this  section,  regulated  areas 
required  to  be  established  by  paragraph 
(e)  of  this  section  shall  be  set  up  as  soon 
as  possible  after  the  results  of  exposure 
monitoring  are  known  and  in  any  event 
no  later  than  90  days  after  the  effective 
date  of  this  section.  For  small 
businesses,  regulated  areas  required  to 
be  established  by  paragraph  (e)  of  this 
section  shall  be  set  up  as  soon  as 
possible  after  the  results  of  exposure 
monitoring  are  known  and  in  any  event 
no  later  than  150  days  after  the  effective 
date  of  this  section. 

(iii)  Respiratory  protection.  Except  for 
small  businesses,  defined  under 
paragraph  (p)(2)(i)  of  this  section, 
respiratory  protection  required  by 
paragraph  (g)  of  this  section  shall  be 
provided  as  soon  as  possible  and  in  any 
event  no  later  than  90  days  after  the 
effective  date  of  this  section.  For  small 
businesses,  respiratory  protection 
required  by  paragraph  (g)  of  this  section 
shall  be  provided  as  soon  as  possible 


and  in  any  event  no  later  than  150  days 
after  the  effective  date  of  this  section. 

(iv)  Compliance  program.  Written 
compliance  programs  required  by 
paragraph  (f)(2)  of  this  section  shall  be 
completed  and  available  for  inspection 
and  copying  as  soon  as  possible  and  in 
any  event  no  later  than  1  year  after  the 
effective  date  of  this  section. 

(v)  Methods  of  compliance.  The 
engineering  controls  required  by 
paragraph  (f)(1)  of  this  section  shall  be 
implemented  as  soon  as  possible  and  in 
any  event  no  later  than  two  (2)  years 
after  the  effective  date  of  this  section. 
Work  practice  controls  shall  be 
implemented  as  soon  as  possible.  Work 
practice  controls  that  are  directly 
related  to  engineering  controls  to  be 
implemented  in  accordance  with  the 
compliance  plan  shall  be  implemented 
as  soon  as  possible  after  such 
engineering  controls  are  implemented. 

(vi)  Hygiene  and  lunchroom  facilities. 
(A)  Handwashing  facilities,  permanent 
or  temporary,  shall  be  provided  in 
accordance  with  29  CFR  1910.141  (d)(1) 
and  (2)  as  soon  as  possible  and  in  any 
event  no  later  than  60  days  after  the 
effective  date  of  this  section. 

(B)  Change  rooms,  showers,  and 
lunchroom  facilities  shall  be  completed 
as  soon  as  possible  and  in  any  event  no 
later  than  1  year  after  the  effective  date 
of  this  section. 

(vii)  Employee  information  and 
training.  Except  for  small  businesses, 
defined  under  paragraph  (p)(2)(i)  of  this 
section,  employee  information  and 
training  required  by  paragraph  (m)(4)  of 
this  section  shall  be  provided  as  soon  as 
possible  and  in  any  event  no  later  than 
90  days  after  the  effective  date  of  this 
standard.  For  small  businesses, 
employee  information  and  training 
required  by  paragraph  (m)(4)  of  this 
standard  shall  be  provided  as  soon  as 
possible  and  in  any  event  ho  later  than 
180  days  after  the  effective  date  of  this 
standard. 

(viii)  Medical  surveillance.  Except  for 
small  businesses,  defined  under 
paragraph  (p)(2)(i)  of  this  section,  initial 
medical  examinations  required  by 
paragraph  (1)  of  this  section  shall  be 
provided  as  soon  as  possible  and  in  any 
event  no  later  than  90  days  after  the 
effective  date  of  this  standard.  For  small 
businesses,  initial  medical  examinations 
required  by  paragraph  (1)  of  this  section 
shall  be  provided  as  soon  as  possible 
and  in  any  event  no  later  than  180  days 
after  the  effective  date  of  this  standard. 

(q)  Appendices.  (1)  Appendix  C  to  this 
section  is  incorporated  as  part  of  this 
section,  and  compliance  with  its 
contents  is  mandatory. 

(2)  Except  where  portions  of 
appendices  A,  B,  D,  E,  and  F  to  this 


section  are  expressly  incorporated  in 
requirements  of  this  section,  these 
appendices  are  purely  informational  and 
are  not  intended  to  create  any 
additional  obligations  not  otherwise 
imposed  or  to  detract  from  any  existing 
obligations. 

Appendix  A  to  5 _ — Substance 

Safety  Data  Sheet 

Cadmium 

I.  Substance  Identification 

A.  Substance:  Cadmium. 

B.  8-Hour,  Time-weighted-average, 
Permissible  Exposure  Limit  (TWA  PEL): 

1.  TWA  PEL:  Five  micrograms  of  cadmium 
per  cubic  meter  of  air  5  pg/ms,  time-weighted 
average  (TWA)  for  an  8-hour  workday. 

C.  Appearance:  Cadmium  metal — soft, 
blue-white,  malleable,  lustrous  metal  or 
grayish-white  powder.  Some  cadmium 
compounds  may  also  appear  as  a  brown, 
yellow,  or  red  powdery  substance. 

II.  Health  Hazard  Data 

A.  Routes  of  Exposure.  Cadmium  can  cause 
local  skin  or  eye  irritation.  Cadmium  can 
affect  your  health  if  you  inhale  it  or  if  you 
swallow  it. 

B.  Effects  of  Overexposure. 

1.  Short-term  (acute)  exposure:  Cadmium  is 
much  more  dangerous  by  inhalation  than  by 
ingestion.  High  exposures  to  cadmium  that 
may  be  immediately  dangerous  to  life  or 
health  occur  in  jobs  where  workers  handle 
large  quantities  of  cadmium  dust  or  fume: 
heat  cadmium-containing  compounds  or 
cadmium-coated  surfaces;  weld  with 
cadmium  solders  or  cut  cadmium-containing 
materials  such  as  bolts. 

2.  Severe  exposure  may  occur  before 
symptoms  appear.  Early  symptoms  may 
include  mild  irritation  of  the  upper 
respiratory  tract,  a  sensation  of  constriction 
of  the  throat,  a  metallic  taste  and/or  a  cough. 
A  period  of  1-10  hours  may  precede  the  onset 
of  rapidly  progressing  shortness  of  breath, 
chest  pain,  and  flu-like  symptoms  with 
weakness,  fever,  headache,  chills,  sweating 
and  muscular  pain.  Acute  pulmonary  edema 
usually  develops  within  24  hours  and  reaches 
a  maximum  by  three  days.  If  death  from 
asphyxia  does  not  occur,  symptoms  may 
resolve  within  a  week. 

3.  Long-term  (chronic)  exposure.  Repeated 
or  long-term  exposure  to  cadmium,  even  at 
relatively  low  concentrations,  may  result  in 
kidney  damage  and  an  increased  risk  of 
cancer  of  the  lung  and  of  the  prostate. 

C.  Emergency  First  Aid  Procedures. 

1.  Eye  exposure:  Direct  contact  may  cause 
redness  or  pain.  Wash  eyes  immediately  with 
large  amounts  of  water,  lifting  the  upper  and 
lower  eyelids.  Get  medical  attention 
immediately. 

2.  Skin  exposure:  Direct  contact  may  result 
in  irritation.  Remove  contaminated  clothing 
and  shoes  immediately.  Wash  affected  area 
with  soap  or  mild  detergent  and  large 
amounts  of  water.  Get  medical  attention 
immediately. 

3.  Ingestion:  Ingestion  may  result  in 
vomiting,  abdominal  pain,  nausea,  diarrhea, 
headache  and  sore  throat.  Treatment  for 
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symptoms  must  be  administered  by  medical 
personnel.  Under  no  circumstances  should 
the  employer  allow  any  person  whom  he 
retains,  employs,  supervises  or  controls  to 
engage  in  therapeutic  chelation.  Such 
treatment  is  likely  to  translocate  cadmium 
from  pulmonary  or  other  tissue  to  renal 
tissue.  Get  medical  attention  immediately. 

4.  Inhalation:  If  large  amounts  of  cadmium 
are  inhaled,  the  exposed  person  must  be 
moved  to  fresh  air  at  once.  If  breathing  has 
stopped,  perform  cardiopulmonary 
resuscitation.  Administer  oxygen  if  available. 
Keep  the  affected  person  warm  and  at  rest. 
Get  medical  attention  immediately. 

5.  Rescue:  Move  the  affected  person  from 
the  hazardous  exposure.  If  the  exposed 
person  has  been  overcome,  attempt  rescue 
only  after  notifying  at  least  one  other  person 
of  the  emergency  and  putting  into  effect 
established  emergency  procedures.  Do  not 
become  a  casualty  yourself.  Understand  your 
emergency  rescue  procedures  and  know  the 
location  of  the  emergency  equipment  before 
the  need  arises. 

III.  Employee  Information 

A.  Protective  Clothing  and  Equipment. 

1.  Respirators:  You  may  be  required  to 
wear  a  respirator  for  non-routine  activities;  in 
emergencies;  while  your  employer  is  in  the 
process  of  reducing  cadmium  exposures 
through  engineering  controls;  and  where 
engineering  controls  are  not  feasible.  If 
respirators  are  worn  in  the  future,  they  must 
have  a  joint  Mine  Safety  and  Health 
Administration  (MSHA)  and  National 
Institute  for  Occupational  Safety  and  Health 
(NIOSH)  label  of  approval.  Cadmium  does 
not  have  a  detectable  odor  except  at  levels 
well  above  the  permissible  exposure  limits.  If 
you  can  smell  cadmium  while  wearing  a 
respirator,  proceed  immediately  to  fresh  air. 

If  you  experience  difficulty  breathing  while 
wearing  a  respirator,  tell  your  employer. 

2.  Protective  Clothing;  You  may  be  required 
to  wear  impermeable  clothing,  gloves,  foot 
gear,  a  face  shield,  or  other  appropriate 
protective  clothing  to  prevent  skin  contact 
with  cadmium.  Where  protective  clothing  is 
required,  your  employer  must  provide  clean 
garments  to  you  as  necessary  to  assure  that 
the  clothing  protects  you  adequately.  The 
employer  must  replace  or  repair  protective 
clothing  that  has  become  tom  or  otherwise 
damaged. 

3.  Eye  Protection:  You  may  be  required  to 
wear  splash-proof  or  dust  resistant  goggles  to 
prevent  eye  contact  with  cadmium. 

B.  Employer  Requirements. 

1.  Medical:  If  you  are  exposed  to  cadmium 
at  or  above  the  action  level,  your  employer  is 
required  to  provide  a  medical  examination, 
laboratory  tests  and  a  medical  history 
according  to  the  medical  surveillance 
provisions  under  paragraph  (1)  of  this 
standard.  (See  summary  chart  and  tables  in 
this  appendix  A.)  These  tests  shall  be 
provided  without  cost  to  you.  In  addition,  if 
you  are  accidentally  exposed  to  cadmium 
under  conditions  known  or  suspected  to 
constitute  toxic  exposure  to  cadmium,  your 
employer  is  required  to  make  special  tests 
available  to  you. 

2.  Access  to  Records:  All  medical  records 
are  kept  strictly  confidential.  You  or  your 
representative  are  entitled  to  see  the  records 


of  measurements  of  your  exposure  to 
cadmium.  Your  medical  examination  records 
can  be  furnished  to  your  personal  physician 
or  designated  representative  upon  request  by 
you  to  your  employer. 

3.  Observation  of  Monitoring:  Your 
employer  is  required  to  perform 
measurements  that  are  representative  of  your 
exposure  to  cadmium  and  you  or  your 
designated  representative  are  entitled  to 
observe  the  monitoring  procedure.  You  are 
entitled  to  observe  the  steps  taken  in  the 
measurement  procedure,  and  to  record  the 
results  obtained.  When  the  monitoring 
procedure  is  taking  place  in  an  area  where 
respirators  or  personal  protective  clothing 
and  equipment  are  required  to  be  worn,  you 
or  your  representative  must  also  be  provided 
with,  and  must  wear  the  protective  clothing 
and  equipment. 

C.  Employee  Requirements. — You  will  not 
be  able  to  smoke,  eat,  drink,  chew  gum  or 
tobacco,  or  apply  cosmetics  while  working 
with  cadmium  in  regulated  areas.  You  will 
also  not  be  able  to  carry  or  store  tobacco 
products,  gum,  food,  drinks  or  cosmetics  in 
regulated  areas  because  these  products  easily 
become  contaminated  with  cadmium  from  the 
workplace  and  can  therefore  create  another 
source  unnecessary  of  cadmium  exposure. 

Some  workers  will  have  to  change  out  of 
work  clothes  and  shower  at  the  end  of  the 
day,  as  part  of  their  workday,  in  order  to 
wash  cadmium  from  skin  and  hair. 
Handwashing  and  cadmium-free  eating 
facilities  shall  be  provided  by  the  employer 
and  proper  hygiene  should  always  be 
performed  before  eating.  It  is  also 
recommended  that  you  do  not  smoke  or  use 
tobacco  products,  because  among  other 
things,  they  naturally  contain  cadmium.  For 
further  information,  read  the  labeling  on  such 
products. 

IV.  Physician  Information 

A.  Introduction. — The  medical  surveillance 
provisions  of  paragraph  (1)  generally  are 
aimed  at  accomplishing  three  main 
interrelated  purposes:  First,  identifying 
employees  at  higher  risk  of  adverse  health 
effects  from  excess,  chronic  exposure  to 
cadmium:  second,  preventing  cadmium- 
induced  disease;  and  third,  detecting  and 
minimizing  existing  cadmium-induced 
disease.  The  core  of  medical  surveillance  in 
this  standard  is  the  early  and  periodic 
monitoring  of  the  employee’s  biological 
indicators  of;  (a)  Recent  exposure  to 
cadmium;  (b)  cadmium  body  burden;  and  (c) 
potential  and  actual  kidney  damage 
associated  with  exposure  to  cadmium. 

The  main  adverse  health  effects  associated 
with  cadmium  overexposure  are  lung  cancer 
and  kidney  dysfunction.  It  is  not  yet  known 
how  to  adequately  biologically  monitor 
human  beings  to  specifically  prevent 
cadmium-induced  lung  cancer.  By  contrast, 
the  kidney  can  be  monitored  to  provide 
prevention  and  early  detection  of  cadmium- 
induced  kidney  damage.  Since,  for  non- 
carcinogenic  effects,  the  kidney  is  considered 
the  primary  target  organ  of  chronic  exposure 
to  cadmium,  the  medical  surveillance 
provisions  of  this  standard  effectively  focus 
on  cadmium-induced  kidney  disease.  Within 
that  focus,  the  aim,  where  possible,  is  to 
prevent  the  onset  of  such  disease  and,  where 


necessary,  to  minimize  such  disease  as  may 
already  exist.  The  by-products  of  successful 
prevention  of  kidney. disease  are  anticipated 
to  be  the  reduction  and  prevention  of  other 
cadmium-induced  diseases. 

B.  Health  Effects. — The  major  health 
effects  associated  with  cadmium 
overexposure  are  described  below. 

1.  Kidney:  The  most  prevalent  non- 
malignant  disease  observed  among  workers 
chronically  exposed  to  cadmium  is  kidney 
dysfunction.  Initially,  such  dysfunction  is 
manifested  as  proteinuria.  The  proteinuria 
associated  with  cadmium  exposure  is  most 
commonly  characterized  by  excretion  of  low- 
molecular  weight  proteins  (15,000  to  40,000 
MW)  accompanied  by  loss  of  electrolytes, 
uric  acid,  calcium,  amino  acids,  and 
phosphate.  The  compounds  commonly 
excreted  include;  beta-2-microglobulin  (£*- 
M),  retinol  binding  protein  (RBP), 
immunoglobulin  light  chains,  and  lysozyme. 
Excretion  of  low  molecular  weight  proteins 
are  characteristic  of  damage  to  the  proximal 
tubules  of  the  kidney  (Iwao  et  al.,  1980). 

It  has  also  been  observed  that  exposure  to 
cadmium  may  lead  to  urinary  excretion  of 
high-molecular  weight  proteins  such  as 
albumin,  immunoglobulin  G,  and 
glycoproteins  (Ex.  29).  Excretion  of  high- 
molecular  weight  proteins  is  typically 
indicative  of  damage  to  the  glomeruli  of  the 
kidney.  Bernard  et  al.,  (1979)  suggest  that 
damage  to  the  glomeruli  and  damage  to  the 
proximal  tubules  of  the  kidney  may  both  be 
linked  to  cadmium  exposure  but  they  may 
occur  independently  of  each  other. 

Several  studies  indicate  that  the  onset  of 
low-molecular  weight  proteinuria  is  a  sign  of 
irreversible  kidney  damage  (Friberg  et  al., 
1974;  Roels  et  al.,  1982;  Piscator  1984;  Elinder 
et  al.,  1985;  Smith  et  al.,  1986).  Above  specific 
levels  of  /3i-M  associated  with  cadmium 
exposure  it  is  unlikely  that  /32-M  levels  return 
to  normal  even  when  cadmium  exposure  is 
eliminated  by  removal  of  the  individual  from 
the  cadmium  work  environment  (Friberg,  Ex. 
29, 1990). 

Some  studies  indicate  that  such  proteinuria 
may  be  progressive;  levels  of  /32-M  observed 
in  the  urine  increase  with  time  even  after 
cadmium  exposure  has  ceased.  See,  for 
example,  Elinder  et  al.,  1985.  Such 
observations,  however,  are  not  universal,  and 
it  has  been  suggested  that  studies  in  which 
proteinuria  has  not  been  observed  to  progress 
may  not  have  tracked  patients  for  a 
sufficiently  long  time  interval  (lamp,  Ex.  8- 
661). 

When  cadmium  exposure  continues  after 
the  onset  of  proteinuria,  chronic 
nephrotoxicity  may  occur  (Friberg,  Ex.  29). 
Uremia  results  from  the  inability  of  the 
glomerulus  to  adequately  filter  blood.  This 
leads  to  severe  disturbance  of  electrolyte 
concentrations  and  may  lead  to  various 
clinical  complications  including  kidney 
stones  (L-140-50). 

After  prolonged  exposure  to  cadmium, 
glomerular  proteinuria,  glucosuria, 
aminoaciduria,  phosphaturia,  and 
hypercalciuria  may  develop  (Exs.  8-86,  4-28. 
14-18).  Phosphate,  calcium,  glucose,  and 
amino  acids  are  essential  to  life,  and  under 
normal  conditions,  their  excretion  should  be 
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regulated  by  the  kidney.  Once  low  molecular 
weight  proteinuria  has  developed,  these 
elements  dissipate  from  the  human  body. 

Loss  of  glomerular  function  may  also  occur, 
manifested  by  decreased  glomerular  filtration 
rate  and  increased  serum  creatinine.  Severe 
cadmium-induced  renal  damage  may 
eventually  develop  into  chronic  renal  failure 
and  uremia  (Ex.  55). 

Studies  in  which  animals  are  chronically 
exposed  to  cadmium  confirm  the  renal  effects 
observed  in  humans  (Friberg  et  al .,  1986). 
Animal  studies  also  confirm  problems  with 
calcium  metabolism  and  related  skeletal 
effects  which  have  been  observed  among 
humans  exposed  to  cadmium  in  addition  to 
the  renal  effects.  Other  effects  commonly 
reported  in  chronic  animal  studies  include 
anemia,  changes  in  liver  morphology, 
immunosuppression  and  hypertension.  Some 
of  these  effects  may  be  associated  with  co¬ 
factors.  Hypertension,  for  example,  appears 
to  be  associated  with  diet  as  well  as 
cadmium  exposure.  Animals  injected  with 
cadmium  have  also  shown  testicular  necrosis 
(Ex.  8-86B). 

2.  Biological  Markers 
It  is  universally  recognized  that  the  best 
measures  of  cadmium  exposures  and  its 
effects  are  measurements  of  cadmium  in 
biological  fluids,  especially  urine  and  blood. 
Of  the  two,  CdU  is  conventionally  used  to 
determine  body  burden  of  cadmium  in 
workers  without  kidney  disease.  CdB  is 
conventionally  used  to  monitor  for  recent 
exposure  to  cadmium.  In  addition,  levels  of 
CdU  and  CdB  historically  have  been  used  to 
predict  the  percent  of  the  population  likely  to 
develop  kidney  disease  (Thun  et  al.,  Ex.  L- 
140-50;  WHO.  Ex.  8-674;  ACG1H,  Exs.  8-667, 
140-50). 

The  third  biological  parameter  upon  which 
OSHA  relies  for  medical  surveillance  is  Beta- 
2-microglobulin  in  urine  (/k-M),  a  low 
molecular  weight  protein.  Excess  /32-M  has 
been  widely  accepted  by  physicians  and 
scientists  as  a  reliable  indicator  of  functional 
damage  to  the  proximal  tubule  of  the  kidney 
(Exs.  8-447, 144-3-C,  4-47,  L-140-45, 19^13- 
A). 

Excess  /32-M  is  found  when  the  proximal 
tubules  can  no  longer  reabsorb  this  protein  in 
a  normal  manner.  This  failure  of  the  proximal 
tubules  is  an  early  stage  of  a  kind  of  kidney 
disease  that  commonly  occurs  among 
workers  with  excessive  cadmium  exposure. 
Used  in  conjunction  with  biological  test 
results  indicating  abnormal  levels  of  CdU  and 
CdB,  the  finding  of  excess  /32-M  can  establish 
for  an  examining  physician  that  any  existing 
kidney  disease  is  probably  cadmium-related 
(Trs.  6/8/90,  pp.  82-86, 122, 134).  The  upper 
limits  of  normal  levels  for  cadmium  in  urine 
and  cadmium  in  blood  are  3  pg  Cd/gram 
creatinine  in  urine  and  5  pgCd/liter  whole 
blood,  respectively.  These  levels  were 
derived  from  broad-based  population  studies. 

Three  issues  confront  the  physicians  in  the 
use  of  /32-M  as  a  marker  of  kidney 
dysfunction  and  material  impairment.  First, 
there  are  a  few  other  causes  of  elevated 
levels  of  /32-M  not  related  to  cadmium 
exposures,  some  of  which  may  be  rather 
common  diseases  and  some  of  which  are 
serious  diseases  (e.g.,  myeloma  or  transient 
flu,  Exs.  29  and  8-086).  These  can  be 


medically  evaluated  as  alternative  causes 
(Friberg.  Ex.  29).  Also,  there  are  other  factors 
that  can  cause  /32-M  to  degrade  so  that  low 
levels  would  result  in  workers  with  tubular 
dysfunctjpn.  For  example,  regarding  the 
degradation  of  /32-M,  workers  with  acidic 
urine  (pH<6)  might  have  /32-M  levels  that  are 
within  the  “normal”  range  when  in  fact 
kidney  dysfunction  has  occurred  (Ex.  L-140- 
1)  and  the  low  molecular  weight  proteins  are 
degraded  in  acid  urine.  Thus,  it  is  very 
important  that  the  pH  of  urine  be  measured, 
that  urine  samples  be  buffered  as  necessary 
(See  appendix  F.),  and  that  urine  samples  be 
handled  correctly,  i.e.,  measure  the  pH  of 
freshly  voided  urine  samples,  then  if 
necessary,  buffer  to  pH  >6  (or  above  for 
shipping  purposes),  measure  pH  again  and 
then,  perhaps,  freeze  the  sample  for  storage 
and  shipping.  (See  also  appendix  F.)  Second, 
there  is  debate  over  the  pathological 
significance  of  proteinuria,  however,  most 
world  experts  believe  that  /32-M  levels 
greater  than  300  /ig/g  Cr  are  abnormal 
(Elinder,  Ex.  55,  Friberg,  Ex.  29).  Such  levels 
signify  kidney  dysfunction  that  constitutes 
material  impairment  of  health.  Finally, 
detection  of  /32-M  at  low  levels  has  often 
been  considered  difficult,  however,  many 
laboratories  have  the  capability  of  detecting 
excess  /32-M  using  simple  kits,  such  as  the 
Phadebas  Delphia  test,  that  are  accurate  to 
levels  of  100  /ig  /32-M/g  Cr  U  (Ex.  L-140-1). 

Specific  recommendations  for  ways  to 
measure  /32-M  and  proper  handling  of  urine 
samples  to  prevent  degradation  of  /32-M  have 
been  addressed  by  OSHA  in  appendix  F,  in 
the  section  on  laboratory  standardization.  All 
biological  samples  must  be  analyzed  in  a 
laboratory  that  is  proficient  in  the  analysis  of 
that  particular  analyte,  under  paragraph 
(l)(l)(iv).  (See  appendix  F).  Specifically,  under 
paragraph  (l)(l)(iv),  the  employer  is  to  assure 
that  the  collecting  and  handling  of  biological 
samples  of  cadmium  in  urine  (CdU),  cadmium 
in  blood  (CdB),  and  beta-2  microglobulin  in 
urine  (/32-M)  taken  from  employees  is 
collected  in  a  manner  that  assures  reliability. 
The  employer  must  also  assure  that  analysis 
of  biological  samples  of  cadmium  in  urine 
(CdU),  cadmium  in  blood  (CdB),  and  beta-2 
microglobulin  in  urine  (/32-M)  taken  from 
employees  is  performed  in  laboratories  with 
demonstrated  proficiency  for  that  particular 
analyte.  (See  appendix  F.) 

3.  Lung  and  Prostate  Cancer 

The  primary  sites  for  cadmium-associated 
cancer  appear  to  be  the  lung  and  the  prostate 
(L-140-50).  Evidence  for  an  association 
between  cancer  and  cadmium  exposure 
derives  from  both  epidemiological  studies 
and  animal  experiments.  Mortality  from 
prostate  cancer  associated  with  cadmium  is 
slightly  elevated  in  several  industrial  cohorts, 
but  the  number  of  cases  is  small  and  there  is 
not  clear  dose-response  relationship.  More 
substantive  evidence  exists  for  lung  cancer. 

The  major  epidemiological  study  of  lung 
cancer  was  conducted  by  Thun  et  al.,  (Ex.  4- 
68).  Adequate  data  on  cadmium  exposures 
were  available  to  allow  evaluation  of  dose- 
response  relationships  between  cadmium 
exposure  and  lung  cancer.  A  statistically 
significant  excess  of  lung  cancer  attributed  to 
cadmium  exposure  was  observed  in  this 
study  even  when  confounding  variables  such 


as  co-exposure  to  arsenic  and  smoking  habits 
were  taken  into  consideration  (Ex.  L-140-50). 

The  primary  evidence  for  quantifying  a  link 
between  lung  cancer  and  cadmium  exposure 
from  animal  studies  derives  from  two  rat 
bioassay  studies;  one  by  Takenaka  et  al., 
(1983),  which  is  a  study  of  cadmium  chloride 
and  a  second  study  by  Oldiges  and  Glaser 
(1990)  of  four  cadmium  compounds. 

Based  on  the  above  cited  studies,  the  U.S. 
Environmental  Protection  Agency  (EPA) 
classified  cadmium  as  “Bl“,  a  probable 
human  carcinogen,  in  1985  (Ex.  4-4).  The 
International  Agency  for  Research  on  Cancer 
(IARC)  in  1987  also  recommended  that 
cadmium  be  listed  as  “2A”,  a  probable 
human  carcinogen  (Ex.  4-15).  The  American 
Conference  of  Governmental  Industrial 
Hygienists  (ACGIH)  has  recently 
recommended  that  cadmium  be  labeled  as  a 
carcinogen.  Since  1984,  N10SH  has  concluded 
that  cadmium  is  possibly  a  human  carcinogen 
and  has  recommended  that  exposures  be 
controlled  to  the  lowest  level  feasible. 

4.  Non-carcinogenic  Effects 

Acute  pneumonitis  occurs  10  to  24  hours 
after  initial  acute  inhalation  of  high  levels  of 
cadmium  fumes  with  symptoms  such  as  fever 
and  chest  pain  (Exs.  30, 8-86B).  In  extreme 
exposure  cases  pulmonary  edema  may 
develop  and  cause  death  several  days  after 
exposure.  Little  actual  exposure 
measurement  data  is  available  on  the  level  of 
airborne  cadmium  exposure  that  causes  such 
immediate  adverse  lung  effects,  nonetheless, 
it  is  reasonable  to  believe  a  cadmium 
concentration  of  approximately  1  mg/m3  over 
an  eight  hour  period  is  "immediately 
dangerous"  (55  FR  4052,  ANSI;  Ex.  8-86B). 

In  addition  to  acute  lung  effects  and 
chronic  renal  effects,  long  term  exposure  to 
cadmium  may  cause  other  severe  effects  on 
the  respiratory  system.  Reduced  pulmonary 
function  and  chronic  lung  disease  indicative 
of  emphysema  have  been  observed  in 
workers  who  have  had  prolonged  exposure  to 
cadmium  dust  or  fumes  (Exs.  4-29, 4-22,  4-42, 
4-50,  4-63).  In  a  study  of  workers  conducted 
by  Kazantzis  et  al.,  a  statistically  significant 
excess  of  worker  deaths  due  to  chronic 
bronchitis  was  found,  which  in  his  opinion 
was  directly  related  to  high  cadmium 
exposures  of  1  mg/m3  or  more  (Tr.  6/8/90,  pp. 
156-157). 

Cadmium  need  not  be  respirable  to 
constitute  a  hazard.  Inspirable  cadmium 
particles  that  are  too  large  to  be  respirable 
but  small  enough  to  enter  the 
tracheobronchial  region  of  the  lung  can  lead 
to  bronchoconstriction,  chronic  pulmonary 
disease,  and  cancer  of  that  portion  of  the 
lung.  All  of  these  diseases  have  been 
associated  with  occupational  exposure  to 
cadmium  (Ex.  8-66B).  Particles  that  are 
constrained  by  their  size  to  the  extra-thoracic 
regions  of  the  respiratory  system  such  as  the 
nose  and  maxillary  sinuses  can  be  swallowed 
through  mucociliary  clearance  and  be 
absorbed  into  the  body  (ACGIH,  Ex.  8-692). 
The  impaction  of  these  particles  in  the  upper 
airways  can  lead  to  anosmia,  or  loss  of  sense 
of  smell,  which  is  an  early  indication  of 
overexposure  among  workers  exposed  to 
heavy  metals.  This  condition  is  commonly 
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reported  among  cadmium-exposed  workers 
(Ex.  8-86-B). 

C.  Medical  Surveillance 

In  general,  the  main  provisions  of  the 
medical  surveillance  section  of  the  standard, 
under  paragraphs  (1)(1)— (17)  of  the  regulatory 
text,  are  as  follows: 

1.  Workers  exposed  above  the  action  level 
are  covered: 

2.  Workers  with  intermittent  exposures  are 
not  covered: 

3.  Past  workers  who  are  covered  receive 
biological  monitoring  for  at  least  one  yean 

4.  Initial  examinations  include  a  medical 
questionnaire  and  biological  monitoring  of 
cadmium  in  blood  (CdB),  cadmium  in  urine 
(CdU),  and  Beta-2-microglobulin  in  urine  (/32- 
M): 

5.  Biological  monitoring  of  these  three 
analytes  is  performed  at  least  annually;  full 
medical  examinations  are  performed 
biennially; 

6.  Until  five  years  from  the  effective  date  of 
the  standard,  medical  removal  is  required 
when  CdU  is  greater  than  15  p.g/gram 
creatinine  (g  Cr),  or  CdB  is  greater  than  15 
pg/liter  whole  blood  (lwb),  or  /32-M  is  greater 
than  1500  pg/g  Cr,  and  CdB  is  greater  than  5 
pg/lwb  or  CdU  is  greater  than  3  pg/g  Cr, 

7.  Beginning  five  years  after  the  standard  is 
in  effect,  medical  removal  triggers  will  be 
reduced; 

8.  Medical  removal  protection  benefits  are 
to  be  provided  for  up  to  18  months; 

9.  Limited  initial  medical  examinations  are 
required  for  respirator  usage; 

10.  Major  provisions  are  fully  described 
under  section  (1)  of  the  regulatory  text;  they 
are  outlined  here  as  follows: 


A.  Eligibility 

B.  Biological  monitoring 

C.  Actions  triggered  by  levels  of  CdU,  CdB. 
and  /32-M  (See  Summary  Charts  and 
Tables  in  Attachment-1.) 

D.  Periodic  medical  surveillance 

E.  Actions  triggered  by  periodic  medical 
surveillance  (See  appendix  A  Summary 
Chart  and  Tables  in  Attachment-1.) 

F.  Respirator  usage 

G.  Emergency  medical  examinations 

H.  Termination  examination 

I.  Information  to  physician 

J.  Physician's  medical  opinion 

K.  Medical  removal  protection 

L.  Medical  removal  protection  benefits 

M.  Multiple  physician  review 

N.  Alternate  physician  review 

O.  Information  employer  gives  to  employee 

P.  Recordkeeping 

Q.  Reporting  on  OSHA  form  200 

11.  The  above  mentioned  summary  of  the 
medical  surveillance  provisions,  the  summary 
chart,  and  tables  for  the  actions  triggered  at 
different  levels  of  CdU,  CdB  and  /32-M  (in 
appendix  A  Attachment-1)  are  included  only 
for  the  purpose  of  facilitating  understanding 
of  the  provisions  of  paragraphs  (1){3)  of  the 
final  cadmium  standard.  The  summary  of  the 
provisions,  the  summary  chart,  and  the  tables 
do  not  add  to  or  reduce  the  requirements  in 
paragraph  (1)(3). 

D.  Recommendations  to  Physicians 

1.  It  is  strongly  recommended  that  patients 
with  tubular  proteinuria  are  counseled  on: 
The  hazards  of  smoking;  avoidance  of 
nephrotoxins  and  certain  prescriptions  and 
over-the-counter  medications  that  may 
exacerbate  kidney  symptoms;  how  to  control 


diabetes  and/or  blood  pressure;  proper 
hydration,  diet,  and  exercise  (Ex.  19-2).  A  list 
of  prominent  or  common  nephrotoxins  is 
attached.  (See  appendix  A  Attachment-2.) 

2.  DO  NOT  CHELATE;  KNOW  WHICH 
DRUGS  ARE  NEPHROTOXINS  OR  ARE 
ASSOCIATED  WITH  NEPHRITIS. 

3.  The  gravity  of  cadmium-induced  renal 
damage  is  compounded  by  the  fact  there  is  no 
medical  treatment  to  prevent  or  reduce  the 
accumulation  of  cadmium  in  the  kidney  (Ex. 
8-619).  Dr.  Friberg,  a  leading  world  expert  on 
cadmium  toxicity,  indicated  in  1992,  that 
there  is  no  form  of  chelating  agent  that  could 
be  used  without  substantial  risk.  He  stated 
that  tubular  proteinuria  has  to  be  treated  in 
the  same  way  as  other  kidney  disorders  (Ex. 
29). 

4.  After  the  results  of  a  workers’  biological 
monitoring  or  medical  examination  are 
received  the  employer  is  required  to  provide 
an  information  sheet  to  the  patient,  briefly 
explaining  the  significance  of  the  results.  (See , 
Attachment  3  of  this  appendix  A.) 

5.  For  additional  information  the  physician 
is  referred  to  the  following  additional 
resources: 

a.  The  physician  can  always  obtain  a  copy 
of  the  preamble,  with  its  full  discussion  of  the 
health  effects,  from  OSHA's  Computerized 
Information  System  (OCIS). 

b.  The  Docket  Officer  maintains  a  record  of 
the  rulemaking.  The  Cadmium  Docket  (H- 
057A).  is  located  at  200  Constitution  Ave. 

NW„  room  N-2625,  Washington,  DC  20210; 
telephone:  202-523-7894. 

c.  The  following  articles  and  exhibits  in 
particular  from  that  docket  (H-057A): 


Exhibit 

number 


Author  and  paper  title 


8-447. 

4-67.. 

4-68 

4-25 

4-26. 


Lauwerys  et.  a/..  Guide  for  physicians,  “Health  Maintenance  of  Workers  Exposed  to  Cadmium,"  published  by  the  Cadmium  Council. 

Takenaka,  S.,  H.  Oldiges,  H.  Konig,  D.  Hochrainer,  G.  Oberdorster.  "Carcinogenicity  of  Cadmium  Chloride  Aerosols  in  Wistar  Rats”.  JNCI  70:367-373, 
1983.  (32) 

Thun,  M.J.,  T.M.  Schnoor,  A.B.  Smith,  W.E.  Halperin,  R.A.  Lemen.  “Mortality  Among  a  Cohort  of  U.S.  Cadmium  Production  Workers — An  Update." 
JNO  74(2):325-33,  1985.  (8) 

Elinder.  C.G.,  Kjellstrom,  T.,  Hogstedt,  C.,  et  a/.,  "Cancer  Mortality  of  Cadmium  Workers.”  Brit  J.  Ind  Med.  42:651-655,  1985.  (14) 

EHis,  K.J.  et  at..  “Critical  Concentrations  of  Cadmium  in  Human  Renal  Cortex:  Dose  Effect  Studies  to  Cadmium  Smelter  Workers."  J.  Toxicol.  Environ. 
Health  7:691-703,  1981.  (76) 


4-27 


Ellis,  KJ.,  S.H.  Cohn  and  TJ.  Smith.  “Cadmium  Inhalation  Exposure  Estimates:  Their  Significance  with  Respect  to  Kidney  and  Liver  Cadmium 
Burden.”  J.  Toxicol.  Environ.  Health  15:173-187, 1985. 


4-28 . 

8-86A . 

8-86B _ 

L- 140-45 .... 
L-1 40-50 .... 


Falck,  F.Y.,  Jr.,  Fine,  L.J.,  Smith,  R.G.,  McClatchey,  K.D.,  Annesley,  T.,  England,  B„  and  Schork,  A.M.  “Occupational  Cadmium  Exposure  and  Renal 
Status.”  Am.  J.  Ind.  Med.  4:541,  1983.  (64) 

Friberg,  L,  C.G.  Elinder,  et  at,  "Cadmium  and  Health  a  Toxicological  and  Epidemiological  Appraisal,  Volume  I.  Exposure,  Dose,  and  Metabolism." 

CRC  Press,  Inc.,  Boca  Raton,  FL,  1986.  (Available  from  the  OSHA  Technical  Data  Center) 

Friberg.  L,  C.G.  Elinder,  et  at,  "Cadmium  and  Health:  A  Toxicological  and  Epidemiological  Appraisal,  Volume  II,  Effects  and  Response."  CRC  Press, 
Inc.,  Boca  Raton,  FL,  1986.  (Available  from  the  OSHA  Technical  Data  Center) 

Elinder,  C.G.,  “Cancer  Mortality  of  Cadmium  Workers”,  Brit.  J.  Ind.  Med.,  42,  651-655,  1985. 

Thun,  M.,  Elinder,  C.G.,  Friberg,  L,  "Scientific  Basis  for  an  Occupational  Standard  for  Cadmium,  Am.  J.  Ind  Med.,  20;  629-642,  1991. 


V.  Information  Sheet 
The  information  sheet  (appendix  A 
Attachment-3.)  or  an  equally  explanatory  one 
should  be  provided  to  you  after  any 
biological  monitoring  results  are  reviewed  by 
the  physician,  or  where  applicable,  after  any 
medical  examination. 


APPENDIX  A 

Attachment  1 — Appendix  A  Summary  Chart 
and  Tables  A  and  B  of  Actions  Triggered  by 
Biological  Monitoring 

Appendix  A  Summary  Chart:  Section  (1)(3) 
Medical  Surveillance 

Categorizing  Biological  Monitoring  Results 
(A)  Biological  monitoring  results  categories 
are  set  forth  in  Appendix  A  Table  A  for  the 
periods  ending  December  31, 1998  and  for  the 
period  beginning  January  1, 1999. 


(B)  The  results  of  the  biological  monitoring 
for  the  initial  medical  exam  and  the 
subsequent  exams  shall  determine  an 
employee’s  biological  monitoring  result 
category. 

Actions  Triggered  by  Biological  Monitoring 
(A) 

(i)  The  actions  triggered  by  biological 
monitoring  for  an  employee  are  set  forth  in 
Appendix  A  Table  B. 

(ii)  The  biological  monitoring  results  for 
each  employee  under  section  (1)(3)  shall 
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determine  the  actions  required  for  that 
employee.  That  is,  for  any  employee  in 
biological  monitoring  category  C,  the 
employer  will  perform  all  of  the  actions  for 
which  there  is  an  X  in  column  C  of  Appendix 
A  Table  B. 

(iii)  An  employee  is  assigned  the 
alphabetical  category  ("A”  being  the  lowest) 
depending  upon  the  test  results  of  the  three 
biological  markers. 

(iv)  An  employee  is  assigned  category  A  if 
monitoring  results  for  all  three  biological 


markers  fall  at  or  below  the  levels  indicated 
in  the  table  listed  for  category  A. 

(v)  An  employee  is  assigned  category  B  if 
any  monitoring  result  for  any  of  the  three 
biological  markers  fall  within  the  range  of 
levels  indicated  in  the  table  listed  for 
category  B,  providing  no  result  exceeds  the 
levels  listed  for  category  B. 

(vi)  An  employee  is  assigned  category  C  if 
any  monitoring  result  for  any  of  the  three 
biological  markers  are  above  the  levels  listed 
for  category  C. 


(B)  The  user  of  Appendix  A  Tables  A  and  B 
should  know  that  these  tables  are  provided 
only  to  facilitate  understanding  of  the 
relevant  provisions  of  paragraph  (1M3)  of  this 
section.  Appendix  A  Tables  A  and  B  are  not 
meant  to  add  to  or  subtract  from  the 
requirements  of  those  provisions. 

Appendix  A  Table  A 

Categorization  of  Biological  Monitoring 
Results 


Applicable  Through  1 998  Only 


Biological  marker 

Monitoring  result  categories 

B 

C 

>3  and  ^15 
>300  and  <1500 
>5  and  <15 

>15 

>1500* 

>15 

*  If  an  employee's  /9r-M  levels  are  above  1,500  jig/g  creatinine,  in  order  for  mandatory  medical  removal  to  be  required  (See  Appendix  A  Table  B.),  either  the 
employee's  CdU  level  must  also  be  >3  fig/g  creatinine  or  CdB  level  must  also  be  >5  ng/Hter  whole  blood. 


Applicable  Beginning  January  1, 1999 


Biological  marker 

Monitoring  result  categories 

A 

B 

C 

S3 

<300 

S5 

>3  and  $7 
>300  and  <750 
>5  and  £10 

>7 

>750* 

>10 

*  If  an  employee’s  0*-M  levels  are  above  750  ug/g  creatinine,  in  order  tor  mandatory  medical  removal  to  be  required  (See  Appendix  A  Table  B  ).  either  the 
employee's  CdU  level  must  also  be  >3  nQ/g  creatirune  or  CdB  level  must  also  be  >5  jtg/ liter  whole  blood. 


Appendix  A  Table  B — Actions 
Determined  by  Biological  Monitoring 

This  table  presents  the  actions 
required  based  on  the  monitoring  result 


in  Appendix  A  Table  A.  Each  item  is  a 
separate  requirement  in  citing  non- 
compliance.  For  example,  a  medical 
examination  within  90  days  for  an 


employee  in  category  B  is  separate  from 
the  requirement  to  administer  a  periodic 
medical  examination  for  category  B 
employees  on  an  annual  basis. 


Required  actions 

Monitoring  result  category 

> 

B* 

c* 

(1)  Biological  monitoring: 

(a)  Annual . .  . . .  . . . . . . . -  — 

X 

X 

X 

(2)  Medical  examination: 

X 

X 

X 

X 

X 

(3)  Assess  within  two  weeks: 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X* 

1  For  aH  employees  covered  by  medical  surveillance  exclusively  because  ol  exposures  prior  to  the  effective  date  of  this  standard,  if  they  are  in  Category  A  the 
employer  shall  follow  the  requirements  of  paragraphs  (l)(3)(i)(B)  and  (l)(4)(v)(A).  If  they  are  in  Category  B  or  C,  the  employer  shall  follow  the  requirements  of 
paragraphs  (IM4)(vXBHC). 

*  See  footnote  Appendix  A  Table  A 
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Appendix  A — Attachment-2:  List  of 
Medications 

A  list  of  the  more  common  medications 
that  a  physician,  and  the  employee,  may  wish 
to  review  is  likely  to  include  some  of  the 
following:  (1)  Anticonvulsants: 
Paramethadione,  phenytoin,  trimethadone:  (2) 
antihypertensive  drugs:  Captopril, 
methyldopa;  (3)  antimicrobials: 
Aminoglycosides,  amphotericin  B. 
cephalosporins,  ethambutol;  (4) 
antineoplastic  agents:  Cisplatin, 
methotrexate,  mitomycin-C,  nitrosoureas, 
radiation;  (4)  sulfonamide  diuretics: 
Acetazolamide,  chlorthalidone,  furosemide. 
thiazides;  (5)  halogenated  alkanes, 
hydrocarbons,  and  solvents  that  may  occur  in 
some  settings:  Carbon  tetrachloride,  ethylene 
glycol,  toluene;  iodinated  radiographic 
contrast  media;  nonsteroidal  anti¬ 
inflammatory  drugs;  and,  (7)  other 
miscellaneous  compounds:  Acetominophen. 
allopurinol,  amphetamines,  azathioprine. 
cimetidine,  cyclosporine,  lithium, 
methoxyflurane,  methysergide,  D- 
penicillamine,  phenacetin,  phenendione.  A 
list  of  drugs  associated  with  acute  interstitial 
nephritis  includes:  (1)  Antimicrobial  drugs: 
Cephalosporins,  chloramphenicol,  colistin, 
erythromycin,  ethambutol,  isoniazid,  para- 
aminosalicylic  acid,  penicillins,  polymyxin  B. 
rifampin,  sulfonamides,  tetracyclines,  and 
vancomycin;  (2)  other  miscellaneous  drugs: 
Allopurinol,  antipyrene,  azathioprine, 
captopril,  cimetidine,  clofibrate,  methyldopa, 
phenindione,  phenylpropanolamine, 
phenytoin,  probenecid,  sulfinpyrazone, 
sulfonamid  diuretics,  triamterene;  and,  (3) 
metals:  Bismuth,  gold. 

This  list  have  been  derived  from  commonly 
available  medical  textbooks  (e.g..  Ex.  14-18). 
The  list  has  been  included  merely  to  facilitate 
the  physician's,  employer's,  and  employee's 
understanding.  The  list  does  not  represent  an 
official  OSHA  opinion  or  policy  regarding  the 
use  of  these  medications  for  particular 
employees.  The  use  of  such  medications 
should  be  under  physician  discretion. 

Attachment  3 — Biological  Monitoring 
and  Medical  Examination  Results 

Employee - 

Testing  Date - 

Cadmium  in  Urine _ pg/g  Cr — Normal 

Levels:  <3  pg/g  Cr. 

Cadmium  in  Blood _ pg/lwb — Normal 

Levels:  <;  5  pg/lwb. 

Beta-2-microglobulin  in  Urine _ pg/g 

Cr — Normal  Levels:  <  300  pg/g  Cr. 

Physical  Examination  Results:  N/A _ 

Satisfactory _ Unsatisfactory _ 

(see  physician  again). 

Physician's  Review  of  Pulmonary  Function 
Test  N/A _ Normal _ Abnormal 

Next  biological  monitoring  or  medical  exami¬ 
nation  scheduled  for  - 

The  biological  monitoring  program  has 
been  designed  for  three  main  purposes:  1)  to 
identify  employees  at  risk  of  adverse  health 
effects  from  excess,  chronic  exposure  to 
cadmium;  2)  to  prevent  cadmium-induced 
diseasels);  and  3)  to  detect  and  minimize 
existing  cadmium-induced  disease(s). 

The  levels  of  cadmium  in  the  urine  and 
blood  provide  an  estimate  of  the  total  amount 


of  cadmium  in  the  body.  The  amount  of  a 
specific  protein  in  the  urine  (beta-2- 
microglobulin)  indicates  changes  in  kidney 
function.  All  three  tests  must  be  evaluated 
together.  A  single  mildly  elevated  result  may 
not  be  important  if  testing  at  a  later  time 
indicates  that  the  results  are  normal  and  the 
workplace  has  been  evaluated  to  decrease 
possible  sources  of  cadmium  exposure.  The 
levels  of  cadmium  or  beta-2-microglobulin 
may  change  over  a  period  of  days  to  months 
and  the  time  needed  for  those  changes  to 
occur  is  different  for  each  worker. 

If  the  results  for  biological  monitoring  are 
above  specific  “high  levels”  [cadmium  urine 
greater  than  10  micrograms  per  gram  of 
creatinine  (pg/g  Cr),  cadmium  blood  greater 
than  10  micrograms  per  liter  of  whole  blood 
(pg/lwb),  or  beta-2-microglobulin  greater 
than  1000  micrograms  per  gram  of  creatinine 
(pg/g  Cr)],  the  worker  has  a  much  greater 
chance  of  developing  other  kidney  diseases. 

One  way  to  measure  for  kidney  function  is 
by  measuring  beta-2-microglobulin  in  the 
urine.  Beta-2-microglobulin  is  a  protein  which 
is  normally  found  in  the  blood  as  it  is  being 
filtered  in  the  kidney,  and  the  kidney 
reabsorbs  or  returns  almost  all  of  the  beta-2- 
microglobulin  to  the  blood.  A  very  small 
amount  (less  than  300  pg/g  Cr  in  the  urine)  of 
beta-2-microglobulin  is  not  reabsorbed  into 
the  blood,  but  is  released  in  the  urine.  If 
cadmium  damages  the  kidney,  the  amount  of 
beta-2-microglobulin  in  the  urine  increases 
because  the  kidney  cells  are  unable  to 
reabsorb  the  beta-2-microglobulin  normally. 
An  increase  in  the  amount  of  beta-2- 
microglobulin  in  the  urine  is  a  very  early  sign 
of  kidney  dysfunction.  A  small  increase  in 
beta-2-microglobulin  in  the  urine  will  serve  as 
an  early  warning  sign  that  the  worker  may  be 
absorbing  cadmium  from  the  air,  cigarettes 
contaminated  in  the  workplace,  or  eating  in 
areas  that  are  cadmium  contaminated. 

Even  if  cadmium  causes  permanent 
changes  in  the  kidney's  ability  to  reabsorb 
beta-2-microglobulin,  and  the  beta-2- 
microglobulin  is  above  the  “high  levels",  the 
loss  of  kidney  function  may  not  lead  to  any 
serious  health  problems.  Also,  renal  function 
naturally  declines  as  people  age.  The  risk  for 
changes  in  kidney  function  for  workers  who 
have  biological  monitoring  results  between 
the  "normal  values”  and  the  “high  levels"  is 
not  well  known.  Some  people  are  more 
cadmium-tolerant,  while  others  are  more 
cadmium-susceptible. 

For  anyone  with  even  a  slight  increase  of 
beta-2-microglobulin,  cadmium  in  the  urine, 
or  cadmium  in  the  blood,  it  is  very  Important 
to  protect  the  kidney  from  further  damage. 
Kidney  damage  can  come  from  other  sources 
than  excess  cadmium-exposure  so  it  is  also 
recommended  that  if  a  worker's  levels  are 
“high"  he/she  should  receive  counseling 
about  drinking  more  water;  avoiding 
cadmium-tainted  tobacco  and  certain 
medications  (nephrotoxins,  acetaminophen); 
controlling  diet,  vitamin  intake,  blood 
pressure  and  diabetes;  etc. 

Appendix  B  to  § _ — Substance 

Technical  Guidelines  for  Cadmium 

I.  Cadmium  Metal 

A.  Physical  and  Chemical  Data. 

1.  Substance  Identification. 


Chemical  name:  Cadmium. 

Formula:  Cd. 

Molecular  Weight:  112.4. 

Chemical  Abstracts  Service  (CAS)  Registry 
No.:  7740-43-9. 

Other  Identifiers:  RETCS  EU9800000;  EPA 
D006;  DOT  2570  53. 

Synonyms:  Colloidal  Cadmium:  Kadmium 
(German):  Cl  77180. 

2.  Physical  data. 

Boiling  point:  (760  mm  Hg):  765  degrees  C. 

Melting  point:  321  degrees  C. 

Specific  Gravity:  (H20  =  @  20  °C):  8.64. 

Solubility:  Insoluble  in  water;  soluble  in 
dilute  nitric  acid  and  in  sulfuric  acid. 

Appearance:  Soft,  blue-white,  malleable, 
lustrous  metal  or  grayish-white  powder. 

B.  Fire,  Explosion  and  Reactivity  Data. 

1.  Fire. 

Fire  and  Explosion  Hazards:  The  Finely 
divided  metal  is  pyrophoric,  that  is  the  dust  is 
a  severe  fire  hazard  and  moderate  explosion 
hazard  when  exposed  to  heat  or  flame. 

Burning  material  reacts  violently  with 
extinguishing  agents  such  as  water,  foam, 
carbon  dioxide,  and  balons. 

Flash  point:  Flammable  (dust). 

Extinguishing  media:  Dry  sand,  dry 
dolomite,  dry  graphite,  or  sodimum  chloride. 

2.  Reactivity. 

Conditions  contributing  to  instability: 

Stable  when  kept  in  sealed  containers  under 
normal  temperatures  and  pressure,  but  dust 
may  ignite  upon  contact  with  air.  Metal 
tarnishes  in  moist  air. 

Incompatibilities:  Ammonium  nitrate, 
fused:  Reacts  violently  or  explosively  with 
cadmium  dust  below  20  “C.  Hydrozoic  acid: 
Violent  explosion  occurs  after  30  minutes. 
Acids:  Reacts  violently,  forms  hydrogen  gas. 
Oxidizing  agents  or  metals:  Strong  reaction 
with  cadmium  dust.  Nitryl  fluoride  at  slightly 
elevated  temperature:  Glowing  or  white 
incandescence  occurs.  Selenium:  Reacts 
exothermically.  Ammonia:  Corrosive 
reaction.  Sulfur  dioxide:  Corrosive  reaction. 
Fire  extinguishing  agents  (water,  foam, 
carbon  dioxide,  and  halons):  Reacts  violently. 
Tellurium:  Incandescent  reaction  in  hydrogen 
atmosphere. 

Hazardous  decomposition  products:  The 
heated  metal  rapidly  forms  highly  toxic, 
brownish  fumes  of  oxides  of  cadmium. 

C.  Spill,  Leak  and  Disposal  Procedures- 

1.  Steps  to  be  taken  if  the  materials  is 

released  or  spilled.  Do  not  touch  spilled 
material.  Stop  leak  if  you  can  do  it  without 
risk.  Do  not  get  water  inside  container.  For 
large  spills,  dike  spill  for  later  disposal.  Keep 
unnecessary  people  away.  Isolate  hazard 
area  and  deny  entry.  The  Superfund 
Amendments  and  Reauthorization  Act  of 
1986  Section  304  requires  that  a  release  equal 
to  or  greater  than  the  reportable  quantity  for 
this  substance  (1  pound)  must  be  immediately 
reported  to  the  local  emergency  planning 
committee,  the  state  emergency  response 
commission,  and  the  National  Response 
Center  (800)  424-8802;  in  Washington.  DC 
metropolitan  area  (202)  426-2675- 
II.  Cadmium  Oxide 

A.  Physical  and  Chemical  Date. 

1.  Substance  identification. 

Chemical  name:  Cadmium  Oxide. 

Formula:  CdO. 
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Molecular  Weight:  12S.4. 

CAS  No.:  1306-19-0. 

Other  Identifiers:  RTECS  EV1929500. 
Synonyms:  Kadmu  tlenek  (Polish). 

2.  Physical  data. 

Boiling  point  (760  mm  Hg):  950  degrees  C 
decomposes. 

Melting  point:  1500  °C. 

Specific  Gravity:  (HaO=l@20  °C):  7.0. 
Solubility:  Insoluble  in  water,  soluble  in 
acids  and  alkalines. 

Appearance:  Red  or  brown  crystals. 

B.  Fire,  Explosion  and  Reactivity  Data. 

1.  Fire. 

Fire  and  Explosion  Hazards:  Negligible  fire 
hazard  when  exposed  to  heat  or  flame. 

Flash  point:  Nonflammable. 

Extinguishing  media:  Dry  chemical,  carbon 
dioxide,  water  spray  or  foam. 

2.  Reactivity. 

Conditions  contributing  to  instability: 

Stable  under  normal  temperatures  and 
pressures. 

Incompatibilities:  Magnesium  may  reduce 
CdOj  explosively  on  heating. 

Hazardous  decomposition  products:  Toxic 
fumes  of  cadmium. 

C.  Spill  Leak  and  Disposal  Procedures. 

1.  Steps  to  be  taken  if  the  material  is 

released  or  spilled.  Do.not  touch  spilled 
material.  Stop  leak  if  you  can  do  it  without 
risk.  For  small  spills,  take  up  with  sand  or 
other  absorbent  material  and  place  into 
containers  for  later  disposal.  For  Bmall  dry 
spills,  use  a  clean  shovel  to  place  material 
into  clean,  dry  container  and  then  cover. 

Move  containers  from  spill  area.  For  larger 
spills,  dike  far  ahead  of  spill  for  later 
disposal.  Keep  unnecessary  people  away. 
Isolate  hazard  area  and  deny  entry.  The 
Superfund  Amendments  and  Reauthorization 
Act  of  1986  Section  304  requires  that  a 
release  equal  to  or  greater  than  the 
reportable  quantity  for  this  substance  (1 
pound)  must  be  immediately  reported  to  the 
local  emergency  planning  committee,  the 
state  emergency  response  commission,  and 
the  National  Response  Center  (800)  424-8802; 
in  Washington,  DC  metropolitan  area  (202) 
426-2675. 

III.  Cadmium  Sulfide. 

A.  Physical  and  Chemical  Data. 

1.  Substance  Identification. 

Chemical  name:  Cadmium  sulfide. 

Formula:  CdS. 

Molecular  weight- 144.5. 

CAS  No.  1306-23-6. 

Other  Identifiers:  RTECS  EV 31 50000. 
Synonyms:  Aurora  yellow;  Cadmium 
Golden  366:  Cadmium  Lemon  Yellow  527; 
Cadmium  Orange;  Cadmium  Primrose  819; 
Cadmium  Sulphide;  Cadmium  Yellow; 
Cadmium  Yellow  000;  Cadmium  Yellow  Cone. 
Deep;  Cadmium  Yellow  Cone.  Golden; 
Cadmium  Yellow  Cone.  Lemon;  Cadmium 
Yellow  Cone.  Primrose;  Cadmium  Yellow  Oz. 
Dark;  Cadmium  Yellow  Primrose  47-1400; 
Cadmium  Yellow  10G  Cone.;  Cadmium 
Yellow  892;  Cadmopur  Golden  Yellow  N; 
Cadmopur  Yellow;  Capsebon;  C.I.  77199;  C.I. 
Pigment  Orange  20;  Cl  Pigment  Yeilow  37; 
Ferro  Lemon  Yellow;  Ferro  Orange  Yellow; 
Ferro  Yellow;  Greenockite;  NCI-C02711. 

2.  Physical  data. 

Boiling  point  (760  mm.  Hg):  sublines  in  N2 
at  980 'C. 


Melting  point  1750  degrees  C  (100  atm). 

Specific  Gravity:  (HjO=l@  20  °C):  4.82. 

Solubility:  Slightly  soluble  in  water;  soluble 
in  acid. 

Appearance:  Light  yellow  or  yellow-orange 
crystals. 

B.  Fire,  Explosion  and  Reactivity  Data. 

1.  Fire. 

Fire  and  Explosion  Hazards:  Neglible  fire 
hazard  when  exposed  to  heat  or  flame. 

Flash  point  Nonflammable. 

Extinguishing  media:  Dry  chemical,  carbon 
dioxide,  water  spray  or  foam. 

2.  Reactivity. 

Conditions  contributing  to  instability: 
Generally  non-reactive  under  normal 
conditions.  Reacts  with  acids  to  form  toxic 
hydrogen  sulfide  gas. 

Incompatibilities:  Reacts  vigorously  with 
iodinemonochloride. 

Hazardous  decomposition  products:  Toxic 
fumes  of  cadmium  and  sulfur  oxides. 

C.  Spill  Leak  and  Disposal  Procedures. 

1.  Steps  to  be  taken  if  the  material  is 

released  or  spilled.  Do  not  touch  spilled 
material.  Stop  leak  if  you  can  do  it  without 
risk.  For  small,  dry  spills,  with  a  clean  shovel 
place  material  into  clean,  dry  container  and 
cover.  Move  containers  from  spill  area.  For 
larger  spills,  dike  far  ahead  of  spill  for  later 
disposal.  Keep  unnecessary  people  away. 
Isolate  hazard  and  deny  entry. 

IV.  Cadmium  Chloride 

A.  Physical  and  Chemical  Data. 

1.  Substance  Identification. 

Chemcail  name:  Cadmium  chloride. 

Formula:  CdCli. 

Molecular  weight  183.3. 

CAS  No.  10108-64-2. 

Other  Identifiers:  RTECS  EY01 75000. 

Synonyms:  Caddy;  Cadmium  dichloride; 

NA  2570  (DOT);  UI-CAD;  dichlorocadmium. 

2.  Physical  data. 

Boiling  point  (760  mm  Hg):  960  degrees  C. 

Melting  point  568  degrees  G. 

Specific  Gravity:  (H*0=1  @  20  *C):  4.05. 

Solubility:  Soluble  in  water  (140  g/100  cc); 
soluble  in  acetone. 

Appearance:  Small,  white  crystals. 

B.  Fire,  Explosion  and  Reactivity  Data. 

1.  Fire. 

Fire  and  Explosion  Hazards:  Negligible  fire 
and  negligible  explosion  hazard  in  dust  form 
when  exposed  to  heat  or  flame. 

Flash  point  Nonflamable. 

Extinguishing  media:  Dry  chemical,  carbon 
dioxide,  water  spray  or  foam. 

2.  Reactivity. 

Conditions  contributing  to  instability: 
Generally  stable  under  normal  temperatures 
and  pressures. 

Incompatibilities:  Bromine  triflouride 
rapidly  attacks  cadmium  chloride.  A  mixture 
of  potassium  and  cadmium  chloride  may 
produce  a  strong  explosion  on  impact. 

Hazardous  decomposition  products: 
Thermal  ecompostion  may  release  toxic 
fumes  of  hydrogen  chloride,  chloride,  chlorine 
or  oxides  of  cadmium. 

C.  Spill  Leak  and  Disposal  Procedures. 

1.  Steps  to  be  taken  if  the  materials  is 

released  or  spilled.  Do  not  touch  spilled 
material.  Stop  leak  if  you  can  do  it  without 
risk.  For  small,  dry  spills,  with  a  clean  shovel 
place  material  into  clean,  dry  container  and 
cover.  Move  containers  from  spill  area.  For 


larger  spills,  dike  far  ahead  of  spill  for  later 
disposal.  Keep  unnecessary  people  away. 
Isolate  hazard  and  deny  entry.  The  Superfund 
Amendments  and  Reauthorization  Act  of 
1986  Section  304  requires  that  a  release  equal 
to  or  greater  than  the  reportable  quantity  for 
this  substance  (100  pounds)  must  be 
immediately  reported  to  the  local  emergency 
planning  committee,  the  state  emergency 
response  commission,  and  the  National 
Response  Center  (800)  424-8802;  in 
Washington,  DC  Metropolitan  area  (202)  426- 
2676. 

Appendix  C  to§ _ — Qualitative  and 

Quantitative  Fit  Testing  Procedures 

I.  Fit  Test  Protocols 

A.  General:  The  employer  shall  include  the 
following  provisions  in  the  fit  test  procedures. 
These  provisions  apply  to  both  qualitative  fit 
testing  (QLFT)  and  quantitative  fit  testing 
(QNFT).  All  testing  is  to  be  conducted 
annually. 

1.  The  test  subject  shall  be  allowed  to  pick 
the  most  comfortable  respirator  from  a 
selection  including  respirators  of  various 
sizes  from  different  manufacturers.  The 
selection  shall  include  at  least  three  sizes  of 
elastomeric  facepieces  of  the  type  of 
respirator  that  is  to  be  tested,  i.e.,  three  sizes 
of  half  mask;  or  three  sizes  of  full  facepiece. 
Respirators  of  each  size  must  be  provided 
from  at  least  two  manufacturers. 

2.  Prior  to  the  selection  process,  the  test 
subject  shall  be  shown  how  to  put  on  a 
respirator,  how  it  should  be  positioned  on  the 
face,  how  to  set  strap  tension  and  how  to 
determine  a  comfortable  fit.  A  mirror  shall  be 
available  to  assist  the  subject  in  evaluating 
the  fit  and  positioning  the  respirator.  This 
instruction  may  not  constitute  the  subject's 
formal  training  on  respirator  use;  it  is  only  a 
review. 

3.  The  test  subject  shall  be  informed  that 
he/she  is  being  asked  to  select  the  respirator 
which  provides  the  most  comfortable  fit. 

Each  respirator  represents  a  different  size 
and  shape,  and  if  fitted,  maintained  and  used 
properly,  will  provide  substantial  protection. 

4.  The  test  subject  shall  be  instructed  to 
hold  each  facepiece  up  to  the  face  and 
eliminate  those  which  obviously  do  not  give  a 
comfortable  fit. 

5.  The  more  comfortable  facepieces  are 
noted;  the  most  comfortable  mask  is  donned 
and  worn  at  least  five  minutes  to  assess 
comfort.  Assistance  in  assessing  comfort  can 
be  given  by  discussing  the  points  in  item  6 
below.  If  the  test  subject  is  not  familiar  with 
using  a  particular  respirator,  the  test  subject 
shall  be  directed  to  don  the  mask  several 
times  and  to  adjust  the  straps  each  time  to 
become  adept  at  setting  proper  tension  on  the 
straps. 

6.  Assessment  of  comfort  shall  include 
reviewing  the  following  points  with  the  test 
subject  and  allowing  the  test  subject 
adequate  time  to  determine  the  comfort  of  the 
respirator: 

(a)  Position  of  the  mask  on  the  nose; 

(b)  Room  for  eye  protection; 

(c)  Room  to  talk;  and 

(d)  Position  of  mask  on  face  and  cheeks. 
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7.  The  following  criteria  shall  be  used  to 
help  determine  the  adequacy  of  the  respirator 
fit: 

fa)  Chin  properly  placed; 

(b)  Adequate  strap  tension,  not  overly 
lightened; 

(c)  Fit  across  nose  bridge; 

(d)  Respirator  of  proper  size  to  span 
distance  from  nose  to  chin; 

(e)  Tendency  of  respirator  to  slip;  and 

(0  Self-observation  in  mirror  to  evaluate  fit 
and  respirator  position. 

8.  The  test  subject  shall  conduct  the 
negative  and  positive  pressure  fit  checks  Us 
described  below  or  in  ANSI  Z88.2-1980. 

Before  conducting  the  negative  or  positive 
pressure  test,  the  subject  shall  be  told  to  seat 
the  mask  on  the  face  by  moving  the  head 
from  side-to-side  and  up  and  down  slowly 
while  taking  in  a  few  slow  deep  breaths. 
Another  facepiece  shall  be  selected  and 
retested  if  the  test  subject  fails  the  fit  check 
tests. 

(a) .  Positive  pressure  test.  Close  off  the 
exhalation  valve  and  exhale  gently  onto  the 
facepiece.  The  face  fit  is  considered 
satisfactory  if  a  slight  positive  pressure  can 
be  built  up  inside  the  facepiece  without  any 
evidence  of  outward  leakage  of  air  at  the 
seal.  For  most  respirators  this  method  of  leak 
testing  requires  the  wearer  to  first  remove  the 
exhalation  valve  cover  before  closing  off  the 
exhalation  valve  and  then  carefully  replacing 
it  after  the  test. 

(b) .  Negative  pressure  test.  Close  off  the 
inlet  opening  of  the  canister  or  cartridge(s)  by 
covering  with  the  palm  of  the  hand(s)  or  by 
replacing  the  filter  seal(s).  Inhale  gently  so 
that  the  facepiece  collapses  slightly,  and  hold 
the  breath  for  ten  seconds.  If  the  facepiece 
remains  in  its  slightly  collapsed  condition 
and  no  inward  leakage  of  air  is  detected,  the 
tightness  of  the  respirator  is  considered 
satisfactory. 

9.  The  test  shall  not  be  conducted  if  there  is 
any  hair  growth  between  the  skin  and  the 
facepiece  sealing  surface,  such  as  stubble 
beard  growth,  beard,  or  long  sideburns  which 
cross  the  respirator  sealing  surface.  Any  type 
of  apparel  which  interferes  with  a 
satisfactory  fit  shall  be  altered  or  removed. 

10.  If  a  test  subject  exhibits  difficulty  in 
breathing  during  the  tests,  she  or  he  shall  be 
referred  to  a  physician  trained  in  respiratory 
disease  or  pulmonary  medicine  to  determine, 
in  accordance  with  paragraph  (1)(2)  and  (3)  of 
this  standard,  whether  the  test  subject  can 
wear  a  respirator  while  performing  her  or  his 
duties. 

11.  The  test  subject  shall  be  given  the 
opportunity  to  wear  the  successfully  fitted 
respirator  for  a  period  of  two  weeks.  If  at  any 
time  during  this  period  the  respirator 
becomes  uncomfortable,  the  test  subject  shall 
be  given  the  opportunity  to  select  a  different 
facepiece  and  to  be  retested. 

12.  The  employer  shall  maintain  a  record  of 
the  fit  test  administered  to  an  employee.  The 
record  shall  contain  at  least  the  following 
information: 

(a)  Name  of  employee; 

(b)  Type  of  respirator: 

(c)  Brand,  size  of  respirator; 

(d)  Date  of  test;  and 

(e)  Where  QNFT  is  used,  the  fit  factor  and 
strip  chart  recording  or  other  recording  of  the 


results  of  the  test.  The  record  shall  be 
maintained  until  the  next  fit  test  is 
administered. 

13.  Exercise  regimen.  Prior  to  the 
commencement  of  the  fit  test,  the  test  subject 
shall  be  given  a  description  of  the  fit  test  and 
the  test  subject's  responsibilities  during  the 
test  procedure.  The  description  of  the  process 
shall  include  a  description  of  the  test 
exercises  that  the  subject  will  be  performing. 
The  respirator  to  be  tested  shall  be  worn  for 
at  least  5  minutes  before  the  start  of  the  fit 
test. 

14.  Test  Exercises.  The  test  subject  shall 
perform  exercises,  in  the  test  environment,  in 
the  manner  described  below: 

(a)  Normal  breathing.  In  a  normal  standing 
position,  without  talking,  the  subject  shall 
breathe  normally. 

(b)  Deep  breathing.  In  a  normal  standing 
position,  without  talking,  the  subject  shall 
breathe  slowly  and  deeply,  taking  care  so  as 
to  not  hyperventilate. 

(c)  Turning  head  side  to  side.  Standing  in 
place,  the  subject  shall  slowly  turn  his/her 
head  from  side  to  side  between  the  extreme 
positions  on  each  side.  The  head  shall  be 
held  at  each  extreme  momentarily  so  the 
subject  can  inhale  at  each  side. 

(d)  Moving  head  up  and  down.  Standing  in 
place,  the  subject  shall  slowly  move  his/her 
head  up  and  down.  The  subject  shall  be 
instructed  to  inhale  in  the  up  position  (i.e., 
when  looking  toward  the  ceiling). 

(e)  Talking.  The  subject  shall  talk  out  loud 
slowly  and  loud  enough  so  as  to  be  heard 
clearly  by  the  test  conductor.  The  subject  can 
read  from  a  prepared  text  such  as  the 
Rainbow  Passage,  count  backward  from  100, 
or  recite  a  memorized  poem  or  song. 

(f)  Grimace.  The  test  subject  shall  grimace 
by  smiling  or  frowning. 

(g)  Bending  over.  The  test  subject  shall 
bend  at  the  waist  as  if  he/she  were  to  touch 
his/her  toes.  Jogging  in  place  shall  be 
substituted  for  this  exercise  in  those  test 
environments  such  as  shroud  type  QNFT 
units  which  prohibit  bending  at  the  waist. 

(h)  Normal  breathing.  Same  as  exercise  1. 
Each  test  exercise  shall  be  performed  for  one 
minute  except  for  the  grimace  exercise  which 
shall  be  performed  for  15  seconds.  The  test 
subject  shall  be  questioned  by  the  test 
conductor  regarding  the  comfort  of  the 
respirator  upon  completion  of  the  protocol.  If 
it  has  become  uncomfortable,  another  model 
of  respirator  shall  be  tried. 

B.  Qualitative  Fit  Test  (QLFT)  Protocols 
1.  General 

(a)  The  employer  ^fcall  assign  specific 
individuals  who  shall  assume  full 
responsibility  for  implementing  the  respirator 
qualitative  fit  test  program. 

(b)  The  employer  shall  assure  that  persons 
administering  QLFTs  are  able  to  prepare  test 
solutions,  calibrate  equipment  and  perform 
tests  properly,  recognize  invalid  tests,  and 
assure  that  test  equipment  is  in  proper 
working  order. 

(c)  The  employer  shall  assure  that  QLFT 
equipment  is  kept  clean  and  well  maintained 
so  as  to  operate  within  the  parameters  for 
which  it  was  designed. 


2.  Isoamyl  Acetate  Protocol 

(a)  Odor  threshold  screening.  The  odor 
threshold  screening  test,  performed  without 
wearing  a  respirator,  is  intended  to  determine 
if  the  individual  tested  can  detect  the  odor  of 
isoamyl  acetate. 

(1)  Three  1-liter  glass  jars  with  metal  lids 
are  required. 

(2)  Odor  free  water  (e.g.  distilled  or  spring 
water)  at  approximately  25  degrees  C  shall  be 
used  for  the  solutions. 

(3)  The  isoamyl  acetate  (1AA)  (also  known 
as  isopentyl  acetate)  stock  solution  is 
prepared  by  adding  1  cc  of  pure  LAA  to  800  cc 
of  odor  free  water  in  a  1  liter  jar  and  shaking 
for  30  seconds.  A  new  solution  shall  be 
prepared  at  least  weekly. 

(4)  The  screening  test  shall  be  conducted  in 
a  room  separate  from  the  room  used  for 
actual  fit  testing.  The  two  rooms  shall  be  well 
ventilated  and  shall  not  be  connected  to  the 
same  recirculating  ventilation  system. 

(5)  The  odor  test  solution  is  prepared  in  a 
second  jar  by  placing  0.4  cc  of  the  stock 
solution  into  500  cc  of  odor  free  water  using  a 
clean  dropper  or  pipette.  The  solution  shall 
be  shaken  for  30  seconds  and  allowed  to 
stand  for  two  to  three  minutes  so  that  the 
IAA  concentration  above  the  liquid  may 
reach  equilibrium.  This  solution  shall  be  used 
for  only  one  day. 

(6)  A  test  blank  shall  be  prepared  in  a  third 
jar  by  adding  500  cc  of  odor  free  water. 

(7)  The  odor  test  and  test  blank  jars  shall 
be  labeled  1  and  2  for  jar  identification. 

Labels  shall  be  placed  on  the  lids  so  they  can 
be  periodically  peeled,  dried  off  and  switched 
to  maintain  the  integrity  of  the  test. 

(8)  The  following  instruction  shall  be  typed 
on  a  card  and  placed  on  the  table  in  front  of 
the  two  test  jars  (i.e.,  1  and  2):  "The  purpose 
of  this  test  is  to  determine  i^you  can  smell 
banana  oil  at  a  low  concentration.  The  two 
bottles  in  front  of  you  contain  water.  One  of 
these  bottles  also  contains  a  small  amount  of 
banana  oil.  Be  sure  the  covers  are  on  tight, 
then  shake  each  bottle  for  two  seconds. 
Unscrew  the  lid  of  each  bottle,  one  at  a  time, 
and  sniff  at  the  mouth  of  the  bottle.  Indicate 
to  the  test  conductor  which  bottle  contains 
banana  oil." 

(9)  The  mixtures  used  in  the  IAA  odor 
detection  test  shall  be  prepared  in  an  area 
separate  from  where  the  test  is  performed,  in 
order  to  prevent  olfactory  fatigue  in  the 
subject. 

(10)  If  the  test  subject  is  unable  to  correctly 
identify  the  jar  containing  the  odor  test 
solution,  the  IAA  qualitative  fit  test  shall  not 
be  performed. 

(11)  If  the  test  subject  correctly  identifies 
the  jar  containing  the  odor  test  solution,  the 
test  subject  may  proceed  to  respirator 
selection  and  fit  testing. 

(b)  Isoamyl  acetate  fit  test — 

(1)  The  fit  test  chamber  shall  be  similar  to  a 
clear  55-gallon  drum  liner  suspended  inverted 
over  a  2-foot  diameter  frame  so  that  the  top 
of  the  chamber  is  about  6  inches  above  the 
test  subject’s  head.  The  inside  top  center  of 
the  chamber  shall  have  a  small  hook 
attached. 

(2)  Each  respirator  used  for  the  fitting  ano 
fit  testing  shall  be  equipped  with  organic 
vapor  cartridges  or  offer  protection  against 
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organic  vapors.  The  cartridges  or  masks  shall 
be  changed  at  least  weekly. 

(3)  After  selecting,  donning,  and  properly 
adjusting  a  respirator,  the  test  subject  shall 
wear  it  to  the  fit  testing  room.  This  room  shall 
be  separate  from  the  room  used  for  odor 
threshold  screening  and  respirator  selection, 
and  shall  be  well  ventilated,  as  by  an  exhaust 
fan  or  lab  hood,  to  prevent  general  room 
contamination. 

(4)  A  copy  of  the  test  exercises  and  any 
prepared  text  from  which  the  subject  is  to 
read  shall  be  taped  to  the  inside  of  the  test 
chamber. 

(5)  Upon  entering  the  test  chamber,  the  test 
subject  shall  be  given  a  6-inch  by  5-inch  piece 
of  paper  towel,  or  other  porous,  absorbent, 
single-ply  material,  folded  in  half  and  wetted 
with  0.75  cc  of  pure  IAA.  The  test  subject 
shall  hang  the  wet  towel  on  the  hook  at  the 
top  of  the  chamber. 

(6)  Allow  two  minutes  for  the  IAA  test 
concentration  to  stabilize  before  starting  the 
fit  test  exercises.  This  would  be  an 
appropriate  time  to  talk  with  the  test  subject; 
to  explain  the  fit  test,  the  importance  of  his/ 
her  cooperation,  and  the  purpose  for  the  head 
exercises;  and  to  demonstrate  some  of  the 
exercises. 

(7)  If  at  any  time  during  the  test,  the  subject 
detects  the  banana  like  odor  of  IAA,  the 
respirator  fit  is  inadequate.  The  subject  shall 
quickly  exit  from  the  test  chamber  and  leave 
the  test  area  to  avoid  olfactory  fatigue. 

(8)  If  the  respirator  fit  was  inadequate,  the 
subject  shall  return  to  the  selection  room  and 
remove  the  respirator,  repeat  the  odor 
sensitivity  test,  select  and  put  on  another 
respirator,  return  to  the  test  chamber  and 
again  begin  the  procedure  described  in 
paragraph  (I)(B)(2)(b)  (1)  through  (7)  of  this 
appendix.  The  process  continues  until  a 
respirator  that  fits  well  has  been  found. 
Should  the  odor  sensitivity  test  be  failed,  the 
subject  shall  wait  about  5  minutes  before 
retesting.  Odor  sensitivity  will  usually  have 
returned  by  this  time. 

(9)  When  a  respirator  is  found  that  passes 
the  test,  its  efficiency  shall  be  demonstrated 
for  the  subject  by  having  the  subject  break 
the  face  seal  and  take  a  breath  before  exiting 
the  chamber. 

(10)  When  the  test  subject  leaves  the 
chamber,  the  subject  shall  remove  the 
saturated  towel  and  return  it  to  the  person 
conducting  the  test.  To  keep  the  test  area 
from  becoming  contaminated,  the  used 
towels  shall  be  kept  in  a  self  sealing  bag  so 
there  is  no  significant  IAA  concentration 
build-up  in  the  test  chamber  during 
subsequent  tests. 

3.  Irritant  Fume  Protocol 

(a)  The  respirator  to  be  tested  shall  be 
equipped  with  high-efficiency  particulate  air 
(HEPA)  filters. 

(b)  The  test  subject  shall  be  allowed  to 
smell  a  weak  concentration  of  the  irritant 
smoke  before  the  respirator  is  donned  to 
become  familiar  with  its  characteristic  odor. 

(c)  Break  both  ends  of  a  ventilation  smoke 
tube  containing  stannic  oxychloride,  such  as 
the  MSA  part  No.  5645,  or  equivalent.  Attach 
one  end  of  the  smoke  tube  to  a  low  flow  air 
pump  set  to  deliver  200  milliliters  per  minute. 

(d)  Advise  the  test  subject  that  the  smoke 
can  be  irritating  to  the  eyes  and  instruct  the 


subject  to  keep  his/her  eyes  closed  while  the 
test  is  performed. 

(e)  The  test  conductor  shall  direct  the 
stream  of  irritant  smoke  from  the  smoke  tube 
towards  the  face  seal  area  of  the  test  subject. 
He/she  shall  begin  at  least  12  inches  from  the 
facepiece  and  gradually  move  to  within  one 
inch,  moving  around  the  whole  perimeter  of 
the  mask. 

(f)  The  exercises  identified  in  section  I.  A. 

14  above  shall  be  performed  by  the  test 
subject  while  the  respirator  seal  is  being 
challenged  by  the  smoke. 

(g)  Each  test  subject  passing  the  smoke  test 
without  evidence  of  a  response  shall  be  given 
a  sensitivity  check  of  the  smoke  from  the 
same  tube  once  the  respirator  has  been 
removed  to  determine  whether  he /she  reacts 
to  the  smoke.  Failure  to  evoke  a  response 
shall  void  the  fit  test. 

(h)  The  fit  test  shall  be  performed  in  a 
location  with  exhaust  ventilation  sufficient  to 
prevent  general  contamination  of  the  testing 
area  by  the  test  agent. 

C.  Quantitative  Fit  Test  (QNFT)  Protocol 

1.  General 

(a)  The  employer  shall  assign  specific 
individuals  who  shall  assume  full 
responsibility  for  implementing  the  respirator 
quantitative  fit  test  program. 

(b)  The  employer  shall  ensure  that  persons 
administering  QNFT  are  able  to  calibrate 
equipment  and  perform  tests  properly, 
recognize  invalid  tests,  calculate  fit  factors 
properly  and  assure  that  test  equipment  is  in 
proper  working  order. 

(c)  The  employer  shall  assure  that  QNFT 
equipment  is  kept  clean  and  well  maintained 
so  as  to  operate  at  the  parameters  for  which 
it  was  designed. 

2.  Definitions 

(a)  Quantitative  fit  test.  The  test  is 
performed  in  a  test  chamber.  The  normal  air- 
purifying  element  of  the  respirator  is  replaced 
by  a  high-efficiency  particulate  air  (HEPA) 
filter  in  the  case  of  particulate  QNFT  aerosols 
or  a  sorbent  offering  contaminant  penetration 
protection  equivalent  to  high-efficiency  filters 
where  the  QNFT  test  agent  is  a  gas  or  vapor. 

(b)  Challenge  agent  means  the  aerosol,  gas 
or  vapor  introduced  into  a  test  chamber  so 
that  its  concentration  inside  and  outside  the 
respirator  may  be  measured. 

(c)  Test  subject  means  the  person  wearing 
the  respirator  for  quantitative  fit  testing. 

(d)  Normal  standing  position  means 
standing  erect  and  straight  with  arms  down 
along  the  sides  and  looking  straight  ahead. 

(e)  Maximum  peak  penetration  method 
means  the  method  of  determining  test  agent 
penetration  in  the  respirator  as  determined 
by  strip  chart  recordings  of  the  test.  The 
highest  peak  penetration  for  a  given  exercise 
is  taken  to  be  representative  of  average 
penetration  into  the  respirator  for  that 
exercise. 

(f)  Average  peak  penetration  method 
means  the  method  of  determining  test  agent 
penetration  into  the  respirator  utilizing  a  strip 
chart  recorder,  integrator,  or  computer.  The 
agent  penetration  is  determined  by  an 
average  of  the  peak  heights  on  the  graph  or 
by  computer  integration,  for  each  exercise 
except  the  grimace  exercise.  Integrators  or 


computers  which  calculate  the  actual  test 
agent  penetration  into  the  respirator  for  each 
exercise  will  also  be  considered  to  meet  the 
requirements  of  the  average  peak  penetration 
method. 

(g)  “Fit  Factor”  means  the  ration  of 
challenge  agent  concentration  outside  with 
respect  to  the  inside  of  a  respirator  inlet 
covering  (facepiece  or  enclosure). 

3.  Apparatus 

(a)  Instrumentation.  Aerosol  generation, 
dilution,  and  measurement  systems  using 
corn  oil  or  sodium  chloride  as  test  aerosols 
shall  be  used  for  quantitative  fit  testing. 

(b)  Test  chamber.  The  test  chamber  shall 
be  large  enough  to  permit  all  test  subjects  to 
perform  freely  all  required  exercises  without 
disturbing  the  challenge  agent  concentration 
or  the  measurement  apparatus.  The  test 
chamber  shall  be  equipped  and  constructed 
so  that  the  challenge  agent  is  effectively 
isolated  from  the  ambient  air,  yet  uniform  in 
concentration  throughout  the  chamber. 

(c)  When  testing  air-purifying  respirators, 
the  normal  filter  or  cartridge  element  shail  be 
replaced  with  a  high-efficiency  particulate 
filter  supplied  by  the  same  manufacturer. 

(d)  The  sampling  instrument  shall  be 
selected  so  that  a  strip  chart  record  may  be 
made  of  the  test  showing  the  rise  and  fall  of 
the  challenge  agent  concentration  with  each 
inspiration  and  expiration  at  fit  factors  of  at 
least  2,000.  Integrators  or  computers  which 
integrate  the  amount  of  test  agent  penetration 
leakage  into  the  respirator  for  each  exercise 
may  be  used  provided  a  record  of  the 
readings  is  made. 

(e)  The  combination  of  substitute  air- 
purifying  elements,  challenge  agent  and 
challenge  agent  concentration  in  the  test 
chamber  shall  be  such  that  the  test  subject  is 
not  exposed  in  excess  of  an  established 
exposure  limit  for  the  challenge  agent  at  any 
time  during  the  testing  process. 

(f)  The  sampling  port  on  the  test  specimen 
respirator  shall  be  placed  and  constructed  so 
that  no  leakage  occurs  around  the  port  (e.g. 
where  the  respirator  is  probed),  a  free  air 
flow  is  allowed  into  the  sampling  line  at  all 
times  and  so  that  there  is  no  interference 
with  the  fit  or  performance  of  the  respirator. 

(g)  The  test  chamber  and  test  set  up  shall 
permit  the  person  administering  the  test  to 
observe  the  test  subject  inside  the  chamber 
during  the  test. 

(h)  The  equipment  generating  the  challenge 
atmosphere  shall  maintain  the  concentration 
of  challenge  agent  inside  the  test  chamber 
constant  to  within  a  10-percent  variation  for 
the  duration  of  the  test. 

(i)  The  time  lag  (interval  between  an  event 
and  the  recording  of  the  event  on  the  strip 
chart  or  computer  or  integrator)  shall  be  kept 
to  a  minimum.  There  shall  be  a  clear 
association  between  the  occurrence  of  an 
event  inside  the  test  chamber  and  its  being 
recorded. 

(j)  The  sampling  line  tubing  for  the  test 
chamber  atmosphere  and  for  the  respirator 
sampling  port  shall  be  of  equal  diameter  and 
of  the  same  material.  The  length  of  the  two 
lines  shall  be  equal. 

(k)  The  exhaust  flow  from  the  test  chamber 
shall  pass  through  a  high-efficiency  filter 
before  release. 
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(l)  When  sodium  chloride  aerosol  is  used, 
the  relative  humidity  inside  the  test  chamber 
shall  not  exceed  50  percent. 

(m)  The  limitations  of  instrument  detection 
shall  be  taken  into  account  when  determining 
the  fit  factor. 

(n)  Test  respirators  shall  be  maintained  in 
proper  working  order  and  inspected  for 
deficiencies  such  as  cracks,  missing  valves 
and  gaskets,  etc. 

4.  Procedural  Requirements 

(a)  When  performing  the  initial  positive  or 
negative  pressure  test  the  sampling  line  shall 
be  crimped  dosed  in  order  to  avoid  air 
pressure  leakage  during  either  of  these  tests. 

(b)  An  abbreviated  screening  isoamyl 
acetate  test  or  irritant  fume  test  may  be 
utilized  in  order  to  quickly  identify  poor 
fitting  respire  tore  which  passed  the  positive 
and/or  negative  pressure  test  and  thus 
reduce  the  amount  of  QNFT  time.  When 
performing  a  screening  isoamyl  acetate  test, 
combination  high-efficiency  organic  vapor 
cartridges/ canisters  shall  be  used.  ' 

(c)  A  reasonably  stable  challenge  agent 
concentration  shall  be  measured  in  the  test 
chamber  prior  to  testing.  For  canopy  or 
shower  curtain  type  of  test  units  the 
determination  of  the  challenge  agent  stability 
may  be  established  after  the  test  subject  has 
entered  the  test  environment. 

(d)  Immediately  after  the  subject  enters  the 
test  chamber,  die  challenge  agent 
concentration  inside  the  respirator  shall  be 
measured  to  ensure  that  the  peak  penetration 
does  not  exceed  5  percent  for  a  half  mask  or 
1  percent  for  a  full  facepiece  respirator. 

(e)  A  stable  challenge  concentration  shall 
be  obtained  prior  to  the  actual  start  of 
testing; 

(f)  Respirator  restraining  straps  shall  not  be 
overtightened  fortesting.  The  straps  shall  be 
adjusted  by  the  wearer  without  assistance 
from  other  persons  to  give  a  reasonable 
comfortable  fit  typical  of  normal  use. 

(g)  The  test  shall  be  terminated  whenever 
any  single  peak  penetration  exceeds  5 
percent  fbT  half  masks  and  T  percent  for  full 
facepiece  respirators.  The  test  subject  shall 
be  refitted  and  retested.  If  two  of  the  three 
required  tests  are  terminated,  the  fit  shall  be 
deemed  inadequate. 

(h)  In  order  to  successfully  complete  a 
QNFT,  three  successful  fit  tests  are  required. 
The  results  of  each  of  the  three  independent 
fit  tests  must  exceed  the  minimum  fit  factor 
needed  for  the  class  of  respirator  (e.g.  half 
mask  respirator,  full  facepiece  respirator). 

(i)  Calculation  of  fit  factors. 

(1)  The  fit  factor  shall  be  determined  for 
the  quantitative  fit  test  by  taking  the  ratio  of 
the  average  chamberconcentration  to  the 
concentration  inside  the  respirator. 

(2)  The  average  test  chamber  concentration 
is  the  arithmetic  average  of  the  test  chamber 
concentration  at  the  beginning  and  at  the  end 
of  the  test. 

(3)  The  concentration  of  the  challenge 
agent  inside  the  respirator  shall  be 
determined  by  one  of  the  following  methods: 

(i)  Average  peak  concentration; 

(ii)  Maximum  peak  concentration; 

(iii)  Integration  by  calculation  of  the  area 
under  the  individual  peak  for  each  exercise. 
This  includes  computerized  integration. 


(j)  Interpretation  of  test  results.  The  fit 
factor  established  by  the  quantitative  fit 
testing  shall  be  the  lowest  of  the  three  fit 
factor  values  calculated  from  the  three 
required  fit  tests. 

(k)  The  test  subject  shall  not  be  permitted 
to  wear  a  half  mask,  or  full  facepiece 
respirator  unless  a  minimum  fit  factor 
equivalent  to  at  least  10  times  the  hazardous 
exposure  level  is  obtained. 

(l)  Filters  used  for  quantitative  fit  testing 
shall  be  replaced  at  least  weekly,  or 
whenever  increased  breathing  resistance  is 
encountered,  or  when  the  test  agent  has 
altered  the  integrity  of  the  filter  media. 
Organic  vapor  cartridges /canisters  shall  be 
replaced  daily  (when  used)  or  sooner  if  there 
is  any  indication  of  breakthrough  by  a  test 
agent 

Appendix  D  to  § _ — Occupational 

Health  History  Interview  With 
Reference  to  Cadmium  Exposure 

Directions 

(To  be  read  by  employee  and  signed 
prior  to  the  interview) 

Please  answer  the  questions  you  will 
be  asked  as  completely  and  carefully  as 
you  can.  These  questions  are  asked  of 
everyone  who  works  with  cadmium. 

You  will  also  be  asked  to  give  blood  and 
urine  samples.  The  doctor  will  give  your 
employer  a  written  opinion  on  whether 
you  are  physically  capable  of  working 
with  cadmium.  Legally,  the  doctor 
cannot  share  personal  information  you 
may  tell  him/her  with  your  employer. 
The  following  information  is  considered 
strictly  confidential.  The  results  of  the 
tests  will  go  to  you,  your  doctor  and 
your  employer.  You.  will  also  receive  an 
information  sheet  explaining  the  results 
of  any  biological  monitoring  or  physical 
examinations  performed. 

If  you  are  just  being  hired,  the  results 
of  this  interview  and  examination  will 
be  used  to: 

(1)  Establish  your  health  status  and 
see  if  working  with  cadmium  might  be 
expected  to  cause  unusual  problems, 

(2)  Determine  your  health  status  today 
and  see  if  there  are  changes  over  time, 

(3)  See  if  you  can  wear  a  respirator 
safely. 

If  you  are  not  a  new  hire; 

OSHA  says  that  everyone  who  works 
with  cadmium  can  have  periodic 
medieal  examinations  performed  by  a 
doctor.  The  reasons  for  this  are: 

(a)  If  there  are  changes  in  your  health, 
either  because  of  cadmium  or  some 
other  reason,,  to  find  them,  early, 

(b)  to  prevent  kidney  damage. 

Please  sign  below. 

I  have  read  these  directions  and 
understand  them: 


Employee  signature 


Date 

Thank  you  for  answering  these  questions. 
(Suggested  Format) 

Name - 

Age - 

Social  Security  # - 

Company  - 

Job - 

Type  of  Preplacement  Exam: 

(  ]  Periodic 
[  ]  Termination 
[  ]  Initial 
[  j  Other 

Blood  Pressure - 

Pulse  Rate - 

1.  How  long  have  you  worked  at  the  job 

listed  above? 

[  ]  Not  yet  hired 
[  ]  Number  of  months 
[  j  Number  of  years 

2.  Job  Duties  etc. 


3.  Have  you  ever  been  told  by  a  doctor  that 

you  had  bronchitis? 

[  J  Yes 
1  1  No 

If  yes,,  how  long  ago? 

[  ]  Number  of  months 
[  j  Number  of  years 

4.  Have  you  ever  been  told  by  a  doctor  that 

you  had  emphysema? 

I  ]Yes 

[  ]No 

If  yes,  how  long  ago? 

(  ]  Number  of  years 
[  ]  Number  of  months 

5.  Have  you  ever  been  told  by  a  doctor  that 

you  had  other  lung  problems? 

[  ]  Yes 
[  I  No 

If  yes,  please  describe  type  of  lung 
problems  and  when  you  had  these 
problems 


6.  In  the  past  year,  have  you  had  a  cough? 

[  ]  Yes 

l  1  No 

If  yes,  did  you  cough  up  sputum? 

[  1  Yes 
[  1  No 

If  yes,  how  long  did  the  cough  with  sputum 
production  last? 

[  ]  Less  than  3  months 
[  ].  3  months  or  longer 
If  yes,  for  how  many  years  have  you  had 
episodes  of  cough  with  sputum 
production  lasting  this  long? 

[  ]  Less:  than  one 

l  11 

[  ]’Z 

[  1  Longer  than  2 

7.  Have  you  ever  smoked  cigarettes? 
t  I  Yes 

f  )  ’No 

8.  Do  you  now  smoke  cigarettes? 
f  ]'  Yes 

P  )  No 
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9.  If  you  smoke  or  have  smoked  cigarettes,  for 

how  many  years  have  you  smoked,  or 
did  you  smoke? 

[  ]  Less  than  1  year 
(  j  Number  of  years 
What  is  or  was  the  greatest  number  of 
packs  per  day  that  you  have  smoked? 

[  j  Number  of  packs 
If  you  quit  smoking  cigarettes,  how  many 
years  ago  did  you  quit? 

(  ]  Less  than  1  year 
[  j  Number  of  years 
How  many  packs  a  day  do  you  now 
smoke? 

[  ]  Number  of  packs  per  day 

10.  Have  you  ever  been  told  by  a  doctor  that 

you  had  a  kidney  or  urinary  tract  disease 
or  disorder? 

[  lYes 
l  JNo 

11.  Have  you  ever  had  any  of  these 

disorders? 


Kidney  stones . 

[  )  Yes  ( 

)  No 

Protein  in  urine . . 

I  1  Yes  ( 

)  No 

Blood  in  urine . 

l  1  Yes  [ 

]  No 

Difficulty  urinating . 

l  1  Yes  [ 

]  No 

Other  kidney/Urinary 

l  )Yes  ( 

)  No 

disorders. 


Please  describe  problems,  age,  treatment, 
and  follow  up  for  any  kidney  or  urinary 
problems  you  have  had: 


12.  Have  you  ever  been  told  by  a  doctor  or 

other  health  care  provider  who  took  your 
blood  pressure  that  your  blood  pressure 
was  high? 

[  1  Yes 
l  JNo 

13.  Have  you  ever  been  advised  to  take  any 

blood  pressure  medication? 

[  1  Yes 

l  1  No 

14.  Are  you  presently  taking  any  blood 

pressure  medication? 

I  1  Yes 
l  JNo 

15.  Are  you  presently  taking  any  other 

medication? 

[  ]  Yes 

l  1  No 

16.  Please  list  any  blood  pressure  or  other 

medications  and  describe  how  long  you 
have  been  taking  each  one: 

Medicine: 


17.  Have  you  ever  been  told  by  a  doctor  that 

you  have  diabetes?  (sugar  in  your  blood 
or  urine) 

1  1  Yes 
[  ]No 

If  yes,  do  you  presently  see  a  doctor  about 
your  diabetes? 

[  ]  Yes 
(  ]  No 

If  yes,  how  do  you  control  your  blood 
sugar? 

[  ]  Diet  alone 
[  j  Diet  plus  oral  medicine 
[  j  Diet  plus  insulin  (injection) 

18.  Have  you  ever  been  told  by  a  doctor  that 

you  had: 


Anemia. .  [  ]  Yes  [  ]  No 

A  low  blood  count? .  [  j  Yes  [  j  No 


19.  Do  you  presently  feel  that  you  tire  or  run 

out  of  energy  sooner  than  normal  or 
sooner  than  other  people  your  age? 

[  ]  Yes 

[  1  N° 

If  yes,  for  how  long  have  you  felt  that  you 
tire  easily? 

[  J  Less  than  1  year 
(  j  Number  of  years 

20.  Have  you  given  blood  within  the  last 

year? 

I  )  Yes 

l  1  No 

If  yes,  how  many  times? 

[  ]  Number  of  times 
How  long  ago  was  the  last  time  you  gave 
blood? 

[  )  Less  than  1  month 
[  ]  Number  of  months 

21.  Within  the  last  year  have  you  had  any 

injuries  with  heavy  bleeding? 

[  1  Yes 
t  ]No 

If  yes,  how  long  ago? 

[  ]  Less  than  1  month 


23.  Have  you  seen  any  blood  lately  in  your 

stool  or  after  a  bowel  movement? 

I  1  Yes 
[  ]No 

24.  Have  you  ever  had  a  test  for  blood  in  your 

stool? 

I  )  Yes 

l  1  No 

If  yes,  did  the  test  show  any  blood  in  the 
stool? 

[  1  Yes 
[  )  No 


What  further  evaluation  and  treatment  were 
done? - - 


The  following  questions  pertain  to  the 
ability  to  wear  a  respirator.  Additional 
information  for  the  physician  can  be  found  in 
The  Respiratory  Protective  Devices  Manual. 

25.  Have  you  ever  been  told  by  a  doctor  that 

you  have  asthma? 

I  1  Yes 
[  )No 

If  yes,  are  you  presently  taking  any 
medication  for  asthma?  Mark  all  that 
apply. 

[  ]  Shots 
(  ]  Pills 
[  )  Inhaler 

26.  Have  you  ever  had  a  heart  attack? 

I  1  Yes 

[  )No 

If  yes,  how  long  ago? 

(  ]  Number  of  years 
[  )  Number  of  months 

27.  Have  you  ever  had  pains  in  your  chest? 

I  1  Yes 

l  ]No 

If  yes,  when  did  it  usually  happen? 

(  ]  While  resting 
[  j  While  working 
[  ]  While  exercising 
[  j  Activity  didn’t  matter 

28.  Have  you  ever  had  a  thyroid  problem? 

I  1  Yes  . 

(  )No 

29.  Have  you  ever  had  a  seizure  or  fits? 

[  1  Yes 

[  JNo 

30.  Have  you  ever  had  a  stroke 

(cerebrovascular  accident)? 

I  1  Yes 
[  ]  No 

31.  Have  you  ever  had  a  ruptured  eardrum  or 

a  serious  hearing  problem? 

(  J  Yes 
I  )No 

32.  Do  you  now  have  a  claustrophobia, 

meaning  fear  of  crowded  or  closed  in 
spaces  or  any  psychological  problems 
that  would  make  it  hard  for  you  to  wear 
a  respirator? 

I  1  Yes 
[  ]No 

The  following  questions  pertain  to 
reproductive  history. 

33.  Have  you  or  your  partner  had  a  problem 

conceiving  a  child? 

I  1  Yes 
[  ]  No  • 

If  yes,  specify: 

(  ]  Self 

[  j  Present  mate 
[  ]  Previous  mate 

34.  Have  you  or  your  partner  consulted  a 

physician  for  a  fertility  or  other 
reproductive  problem? 

[  1  Yes 
l  ]No 

If  yes,  specify  who  consulted  the  physician: 
(  )  Self 

(  j  Spouse/partner 
(  ]  Self  and  partner 

If  yes,  specify  diagnosis  made: - 


How  Long  Taken 
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35.  Have  you  or  your  partner  ever  conceived 
a  child  resulting  in  a  miscarriage,  still 
birth  or  deformed  offspring? 

[  ]Yes 
[  [No 

If  yes.  specify: 
f  1  Miscarriage 
f  ]  Still' birth 
[  ]  Deformed  offspring 
If  outcome  was  a  deformed  offspring,  please 
specify  type: - 


36.  Was  this  outcome  a  result  of  a  pregnancy 

of: 

[  ]  Yours  with  present  partner 
[  J  Yours  with  a  previous  partner 

37.  Did  the  timing  of  any  abnormal  pregnancy 

outcome  coincide  with  present 
employment? 

[  ]' Yes 
[  JNo 

List  dates  of  occurrences: - 


38.  What  is  the  occupation  of  your  spouse  or 
partner? 


For  Women  Only 

39.  Do  you  have  menstrual  periods? 

[  ]  Yes 
[  ]  No 

Have  you  had  menstrual  irregularities? 

[  J  Yes 

1  1  N° 

If  yes.  specify  type: - 


If  yes.  what  was  the  approximated  date  this 
problem  began?  - 


Approximate  date  problem  stopped? 


For  Men  Only 

40.  Have  you  ever  been  diagnosed  by  a 
physician  as  having  prostate  gland 
problem(s)? 

[  ]Yes 

A  1  No 

If  yes.  please  describe  type  of  problem(js)  and 
what  was  done  to  evaluate  and  treat  the 
problem(s):  - 


Appendix  E  to  § _ — Cadmium  in 

Workplace  Atmospheres 

Method  Number:  ID-189 
Matrix:  Air 


OSHA  Permissible  Exposure  Limits:  5  pg/m3 
(TWA),  2:5  pg/m3  (Action  Level  TWA) 
Collection  Procedure:  A  known  volume  of  air 
is  drawn  through  a  37-mm  diameter  filter 
cassette  containing  a  0.8-pm  mixed 
cellulose  ester  membrane  filter(MCEF). 
Recommended  Air  Volume:  960  L 
Recommended  Sampling  Rate:  2.0  L/min 
Analytical  Procedure:  Air  filter  samples  are 
digested  with  nitric  acid.  After  digestion, 
a  small  amount  of  hydrochloric  acid  is 
added.  The  samples  are  then  diluted  to 
volume  with. deionized  water,  and 
analyzed  by  either  flame  atomic 
absorption  spectroscopy  (AAS)  or 
flameless  atomic  absorption 
spectroscopy  using  a  heated  graphite 
furnace  atomizer  (AAS-HGA). 

Detection  Limits: 

Qualitative:  0.2  pg/m3  for  a  200  L  sample  by 
Flame  AAS,  0.007  pg/m3  for  a  60  L 
sample  by  AAS-HGA 
Quantitative:  0.70  pg/m3  for  a  200  L  sample 
by  Flame  AAS,  0.025  pg/m3  for  a  60  L 
sample  by  AAS-HGA 
Precision  and  Accuracy:  (Flame  AAS 
Analysis  and  AAS-HGA  Analysis): 

Validation  Level:  2.5  to  10  pg/m3  for  a  400 
L  air  vol,  1.25  to  5.0  pg/m3  for  a  60  L  air 
vol 

CV,  (pooled):  0,010,  0.043 
Analytical  Bias;  +4.0%,  —5.8% 

Overall  Analytical  Error:±6.0%,  ±14.2% 
Method  Classification:  Validated 
Date:  June.  1992 

Inorganic  Service  Branch  II,  OSHA  Salt 
Lake  Technical  Center.  Salt  Lake  City,  Utah 

Commercial  manufacturers  and  products 
mentioned  in  this  method  are  for  descriptive 
use  only  and  do  not  constitute  endorsements 
by  USDOL-OSHA.  Similar  products  from 
other  sources  can  be  substituted. 

1.  Introduction 

1.1.  Scope 

This  method  describes  the  collection  of 
airborne  elemental  cadmium  and  cadmium 
compounds  on  0.8-pm  mixed  cellulose  ester 
membrane  filters  and  their  subsequent 
analysis  by  either  flame  atomic  absorption 
spectroscopy  (AAS)  or  flameless  atomic 
absorption  spectroscopy  using  a  heated 
graphite  furnace  atomizer  (AAS-HGA).  It  is 
applicable  for  both  TWA.  and  Action  Level 
TWA  Permissible  Exposure  Level  (PEL) 
measurements.  The  two  atomic  absorption 
analytical  techniques  included  in  the  method 
do  not  differentiate  between  cadmium  fume 
and  cadmium  dust  samples.  They  also  do  not 
differentiate  between  elemental  cadmium 
and  its  compounds. 

1.2.  Principle 

Airborne  elemental  cadmium  and  cadmium 
compounds  are  collected  on  a  0.8-pm  mixed 
cellulose  ester  membrane  filter  (MCEF).  The 
air  filter  samples  are  digested  with 
concentrated  nitric  acid1  to  destroy  the 
organic  matrix  and  dissolve  the  cadmium 
analytes.  After  digestion,  a  small  amount  of 
concentrated  hydrochloric  acid  is  added  to 
help  dissolve  other  metals  which  may  be 
present.  The  samples  are  diluted  to  volume 
with  deionized  water  and  then  aspirated  into 
the  oxidizing  air/acetylene  flame  of  an 


atomic  absorption  spectrophotometer  for 
analysis  of  elemental  cadmium. 

If  the  concentration  of  cadmium  in  a 
sample  solution  is  too  low  for  quantitation  by 
this  flame  AAS  analytical  technique,  and  the 
sample  is  to  be  averaged  with  other  samples 
for  TWA  calculations,  aliquots  of  the  sample 
and  a  matrix  modifier  are  later  injected  onto 
a  L’vov  platform  in  a  pyrolytically-coated 
graphite  tube  of  a  Zeeman  atomic  absorption 
spectrophotometer/graphite  furnace 
assembly  for  analysis  of  elemental  cadmium. 
The  matrix  modifier  is  added  to,  stabilize  the 
cadmium  metal  and  minimize  sodium 
chloride  as  an  interference  during  the  high 
temperature  charring  step  of  the  analysis 
(5.1.,  5.2.). 

1.3.  History 

Previously,  two  OSHA  sampling  and 
analytical  methods  for  cadmium  were  used 
concurrently  (5.3.,  5.4.).  Both  of  these  methods 
also  required  0.8-pm  mixed  cellulose  ester 
membrane  filters  for  the  collection  of  air 
samples.  These  cadmium  air  filter  samples 
were  analyzed  by  either  flame  atomic 
absorption  spectroscopy  (5.3.)  or  inductively 
coupled  plasma/atomic  emission 
spectroscopy  (ICP-AES)  (5.4,),  Neither  of 
these  two  analytical  methods  have  adequate 
sensitivity  for  measuring  workplace  exposure 
to  airborne  cadmium  at  the  new  lower  TWA 
and  Action  Level  TWA  PEL  levels  when 
consecutive  samples,  are  taken  on  one 
employee  and  the  sample  results  need  to  be 
averaged  with  other  samples  to  determine  a 
single  TWA. 

The  inclusion  of  two  atomic  absorption 
analytical  techniques  in  the  new  sampling 
and  analysis  method  for  airborne  cadmium 
permits  quantitation  of  sample  results  over  a 
broad  range  of  exposure  levels  and  sampling 
periods.  The  flame  AAS  analytical  technique 
included  in  this  method  is  similar  to  the 
previous  procedure  given  in  the  General 
Metals  Method  ID-121  (5.3.)  with  some 
modifications.  The  sensitivity  of  the  AAS- 
HGA  analytical  technique  included  in  this 
method  is  adequate  to  measure  exposure 
levels  at  1/10  the  Action  Level  TWA,  or 
lower,  when  less  than  full-shift  samples  need 
to  be  averaged  together. 

1.4.  Properties  (5.5.) 

Elemental  cadmium  is  a  silver-white,  blue- 
tinged,  lustrous  metal  which  is  easily  cut  with 
a  knife.  It  is  slowly  oxidized  by  moist  air  to 
form  cadmium  oxide.  It  is  insoluble  in  water, 
but  reacts  readily  with  dilute  nitric  acid. 

Some  of  the  physical  properties  and  other 
descriptive  information  of  elemental 
cadmium  are  given  below: 

CAS  No . 7440-43-9 

Atomic  Number . 48 

Atomic  Symbol . Cd 

Atomic  Weight . 112.41 

Melting  Point . 321  °C 

Boiling  Point . 765  °C 

Density . . . 8.65.  g/ mL(25  °C) 

The  properties  of  specific  cadmium 
compounds  are  described  in  reference  5.5. 

1.5.  Method  Performance 

A  synopsis  of  method  performance  is 
presented  below.  Further  information  can  be 
found  in  Section  4. 
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1.5.1.  The  qualitative  and  quantitative 
detection  limits  for  the  flame  AAS  analytical 
technique  are  0.04  pg  (0.004  pg/mL)  and  0.14 
fig  (0.014  pg/mL)  cadmium,  respectively,  for  a 
10  mL  solution  volume.  These  correspond, 
respectively,  to  0.2  pg/m3  and  0.70  fig/m3  for 
a  200  L  air  volume. 

1.5.2.  The  qualitative  and  quantitative 
detection  limits  for  the  AAS-HGA  analytical 
technique  are  0.44  ng  (0.044  ng/mL)  and  1.5  ng 
(0.15  ng/mL)  cadmium,  respectively,  for  a  10 
mL  solution  volume.  These  correspond, 
respectively,  to  0.007  pg/m3  and  0.025  pg/m3 
for  a  60  L  air  volume. 

1.5.3.  The  average  recovery  by  the  flame 
AAS  analytical  technique  of  17  spiked  MCEF 
samples  containing  cadmium  in  the  range  of 
0.5  to  2.0  times  the  TWA  target  concentration 
of  5  fig/m3  (assuming  a  400  L  air  volume)  was 
104.0%  with  a  pooled  coefficient  of  variation 
(CVi)  of  0.010.  The  flame  analytical  technique 
exhibited  a  positive  bias  of  +4.0%  for  the 
validated  concentration  range.  The  overall 
analytical  error  (OAE)  for  the  flame  AAS 
analytical  technique  was  ±6.0%. 

1.5.4.  The  average  recovery  by  the  AAS- 
HGA  analytical  technique  of  18  spiked  MCEF 
samples  containing  cadmium  in  the  range  of 
0.5  to  2.0  times  the  Action  Level  TWA  target 
concentration  of  2.5  pg/m3  (assuming  a  60  L 
air  volume)  was  94.2%  with  a  pooled 
coefficient  of  variation  (CVi)  of  0.043.  The 
AAS-HGA  analytical  technique  exhibited  a 
negative  bias  of  —5.8%  for  the  validated 
concentration  range.  The  overall  analytical 
error  (OAE)  for  the  AAS-HGA  analytical 
technique  was  ±14.2%. 

1.5.5.  Sensitivity  in  flame  atomic  absorption 
is  defined  as  the  characteristic  concentration 
of  an  element  required  to  produce  a  signal  of 
1%  absorbance  (0.0044  absorbance  units). 
Sensitivity  values  are  listed  for  each  element 
by  the  atomic  absorption  spectrophotometer 
manufacturer  and  have  proved  to  be  a  very 
valuable  diagnostic  tool  to  determine  if 
instrumental  parameters  are  optimized  and  if 
the  instrument  is  performing  up  to 
specification.  The  sensitivity  of  the 
spectrophotometer  used  in  the  validation  of 
the  flame  AAS  analytical  technique  agreed 
with  the  manufacturer  specifications  (5.8.); 
the  2  pg/mL  cadmium  standard  gave  an 
absorbance  reading  of  0.350  abs.  units. 

1.5.6.  Sensitivity  in  graphite  furnace  atomic 
absorption  is  defined  in  terms  of  the 
characteristic  mass,  the  number  of  picograms 
required  to  give  an  integrated  absorbance 
value  of  0.0044  absorbance-second  (5.7.). 

Data  suggests  that  under  Stabilized 
Temperature  Platform  Furnace  (STPF) 
conditions  (see  Section  1.6.2.).  characteristic 
mass  values  are  transferable  between 
properly  functioning  instruments  to  an 
accuracy  of  about  20%  (5.2.).  The 
characteristic  mass  for  STPF  analysis  of 
cadmium  with  Zeeman  background 
correction  listed  by  the  manufacturer  of  the 
instrument  used  in  the  validation  of  the  AAS- 
HGA  analytical  technique  was  0.35  pg.  The 
experimental  characteristic  mass  value 
observed  during  the  determination  of  the 
working  range  and  detection  limits  of  the 
AAS-HGA  analytical  technique  was  0.41  pg. 

1.6.Interferences 

1.6,1.  High  concentrations  of  silicate 
interfere  in  determining  cadmium  by  flame 


AAS  (5.6.).  However,  silicates  are  not 
significantly  soluble  in  the  acid  matrix  used 
to  prepare  the  samples. 

1.6.2.  Interferences,  such  as  background 
absorption,  are  reduced  to  a  minimum  in  the 
AAS-HGA  analytical  technique  by  taking  full 
advantage  of  the  Stabilized  Temperature 
Platform  Furnace  (STPF)  concept.  STPF 
includes  all  of  the  following  parameters  (5.2.): 

a.  Integrated  Absorbance, 

b.  Fast  Instrument  Electronics  and  Sampling 
Frequency. 

c.  Background  Correction, 

d.  Maximum  Power  Heating, 

e.  Atomization  off  the  L’vov  platform  in  a 
pyrolytically  coated  graphite  tube. 

f.  Gas  Stop  during  Atomization, 

g.  Use  of  Matrix  Modifiers. 

1.7.  Toxicology  (5.14.) 

Information  listed  within  this  section  is 
synopsis  of  current  knowledge  of  the 
physiological  effects  of  cadmium  and  is  not 
intended  to  be  used  as  the  basis  for  OSHA 
policy.  IARC  classifies  cadmium  and  certain 
of  its  compounds  as  Group  2A  carcinogens 
(probably  carcinogenic  to  humans).  Cadmium 
fume  is  intensely  irritating  to  the  respiratory 
tract.  Workplace  exposure  to  cadmium  can 
cause  both  chronic  and  acute  effects.  Acute 
effects  include  tracheobronchitis, 
pneumonitis,  and  pulmonary  edema.  Chronic 
effects  include  anemia,  rhinitis/anosmia, 
pulmonary  emphysema,  proteinuria  and  lung 
cancer.  The  primary  target  organs  for  chronic 
disease  are  the  kidneys  (non-carcinogenic) 
and  the  lungs  (carcinogenic). 

2.  Sampling 

2.1.  Apparatus 

2.1.1.  Filter  cassette  unit  for  air  sampling:  A 
37-mm  diameter  mixed  cellulose  ester 
membrane  filter  with  a  pore  size  of  0.8-pm 
contained  in  a  37-mm  polystyrene  two-  or 
three-piece  cassette  filter  holder  (part  no. 
MAWP  037  A0,  Millipore  Corp.,  Bedford, 

MA).  The  filter  is  supported  with  a  cellulose 
backup  pad.  The  cassette  is  sealed  prior  to 
use  with  a  shrinkable  gel  band. 

2.1.2.  A  calibrated  personal  sampling  pump 
whose  flow  is  determined  to  an  accuracy  of 
±5%  at  the  recommended  flow  rate  with  the 
filter  cassette  unit  in  line. 

2.2.  Procedure 

2.2.1.  Attach  the  prepared  cassette  to  the 
calibrated  sampling  pump  (the  backup  pad 
should  face  the  pump)  using  flexible  tubing. 
Race  the  sampling  device  on  the  employee 
such  that  air  is  sampled  from  the  breathing 
zone. 

2.2.2.  Collect  air  samples  at  a  flow  rate  of 
2.0  L/min.  If  the  filter  does  not  become 
overloaded,  a  full-shift  (at  least  seven  hours) 
sample  is  strongly  recommended  for  TWA 
and  Action  Level  TWA  measurements  with  a 
maximum  air  volume  of  960  L.  If  overloading 
occurs,  collect  consecutive  air  samples  for 
shorter  sampling  periods  to  cover  the  full 
workshift. 

2.2.3.  Replace  the  end  plugs  into  the  filter 
cassettes  immediately  after  sampling.  Record 
the  sampling  conditions. 

2.2.4.  Securely  wrap  each  sample  filter 
cassette  end-to-end  with  an  OSHA  Form  21 
sample  seal. 


2.2.5.  Submit  at  least  one  blank  sample 
with  each  set  of  air  samples.  The  blank 
sample  should  be  handled  the  same  as  the 
other  samples  except  that  no  air  is  drawn 
through  it. 

2.2.6.  Ship  the  samples  to  the  laboratory  for 
analysis  as  soon  as  possible  in  a  suitable 
container  designed  to  prevent  damage  in 
transit. 

3.  Analysis 

3.1.  Safety  Precautions 

3.1.1.  Wear  safety  glasses,  protective 
clothing  and  gloves  at  all  times. 

3.1.2.  Handle  acid  solutions  with  care. 
Handle  all  cadmium  samples  and  solutions 
with  extra  care  (see  Sect.  1.7.).  Avoid  their 
direct  contact  with  work  area  surfaces,  eyes, 
skin  and  clothes.  Flush  acid  solutions  which 
contact  the  skin  or  eyes  with  copious 
amounts  of  water. 

3.1.3.  Perform  all  add  digestions  and  acid 
dilutions  in  an  exhaust  hood  while  wearing  a 
face  shield.  To  avoid  exposure  to  acid 
vapors,  do  not  remove  beakers  containing 
concentrated  acid  solutions  from  the  exhaust 
hood  until  they  have  returned  to  room 
temperature  and  have  been  diluted  or 
emptied. 

3.1.4.  Exercise  care  when  using  laboratory 
glassware.  Do  not  use  chipped  pipets. 
volumetric  flasks,  beakers  or  any  glassware 
with  sharp  edges  exposed  in  brder  to  avoid 
the  possibility  of  cuts  or  abrasions. 

3.1.5.  Never  pipet  by  mouth. 

3.1.6.  Refer  to  the  instrument  instruction 
manuals  and  SOPs  (5.8.,  5.9.)  for  proper  and 
safe  operation  of  the  atomic  absorption 
spectrophotometer,  graphite  furnace  atomizer 
and  associated  equipment. 

3.1.7.  Because  metallic  elements  and  other 
toxic  substances  are  vaporized  during  AAS 
flame  or  graphite  furnace  atomizer  operation, 
it  is  imperative  that  an  exhaust  vent  be  used. 
Always  ensure  that  the  exhaust  system  is 
operating  properly  during  instrument  use. 

3.2.  Apparatus  for  Sample  and  Standard 
Preparation 

3.2.1.  Hot  plate,  capable  of  reaching  150  °C, 
installed  in  an  exhaust  hood. 

3.2.2.  Phillips  beakers,  125  mL. 

3.2.3.  Bottles,  narrow-mouth,  polyethylene 
or  glass  with  leakproof  caps:  used  for  storage 
of  standards  and  matrix  modifier. 

3.2.4.  Volumetric  flasks,  volumetric  pipets, 
beakers  and  other  associated  general 
laboratory  glassware. 

3.2.5.  Forceps  and  other  associated  general 
laboratory  equipment. 

3.3.  Apparatus  for  Flame  AAS  Analysis 
3.3.1.  Atomic  absorption  spectrophotometer 

consisting  of  a(an): 

Nebulizer  and  burner  head 
Pressure  regulating  devices  capable  of 
maintaining  constant  oxidant  and  fuel 
pressures 

Optical  system  capable  of  isolating  the 
desired  wavelength  of  radiation  (228.8  nm) 
Adjustable  slit 

Light  measuring  and  amplifying  device 
Display,  strip  chart,  or  computer  interface  for 
indicating  the  amount  of  absorbed 
radiation 
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Cadmium  hollow  cathode  lamp  or 
electrodeless  discharge  lamp  (EDL)  and 
power  supply 

3.3.2.  Oxidant:  compressed  air,  filtered  to 
remove  water,  oil  and  other  foreign 
substances. 

3.3.3.  Fuel:  standard  commercially 
available  tanks  of  acetylene  dissolved  in 
acetone;  tanks  should  be  equipped  with  flash 
arresters. 

Caution:  Do  not  use  grades  of  acetylene 
containing  solvents  other  than  acetone 
because  they  may  damage  the  PVC  tubing 
used  in  some  instruments. 

3.3.4.  Pressure-reducing  valves:  two  gauge, 
two-stage  pressure  regulators  to  maintain  fuel 
and  oxidant  pressures  somewhat  higher  than 
the  controlled  operating  pressures  of  the 
instrument. 

3.3.5.  Exhaust  vent  installed  directly  above 
the  spectrophotometer  burner  head. 

3.4.  Apparatus  for  AAS-HGA  Analysis 

3.4.1.  Atomic  absorption  spectrophotometer 
consisting  of  a(an): 

Heated  graphite  furnace  atomizer  (HGA) 
with  argon  purge  system 
Pressure-regulating  devices  capable  of 
maintaining  constant  argon  purge  pressure 
Optical  system  capable  of  isolating  the 
desired  wavelength  of  radiation  (228.8  nm) 
Adjustable  slit 

Light  measuring  and  amplifying  device 
Display,  strip  chart,  or  computer  interface  for 
indicating  the  amount  of  absorbed 
radiation  (as  integrated  absorbance,  peak 
area) 

Background  corrector:  Zeeman  or  deuterium 
arc.  The  Zeeman  background  corrector  is 
recommended 

Cadmium  hollow  cathode  lamp  or 
electrodeless  discharge  lamp  (EDL)  and 
power  supply 

Autosampler  capable  of  accurately  injecting  5 
to  20  p.L  sample  aliquots  onto  the  L'vov 
Platform  in  a  graphite  tube 

3.4.2.  Pyrolytically  coated  graphite  tubes 
containing  solid,  pyrolytic  L’vov  platforms. 

3.4.3.  Polyethylene  sample  cups,  2.0  to  2.5 
mL,  for  use  with  the  autosampler. 

3.4.4.  Inert  purge  gas  for  graphite  furnace 
atomizer:  compressed  gas  cylinder  of  purified 
argon. 

3.4.5.  Two  gauge,  two-stage  pressure 
regulator  for  the  argon  gas  cylinder. 

3.4.6.  Cooling  water  supply  for  graphite 
furnace  atomizer. 

3.4.7.  Exhaust  vent  installed  directly  above 
the  graphite  furnace  atomizer. 

3.5.  Reagents 

All  reagents  should  be  ACS  analytical 
reagent  grade  or  better. 

3.5.1.  Deionized  water  with  a  specific 
conductance  of  less  than  10  pS 

3.5.2.  Concentrated  nitric  acid,  HNOs. 

3.5.3.  Concentrated  hydrochloric  acid,  HC1. 

3.5.4.  Ammonium  phosphate,  monobasic, 
NK,H2PO«. 

3.5.5.  Magnesium  nitrate,  Mg(N03)2. 

3.5.6.  Diluting  solution  (4%  HNOs,  0.4% 
HC1):  Add  40  mL  HNOs  and  4  mL  HC1 
carefully  to  approximately  500  mL  deionized 
water  and  dilute  to  1  L  with  deionized  water. 

3.5.7.  Cadmium  standard  stock  solution, 
1.000  pg/mL:  Use  a  commercially  available 


certified  1,000  pg /mL  cadmium  standard  or, 
alternatively,  dissolve  1.0000  g  of  cadmium 
metal  in  a  minimum  volume  of  1:1  HC1  and 
dilute  to  1  L  with  4%  HNOs-  Observe 
expiration  dates  of  commercial  standards. 
Properly  dispose  of  commercial  standards 
with  no  expiration  dates  or  prepared 
standards  one  year  after  their  receipt  or 
preparation  date. 

3.5.8.  Matrix  modifier  for  AAS-HGA 
analysis:  Dissolve  1.0  g  NH*H2PO«  and  0.15  g 
MgfNOsh  in  approximately  200  mL  deionized 
water.  Add  1  mL  HNOs  and  dilute  to  500  mL 
with  deionized  water. 

3.5.9  Nitric  Acid,  1:1  HNOs/DI  H20 
mixture:  Carefully  add  a  measured  volume  of 
concentrated  HNOs  to  an  equal  volume  of  D1 
HjO. 

3.5.10.  Nitric  acid,  10%  v/v:  Carefully  add 
100  mL  of  concentrated  HNOs  to  500  mL  of  DI 
H20  and  dilute  to  1  L. 

3.8.  Glassware  Preparation 

3.6.1.  Clean  Phillips  beakers  by  refluxing 
with  1:1  nitric  acid  on  a  hot  plate  in  a  fume 
hood.  Thoroughly  rinse  with  deionized  water 
and  invert  the  beakers  to  allow  them  to  drain 
dry. 

3.6.2.  Rinse  volumetric  flasks  and  all  other 
glassware  with  10%  nitric  acid  and  deionized 
water  prior  to  use. 

3.7.  Standard  Preparation  for  Flame  AAS 
Analysis 

3.7.1.  Dilute  stock  solutions:  Prepare  1,  5, 10 
and  100  pg/mL  cadmium  standard  stock 
solutions  by  making  appropriate  serial 
dilutions  of  1,000  pg/mL  cadmium  standard 
stock  solution  with  the  diluting  solution 
described  in  Section  3.5.6. 

3.7.2.  Working  standards:  Prepare  cadmium 
working  standards  in  the  range  of  0.02  to  2.0 
pg/mL  by  making  appropriate  serial  dilutions 
of  the  dilute  stock  solutions  with  the  same 
diluting  solution.  A  suggested  method  of 
preparation  of  the  working  standards  is  given 
below. 


Working 

standard 

(pg/mL) 

Std 

solution 

(pg/mL) 

Aliquot 

(mL) 

Final  vol. 

(mL) 

0.02 . 

1 

10 

500 

0.05 . 

5 

5 

500 

0.1 . 

10 

5 

500 

0.2 . 

10 

10 

500 

0.5 . 

10 

25 

500 

1 . 

100 

5 

500 

2 . 

100 

10 

500 

Store  the  working  standards  in  500-mL, 
narrow-mouth  polyethylene  or  glass  bottles 
with  leak  proof  caps.  Prepare  every  twelve 
months. 

3.8.  Standard  Preparation  for  AAS-HGA 
Analysis 

3.8.1.  Dilute  stock  solutions:  Prepare  10, 100 
and  1,000  ng/mL  cadmium  standard  stock 
solutions  by  making  appropriate  ten-fold 
serial  dilutions  of  the  1,000  pg/mL  cadmium 
standard  stock  solution  with  the  diluting 
solution  described  in  Section  3.5.6. 

3.8.2.  Working  standards:  Prepare  cadmium 
working  standards  in  the  range  of  0.2  to  20 
ng/mL  by  making  appropriate  serial  dilutions 
of  the  dilute  stock  solutions  with  the  same 


diluting  solution.  A  suggested  method  of 
preparation  of  the  working  standards  is  given 
below. 


Working 

standard 

(ng/mL) 

Std 

solution 

(ng/mL) 

Aliquot 

(mL) 

Final  vol 

(mL) 

0.2 . 

10 

2 

100 

0.5 . 

10 

5 

100 

1 . 

10 

10 

100 

2 . 

100 

2 

100 

5— . 

100 

2 

100 

10 . 

100 

10 

100 

20 . 

1,000 

2 

100 

Store  the  working  standards  in  narrow- 
mouth  polyethylene  or  glass  bottles  with 
leakproof  caps.  Prepare  monthly. 

3.9.  Sample  Preparation 

3.9.1.  Carefully  transfer  each  sample  filter 
with  forceps  from  its  filter  cassette  unit  to  a 
clean,  separate  125-mL  Phillips  beaker  along 
with  any  loose  dust  found  in  the  cassette. 
Label  each  Phillips  beaker  with  the 
appropriate  sample  number. 

3.9.2.  Digest  the  sample  by  adding  5  mL  of 
concentrated  nitric  acid  (HN03)  to  each 
Phillips  beaker  containing  an  air  filter 
sample.  Place  the  Phillips  beakers  on  a  hot 
plate  in  an  exhaust  hood  and  heat  the 
samples  until  approximately  0.5  mL  remains. 
The  sample  solution  in  each  Phillips  beaker 
should  become  clear.  If  it  is  not  clear,  digest 
the  sample  with  another  portion  of 
concentrated  nitric  acid. 

3.9.3.  After  completing  the  HN03  digestion 
and  cooling  the  samples,  add  40  fiL  (2  drops) 
of  concentrated  HC1  to  each  air  sample 
solution  and  then  swirl  the  contents. 

Carefully  add  about  5  mL  of  deionized  water 
by  pouring  it  down  the  inside  of  each  beaker. 

3.9.4.  Quantitatively  transfer  each  cooled 
air  sample  solution  from  each  Phillips  beaker 
to  a  clean  10-mL  volumetric  flask.  Dilute  each 
flask  to  volume  with  deionized  water  and  mix 
well. 

3.10.  Flame  AAS  Analysis 

Analyze  all  of  the  air  samples  for  their 
cadmium  content  by  flame  atomic  absorption 
spectroscopy  (AAS)  according  to  the 
instructions  given  below. 

3.10.1.  Set  up  the  atomic  absorption 
spectrophotometer  for  the  air/acetylene 
flame  analysis  of  cadmium  according  to  the 
SOP  (5.8.)  or  the  manufacturer’s  operational 
instructions.  For  the  source  lamp,  use  the 
cadmium  hollow  cathode  or  electrodeless 
discharge  lamp  operated  at  the 
manufacturer’s  recommended  rating  for 
continuous  operation.  Allow  the  lamp  to 
warm  up  10  to  20  min  or  until  the  energy 
output  stabilizes.  Optimize  conditions  such  as 
lamp  position,  burner  head  alignment,  fuel 
and  oxidant  flow  rates,  etc.  See  the  SOP  or 
specific  instrument  manuals  for  details. 
Instrumental  parameters  for  the  Perkin-Elmer 
Model  603  used  in  the  validation  of  this 
method  are  given  in  Appendix  A. 

3.10.2.  Aspirate  and  measure  the 
absorbance  of  a  standard  solution  of 
cadmium.  The  standard  concentration  should 
be  within  the  linear  range.  For  the 
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instrumentation  used  in  the  validation  of  this 
method  a  2  pg/mL  cadmium  standard  gives  a 
net  absorbance  reading  of  about  0.350  abs. 
units  (see  Section  1.5.5.)  when  the  instrument 
and  the  source  lamp  are  performing  to 
manufacturer  specifications. 

3.10.3.  To  increase  instrument  response, 
scale  expand  the  absorbance  reading  of  the 
aspirated  2  pg/mL  working  standard 
approximately  four  times.  Increase  the 
integration  time  to  at  least  3  seconds  to 
reduce  signal  noise. 

3.10.4.  Autozero  the  instrument  while 
aspirating  a  deionized  water  blank.  Monitor 
the  variation  in  the  baseline  absorbance 
reading  (baseline  noise)  for  a  few  minutes  to 
insure  that  the  instrument,  source  lamp  and 
associated  equipment  are  in  good  operating 
condition. 

3.10.5.  Aspirate  the  working  standards  and 
samples  directly  into  the  flame  and  record 
their  absorbance  readings.  Aspirate  the 
deionized  water  blank  immediately  after 
every  standard  or  sample  to  correct  for  and 
monitor  any  baseline  drift  and  noise.  Record 
the  baseline  absorbance  reading  of  each 
deionized  water  blank.  Label  each  standard 
and  sample  reading  and  its  accompanying 
baseline  reading. 

3.10.6.  It  is  recommended  that  the  entire 
series  of  working  standards  be  analyzed  at 
the  beginning  and  end  of  the  analysis  of  a  set 
of  samples  to  establish  a  concentration- 
response  curve,  ensure  that  the  standard 
readings  agree  with  each  other  and  are 
reproducible.  Also,  analyze  a  working 
standard  after  every  five  or  six  samples  to 
monitor  the  performance  of  the 
spectrophotometer.  Standard  readings  should 
agree  within  ±10  to  15%  of  the  readings 
obtained  at  the  beginning  of  the  analysis. 

3.10.7.  Bracket  the  sample  readings  with 
standards  during  the  analysis.  If  the 
absorbance  reading  of  a  sample  is  above  the 
absorbance  reading  of  the  highest  working 
standard,  dilute  the  sample  with  diluting 
solution  and  reanalyze.  Use  the  appropriate 
dilution  factor  in  the  calculations. 

3.10.8.  Repeat  the  analysis  of 
approximately  10%  of  the  samples  for  a  check 
of  precision. 

3.10.9.  If  possible,  analyze  quality  control 
samples  from  an  independent  source  as  a 
check  on  analytical  recovery  and  precision. 

3.10.10.  Record  the  final  instrument  settings 
at  the  end  of  the  analysis.  Date  and  label  the 
output. 

3.11.  AAS-HGA  Analysis 

Initially  analyze  all  of  the  air  samples  for 
their  cadmium  content  by  flame  atomic 
absorption  spectroscopy  (AAS)  according  to 
the  instructions  given  in  Section  3.10.  If  the 
concentration  of  cadmium  in  a  sample 
solution  is  less  than  three  times  the 
quantitative  detection  limit  [0.04  pg/mL  (40 
ng/mL)  for  the  instrumentation  used  in  the 
validation)  and  the  sample  results  are  to  be 
averaged  with  other  samples  for  TWA 
calculations,  proceed  with  the  AAS-HGA 
analysis  of  the  sample  as  described  below. 

3.11.1.  Set  up  the  atomic  absorption 
spectrophotometer  and  HGA  for  flameless 
atomic  absorption  analysis  of  cadmium 
according  to  the  SOP  (5.9.)  or  the 
manufacturer's  operational  instructions  and 
allow  the  instrument  to  stabilize.  The 


graphite  furnace  atomizer  is  equipped  with  a 
pyrolytically  coated  graphite  tube  containing 
a  pyrolytic  platform.  For  the  source  lamp,  use 
a  cadmium  hollow  cathode  or  electrodeless 
discharge  lamp  operated  at  the 
manufacturer's  recommended  setting  for 
graphite  furnace  operation.  The  Zeeman 
background  corrector  and  EDL  are 
recommended  for  use  with  the  L’vov 
platform.  Instrumental  parameters  for  the 
Perkin-Elmer  Model  5100  spectrophotometer 
and  Zeeman  HGA-600  graphite  furnace  used 
in  the  validation  of  this  method  are  given  in 
Appendix  B. 

3.11.2.  Optimize  the  energy  reading  of  the 
spectrophotometer  at  228.8  nm  by  adjusting 
the  lamp  position  and  the  wavelength 
according  to  the  manufacturer's  instructions. 

3.11.3.  Set  up  the  autosampler  to  inject  a  5- 
pL  aliquot  of  the  working  standard,  sample  or 
reagent  blank  solution  onto  the  L’vov 
platform  along  with  a  10-pL  overlay  of  the 
matrix  modifier. 

3.11.4.  Analyze  the  reagent  blank  (diluting 
solution.  Section  3.5.8.)  and  then  autozero  the 
instrument  before  starting  the  analysis  of  a 
set  of  samples.  It  is  recommended  that  the 
reagent  blank  be  analyzed  several  times 
during  the  analysis  to  assure  the  integrated 
absorbance  (peak  area)  reading  remains  at  or 
near  zero. 

3.11.5.  Analyze  a  working  standard 
approximately  midway  in  the  linear  portion 
of  the  working  standard  range  two  or  three 
times  to  check  for  reproducibility  and 
sensitivity  (see  sections  1.5.5.  and  1.5.6.) 
before  starting  the  analysis  of  samples. 
Calculate  the  experimental  characteristic 
mass  value  from  the  average  integrated 
absorbance  reading  and  injection  volume  of 
the  analyzed  working  standard.  Compare  this 
value  to  the  manufacturer’s  suggested  value 
as  a  check  of  proper  instrument  operation. 

3.11.6.  Analyze  the  reagent  blank,  working 
standard,  and  sample  solutions.  Record  and 
label  the  peak  area  (abs-sec)  readings  and 
the  peak  and  background  peak  profiles  on  the 
printer/ plotter. 

3.11.7.  It  is  recommended  the  entire  series 
of  working  standards  be  analyzed  at  the 
beginning  and  end  of  the  analysis  of  a  set  of 
samples.  Establish  a  concentration-response 
curve  and  ensure  standard  readings  agree 
with  each  other  and  are  reproducible.  Also, 
analyze  a  working  standard  after  every  five 
or  six  samples  to  monitor  the  performance  of 
the  system.  Standard  readings  should  agree 
within  ±15%  of  the  readings  obtained  at  the 
beginning  of  the  analysis. 

3.11.8.  Bracket  the  sample  readings  with 
standards  during  the  analysis.  If  the  peak 
area  reading  of  a  sample  is  above  the  peak 
area  reading  of  the  highest  working  standard, 
dilute  the  sample  with  the  diluting  solution 
and  reanalyze.  Use  the  appropriate  dilution 
factor  in  the  calculations. 

3.11.9.  Repeat  the  analysis  of 
approximately  10%  of  the  samples  for  a  check 
of  precision. 

3.11.10.  If  possible,  analyze  quality  control 
samples  from  an  independent  source  as  a 
check  of  analytical  recovery  and  precision. 

3.11.11.  Record  the  final  instrument  settings 
at  the  end  of  the  analysis.  Date  and  label  the 
output. 


3.12.  Calculations 

Note:  Standards  used  for  HGA  analysis  are 
in  ng/mL.  Total  amounts  of  cadmium  from 
calculations  will  be  in  ng  (not  pg)  unless  a 
prior  conversion  is  made. 

3.12.1.  Correct  for  baseline  drift  and  noise 
in  flame  AAS  analysis  by  subtracting  each 
baseline  absorbance  reading  from  its 
corresponding  working  standard  or  sample 
absorbance  reading  to  obtain  the  net 
absorbance  reading  for  each  standard  and 
sample. 

3.12.2.  Use  a  least  squares  regression 
program  to  plot  a  concentration-response 
curve  of  net  absorbance  reading  (or  peak 
area  for  HGA  analysis)  versus  concentration 
(pg/mL  or  ng/mL)  of  cadmium  in  each 
working  standard. 

3.12.3.  Determine  the  concentration  (pg/ mL 
or  ng/mL)  of  cadmium  in  each  sample  from 
the  resulting  concentration-response  curve.  If 
the  concentration  of  cadmium  in  a  sample 
solution  is  less  than  three  times  the 
quantitative  detection  limit  [0.04  pg/mL  (40 
ng/mL)  for  the  instrumentation  used  in  the 
validation  of  the  method]  and  if  consecutive 
samples  were  taken  on  one  employee  and  the 
sample  results  are  to  be  averaged  with  other 
samples  to  determine  a  single  TWA, 
reanalyze  the  sample  by  AAS-HGA  as 
described  in  Section  3.11.  and  report  the 
AAS-HGA  analytical  results. 

3.12.4.  Calculate  the  total  amount  (pg  or  ng) 
of  cadmium  in  each  sample  from  the  sample 
solution  volume  (mL) : 

W  =  (C)(sample  vol,  mL)(DF) 

Where: 

W=Total  cadmium  in  sample 

C  =  Calculated  concentration  of  cadmium 

DF= Dilution  Factor  (if  applicable) 

3.12.5.  Make  a  blank  correction  for  each  air 
sample  by  subtracting  the  total  amount  of 
cadmium  in  the  corresponding  blank  sample 
from  the  total  amount  of  cadmium  in  the 
sample. 

3.12.6.  Calculate  the  concentration  of 
cadmium  in  an  air  sample  (mg/m3  or  pg/m3) 
by  using  one  of  the  following  equations: 
mg/m3  =  Wbc/(Air  vol  sampled,  L) 

or 

pg/m3  =  (W*c)(l .000  ng/pg)/(Air  vol  sampled. 

L) 

Where: 

Wbc= blank  corrected  total  pg  cadmium  in 
the  sample.  (lpg  =  1,000  ng) 

4.  Backup  Data 

4.1.  Introduction 

4.1.1.  The  purpose  of  this  evaluation  is  to 
determine  the  analytical  method  recovery, 
working  standard  range,  and  qualitative  and 
quantitative  detection  limits  of  the  two 
atomic  absorption  analytical  techniques 
included  in  this  method.  The  evaluation 
consisted  of  the  following  experiments: 

1.  An  analysis  of  24  samples  (six  samples 
each  at  0.1. 0.5, 1  and  2  times  the  TWA-PEL) 
for  the  analytical  method  recovery  study  of 
the  flame  AAS  analytical  technique. 

2.  An  analysis  of  18  samples  (six  samples 
each  at  0.5. 1  and  2  times  the  Action  Level 
TWA-PEL)  for  the  analytical  method 
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recovery  study  of  the  AAS-HGA  analytical 
technique. 

3.  Multiple  analyses  of  the  reagent  blank 
and  a  series  of  standard  solutions  to 
determine  the  working  standard  range  and 
the  qualitative  and  quantitative  detection 
limits  for  both  atomic  absorption  analytical 
techniques. 

4.1.2.  The  analytical  method  recovery 
results  at  all  test  levels  were  calculated  from 
concentration-response  curves  and 
statistically  examined  for  outliers  at  the  99% 
confidence  level.  Possible  outliers  were 
determined  using  the  Treatment  of  Outliers 
test  (5.10.).  In  addition,  the  sample  results  of 
the  two  analytical  techniques,  at  0.5, 1.0  and 
2.0  times  their  target  concentrations,  were 
tested  for  homogeneity  of  variances  also  at 
the  99%  confidence  level.  Homogeneity  of  the 
coefficients  of  variation  was  determined 
using  the  Bartlett's  test  (5.11.).  The  overall 
analytical  error  (OAE)  at  the  95%  confidence 
level  was  calculated  using  the  equation 
(5.12.): 

OAE=  ±  ( !  Bias  |  +  (1.96)(CV,  (pooled))(100%)] 

4.1.3.  A  derivation  of  the  International 
Union  of  Pure  and  Applied  Chemistry 
(IUPAC)  detection  limit  equation  (5.13.)  was 
used  to  determine  the  qualitative  and 
quantitative  detection  limits  for  both  atomic 
absorption  analytical  techniques: 

CM=k(sd)/m  (Equation  1) 

Where: 

C|„=the  smallest  reliable  detectable 
concentration  an  analytical  instrument 
can  determine  at  a  given  confidence 
level. 

k=3  for  the  Qualitative  Detection  Limit  at 
the  99.86%  Confidence  Level 

=  10  for  the  Quantitative  Detection  Limit  at 
the  99.99%  Confidence  Level. 

sd  =  standard  deviation  of  the  reagent 
blank  (Rbl)  readings. 

m  =  analytical  sensitivity  or  slope  as 
calculated  by  linear  regression. 

4.1.4.  Collection  efficiencies  of  metallic 
fume  and  dust  atmospheres  on  0.8-pm  mixed 
cellulose  ester  membrane  filters  are  well 
documented  and  have  been  shown  to  be 
excellent  (5.11.).  Since  elemental  cadmium 
and  the  cadmium  component  of  cadmium 
compounds  are  nonvolatile,  stability  studies 
of  cadmium  spiked  MCEF  samples  were  not 
performed. 

4.2.  Equipment 

4.2.1.  A  Perkin-Elmer  (PE)  Model  603 
spectrophotometer  equipped  with  a  manual 
gas  control  system,  a  stainless  steel 
nebulizer,  a  burner  mixing  chamber,  a  flow 
spoiler  and  a  10  cm.  (one-slot)  burner  head 
was  used  in  the  experimental  validation  of 
the  flame  AAS  analytical  technique.  A  PE 
cadmium  hollow  cathode  lamp,  operated  at 
the  manufacturer's  recommended  current 
setting  for  continuous  operation  (4  mA),  was 
used  as  the  source  lamp.  Instrument 
parameters  are  listed  in  Appendix  A. 

4.2.2.  A  PE  Model  5100  spectrophotometer, 
Zeeman  HGA-600  graphite  furnace  atomizer 
and  AS-60  HGA  autosampler  were  used  in 
the  experimental  validation  of  the  AAS-HGA 
analytical  technique.  The  spectrophotometer 
was  equipped  with  a  PE  Series  7700 
professional  computer  and  Model  PR-310 


printer.  A  PE  System  2  cadmium 
electrodeless  discharge  lamp,  operated  at  the 
manufacturer's  recommended  current  setting 
for  modulated  operation  (170  mA),  was  used 
as  the  source  lamp.  Instrument  parameters 
are  listed  in  Appendix  B. 

4.3.  Reagents 

4.3.1.  J.T.  Baker  Chem.  Co.  (Analyzed 
grade)  concentrated  nitric  acid,  69.0-71.0%, 
and  concentrated  hydrochloric  acid,  36.5- 
38.0%,  were  used  to  prepare  the  samples  and 
standards. 

4.3.2.  Ammonium  phosphate,  monobasic, 
NH4H2PO4  and  magnesium  nitrate,  Mg(N03)2, 
both  manufactured  by  the  Mallinckrodt 
Chem.  Co.,  were  used  to  prepare  the  matrix 
modifier  for  AAS-HGA  analysis. 

4.4.  Standard  Preparation  for  Flame  AAS 
Analysis 

4.4.1.  Dilute  stock  solutions:  Prepared  0.01, 
0.1, 1, 10  and  100  pg/mL  cadmium  standard 
stock  solutions  by  making  appropriate  serial 
dilutions  of  a  commercially  available  1,000 
pg/mL  cadmium  standard  stock  solution 
(RICCA  Chemical  Co.,  Lot#  A102)  with  the 
diluting  solution  (4%  HNO3,  0.4%  HC1). 

4.4.2.  Analyzed  Standards:  Prepared 
cadmium  standards  in  the  range  of  0.001  to 
2.0  pg/mL  by  pipetting  2  to  10  mL  of  the 
appropriate  dilute  cadmium  stock  solution 
into  a  100-mL  volumetric  flask  and  diluting  to 
volume  with  the  diluting  solution.  (See 
Section  3.7.2.) 

4.5.  Standard  Preparation  for  AAS-HGA 
Analysis 

4.5.1.  Dilute  stock  solutions:  Prepared  1, 10, 
100  and  1,000  ng/mL  cadmium  standard  stock 
solutions  by  making  appropriate  serial 
dilutions  of  a  commercially  available  1,000 
pg/mL  cadmium  standard  stock  solution  (].T. 
Baker  Chemical  Co.,  Instra-analyzed,  Lot# 
D22642)  with  the  diluting  solution  (4%  HNOs, 
0.4%  HC1). 

4.5.2.  Analyzed  Standards:  Prepared 
cadmium  standards  in  the  range  of  0.1  to  40 
ng/mL  by  pipetting  2  to  10  mL  of  the 
appropriate  dilute  cadmium  stock  solution 
into  a  100-mL  volumetric  flask  and  diluting  to 
volume  with  the  diluting  solution.  (See 
Section  3.8.2.) 

4.6.  Detection  Limits  and  Standard  Working 
Range  for  Flame  AAS  Analysis 

4.6.1.  Analyzed  the  reagent  blank  solution 
and  the  entire  series  of  cadmium  standards  in 
the  range  of  0.001  to  2.0  pg/mL  three  to  six 
times  according  to  the  instructions  given  in 
Section  3.10.  The  diluting  solution  (4%  HNO3, 
0.4%  HC1)  was  used  as  the  reagent  blank.  The 
integration  time  on  the  PE  603 
spectrophotometer  was  set  to  3.0  seconds  and 
a  four-fold  expansion  of  the  absorbance 
reading  of  the  2.0  pg/mL  cadmium  standard 
was  made  prior  to  analysis.  The  2.0  pg/mL 
standard  gave  a  net  absorbance  reading  of 
0.350  abs.  units  prior  to  expansion  in 
agreement  with  the  manufacturer’s 
specifications  (5.6.). 

4.6.2.  The  net  absorbance  readings  of  the 
reagent  blank  and  the  low  concentration  Cd 
standards  from  0.001  to  0.1  pg/mL  and  the 
statistical  analysis  of  the  results  are  shown  in 
Table  I.  The  standard  deviation,  sd,  of  the  six 
net  absorbance  readings  of  the  reagent  blank 
is  1.05  abs.  units.  The  slope,  m,  as  calculated 


by  a  linear  regression  plot  of  the  net 
absorbance  readings  (shown  in  Table  II)  of 
the  0.02  to  1.0  pg/mL  cadmium  standards 
versus  their  concentration  is  772.7  abs.  units/ 
(pg/mL). 

4.6.3.  If  these  values  for  sd  and  the  slope, 
m,  are  used  in  Eqn.  1  (Sect.  4.1.3.),  the 
qualitative  and  quantitative  detection  limits 
as  determined  by  the  IUPAC  Method  are: 
Cw=(3)(1.05  abs.  units)/(772.7  abs.  units/(pg/ 

mL)) 

=  0.0041  pg/mL  for  the  qualitative 
detection  limit. 

Cw=(10)(1.05  abs.  units)/(772.7  abs.  units/ 
Pg/mL)) 

=0.014  pg/mL  for  the  quantitative 
detection  limit. 

The  qualitative  and  quantitative  detection 
limits  for  the  flame  AAS  analytical  technique 
are  0.041  pg  and  0.14  pg  cadmium, 
respectively,  for  a  10  mL  solution  volume. 
These  correspond,  respectively,  to  0.2  pg/m3 
and  0.70  pg/m3  for  a  200  L  air  volume. 

4.6.4.  The  recommended  Cd  standard 
working  range  for  flame  AAS  analysis  is  0.02 
to  2.0  pg/mL  The  net  absorbance  readings  of 
the  reagent  blank  and  the  recommended 
working  range  standards  and  the  statistical 
analysis  of  the  results  are  shown  in  Table  II. 
The  standard  of  lowest  concentration  in  the 
working  range,  0.02  pg/mL,  is  slightly  greater 
than  the  calculated  quantitative  detection 
limit,  0.014  pg/mL.  The  standard  of  highest 
concentration  in  the  working  range,  2.0  pg/ 
mL  is  at  the  upper  end  of  the  linear  working 
range  suggested  by  the  manufacturer  (5.6.). 
Although  the  standard  net  absorbance 
readings  are  not  strictly  linear  at 
concentrations  above  0.5  pg/mL  the 
deviation  from  linearity  is  only  about  10%  at 
the  upper  end  of  the  recommended  standard 
working  range.  The  deviation  from  linearity  is 
probably  caused  by  the  four-fold  expansion 
of  the  signal  suggested  in  the  method.  As 
shown  in  Table  II,  the  precision  of  the 
standard  net  absorbance  readings  are 
excellent  throughout  the  recommended 
working  range:  the  relative  standard 
deviations  of  the  readings  range  from  0.009  to 
0.064. 

4.7.  Detection  Limits  and  Standard  Working 
Range  for  AAS-HGA  Analysis 

4.7.1.  Analyzed  the  reagent  blank  solution 
and  the  entire  series  of  cadmium  standards  in 
the  range  of  0.1  to  40  ng/mL  according  to  the 
instructions  given  in  Section  3.11.  The  diluting 
solution  (4%  HNO3,  0.4%  HC1)  was  used  as 
the  reagent  blank.  A  fresh  aliquot  of  the 
reagent  blank  and  of  each  standard  was  used 
for  every  analysis.  The  experimental 
characteristic  mass  value  was  0.41  pg, 
calculated  from  the  average  peak  area  (abs- 
sec)  reading  of  the  5  ng/mL  standard  which  is 
approximately  midway  in  the  linear  portion 
of  the  working  standard  range.  This  agreed 
within  20%  with  the  characteristic  mass 
value,  0.35  pg,  listed  by  the  manufacturer  of 
the  instrument  (5.2.). 

4.7.2.  The  peak  area  (abs-sec)  readings  of 
the  reagent  blank  and  the  low  concentration 
Cd  standards  from  0.1  to  2.0  ng/mL  and 
statistical  analysis  of  the  results  are  shown  in 
Table  III.  Five  of  the  reagent  blank  peak  area 
readings  were  zero  and  the  sixth  reading  was 
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1  and  was  an  outlier.  The  near  lack  of  a  blank 
signal  does  not  satisfy  a  strict  interpretation 
of  the  IUPAC  method  for  determining  the 
detection  limits.  Therefore,  the  standard 
deviation  of  the  six  peak  area  readings  of  the 
0.2  ng/mL  cadmium  standard.  0.75  abs-sec. 
was  used  to  calculate  the  detection  limits  by 
the  IUPAC  method.  The  slope,  m.  as 
calculated  by  a  linear  regression  plot  of  the 
peak  area  (abs-sec)  readings  (shown  in  Table 
IV)  of  the  0.2  to  10  ng/mL  cadmium  standards 
versus  their  concentration  is  51.5  abs-sec/ 
(ng/mL). 

4.7.3.  If  0.75  abs-sec  (sd)  and  51.5  abs-sec/ 
(ng/mL)  (m)  are  used  in  Eqn.  1  (Sect.  4.1.3.). 
the  qualitative  and  quantitative  detection 
limits  as  determined  by  the  IUPAC  method 
are: 

CM=  (3)(0.75  ab8-sec)/(51.5  abs-sec/(ng/mL) 

=  0.044  ng/mL  for  the  qualitative  detection 
limit. 

Cid=  (10)(0.75  abs-sec)/{51.5  abs-sec/(ng/mL) 
=.0.15  ng/mL  for  the  quantitative 
detection  limit. 

The  qualitative  and  quantitative  detection 
limits  for  the  AAS-HGA  analytical  technique 
are  0.44  ng  and  1.5  ng  cadmium,  respectively, 
for  a  10  mL  solution  volume.  These 
correspond,  respectively,  to  0.007  pg/m3and 
0.025  pg/m3  for  a  60  L  air  volume. 

4.7.4.  The  peak  area  (abs-sec)  readings  of 
the  Cd  standards  from  0.2  to  40  ng/mL  and 
the  statistical  analysis  of  the  results  are  given 
in  Table  IV.  The  recommended  standard 
working  range  for  AAS-HGA  analysis  is  0.2 
to  20  ng/mL.  The  standard  of  lowest 
concentration  in  the  recommended  working 
range  is  slightly  greater  than  the  calculated 
quantitative  detection  limit.  0.15  ng/mL.  The 
deviation  from  linearity  of  the  peak  area 
readings  of  the  20  ng/mL  standard,  the 
highest  concentration  standard  in  the 
recommended  working  range,  is 
approximately  10%.  The  deviations  from 
linearity  of  the  peak  area  readings  of  the  30 
and  40  ng/mL  standards  are  significantly 
greater  than  10%.  As  shown  in  Table  IV.  the 
precision  of  the  peak  area  readings  are 
satisfactory  throughout  the  recommended 
working  range:  the  relative  standard 
deviations  of  the  readings  range  from  0.025  to 
0.083. 

4.8.  Analytical  Method  Recovery  for  Flame 
AAS  Analysis 

4.8.1.  Four  sets  of  spiked  MCEF  samples 
were  prepared  by  injecting  20  pL  of  10.  50. 

100  and  200  pg/mL  dilute  cadmium  stock 
solutions  on  37  mm  diameter  filters  (part  no. 
AAWP  037  00.  Millipore  Corp.,  Bedford.  MA) 
with  a  calibrated  micropipet.  The  dilute  stock 
solutions  were  prepared  by  making 
appropriate  serial  dilutions  of  a  commercially 
available  1,000  pg/mL  cadmium  standard 
stock  solution  (RICCA  Chemical  Co..  Lot# 
A102)  with  the  diluting  solution  (4%  HNO», 
0.4%  HC1).  Each  set  contained  six  samples 
and  a  sample  blank.  The  amount  of  cadmium 
in  the  prepared  sets  were  equivalent  to  0.1. 
0.5. 1.0  and  2.0  times  the  TWA  MIL  target 
concentration  of  5  pg/m3  for  a  400  L  air 
volume. 

4.8.2.  The  air-dried  spiked  filters  were 
digested  and  analyzed  for  their  cadmium 
content  by  flame  atomic  absorption 
spectroscopy  (AAS)  following  the  procedure 


described  in  Section  3.  The  0.02  to  2.0p  g/ mL 
cadmium  standards  (the  suggested  working 
range)  were  used  in  the  analysis  of  the  spiked 
filters. 

4.8.3.  The  results  of  the  analysis  are  given 
in  Table  V.  One  result  at  0.5  times  the  TWA 
PEL  target  concentration  was  an  outlier  and 
was  excluded  from  statistical  analysis. 
Experimental  justification  for  rejecting  it  is 
that  the  outlier  value  was  probably  due  to  a 
spiking  error.  The  coefficients  of  variation  for 
the  three  test  levels  at  0.5  to  2.0  times  the 
TWA  PEL  target  concentration  passed  the 
Bartlett's  test  and  were  pooled. 

4.8.4.  The  average  recovery  of  the  six 
spiked  filter  samples  at  0.1  times  the  TWA 
PEL  target  concentration  was  118.2%  with  a 
coefficient  of  variation  (CVi)  of  0.128.  The 
average  recovery  of  the  spiked  filter  samples 
in  the  range  of  0.5  to  2.0  times  the  TWA  target 
concentration  was  104.0%  with  a  pooled 
coefficient  of  variation  (CVi)  of  0.010. 
Consequently,  the  analytical  bias  found  in 
these  spiked  sample  results  over  the  tested 
concentration  range  was  +4.0%  and  the  OAE 
was  ±6.0%. 

4.9.  Analytical  Method  Recovery  for  AAS- 
HGA  Analysis 

4.9.1.  Three  sets  of  spiked  MCEF  samples 
were  prepared  by  injecting  15p  L  of  5, 10  and 
20  pg/mL  dilute  cadmium  stock  solutions  on 
37  mm  diameter  filters  (part  no.  AAWP  037 
00.  Millipore  Corp.,  Bedford.  MA)  with  a 
calibrated  micropipet.  The  dilute  stock 
solutions  were  prepared  by  making 
appropriate  serial  dilutions  of  a  commercially 
available  certified  1,000  pg/mL  cadmium 
standard  stock  solution  (Fisher  Chemical  Co.. 
Lot#  913438-24)  with  the  diluting  solution  (4% 
HN03.  0.4%  HC1).  Each  set  contained  six 
samples  and  a  sample  blank.  The  amount  of 
cadmium  in  the  prepared  sets  were 
equivalent  to  0.5, 1  and  2  times  the  Action 
Level  TWA  target  concentration  of  2.5  pg/m3 
for  a  60  L  air  volume. 

4.9.2.  The  air-dried  spiked  filters  were 
digested  and  analyzed  for  their  cadmium 
content  by  fiameless  atomic  absorption 
spectroscopy  using  a  heated  graphite  furnace 
atomizer  following  the  procedure  described 
in  Section  3.  A  five-fold  dilution  of  the  spiked 
filter  samples  at  2  times  the  Action  Level 
TWA  was  made  prior  to  their  analysis.  The 
0.05  to  20  ng/mL  cadmium  standards  were 
used  in  the  analysis  of  the  spiked  filters. 

4.9.3.  The  results  of  the  analysis  are  given 
in  Table  VI.  There  were  no  outliers.  The 
coefficients  of  variation  for  the  three  test 
levels  at  0.5  to  2.0  times  the  Action  Level 
TWA  PEL  passed  the  Bartlett's  test  and  were 
pooled.  The  average  recovery  of  the  spiked 
filter  samples  was  94.2%  with  a  pooled 
coefficient  of  variation  (CVi)  of  0.043. 
Consequently,  the  analytical  bias  was  —5.8% 
and  the  OAE  was  ±14.2%. 

4.10.  Conclusions 

The  experiments  performed  in  this 
evaluation  show  the  two  atomic  absorption 
analytical  techniques  included  in  this  method 
to  be  precise  and  accurate  and  have 
sufficient  sensitivity  to  measure  airborne 
cadmium  over  a  broad  range  of  exposure 
levels  and  sampling  periods. 
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Table  1.— Co  Detection  Limit  Study 
[Flame  AAS  Analysis] 


Absorbance 
reading  at  228.8 
nm 

Statistical  analysis 

5  2 

n=6. 

4  3 

mean  =  3.50. 

4  3 

std  dev  =  1.05. 

CV=0  30. 

6  6 

n=6. 

2  4 

mean =5.00. 

6  6 

std  dev=  1.67 

CV= 0.335. 

5  7 

n=6. 

7  3 

mean  =  5.50. 

7  4 

std  dev  =  1.76. 

CV  =  0.320. 

7  7 

n=6. 

8  8 

mean  =7.33. 

8  6 

std  dev  =  0.81 7. 

CV=0.111. 

10  9 

n=6.  ! 

10  13 

mean  =  10.3. 

10  10 

std  dev  =1.37.  1 

CV=0.133. 

20  23 

n=6. 

20  22 

mean  =  20.8. 

20  20 

std  dev  =  1 .33. 

CV= 0.064. 

42  42 

n=6. 

42  42 

mean  =  42.5. 

42  45 

std  dev  =1.22. 

CV=0.029. 

84 

n=3. 

80 

mean  =  82.3. 

83 

std  dev =2.08. 

CV= 0.025. 

- - - 

Table  II.— Co  Standard  Working  Range  Study 

[Flame  AAS  Analysts] 
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Table  III.— Co  Detection  Limit  Study 

[AAS-HGA  Analysis] 


STD  (ng/mL) 


Peak  area 
readings  x 
10  5  at 

228.8  nrr. 


Statistical  analysis 


8 

6 

5 

7 

13 

7 

11 

13 

11 

12 

12 

12 

28 

33 

26 

28 

28 

30 

52 

55 

56 

58 

54 

54 

101 

112 

110 

110 

110 

110 

Table  IV.— Co  Standard  Working 
Range  Study 

[AAS-HGA  Analysis] 


Peak  area 

STD  (ng/mL)  rea1*n39|, x  Statistical  analysis 

228.8  nm 


11 

13 

n= 6. 

11 

12 

mean =11. 8. 

12 

12 

std  dev=0.75. 

CV= 0.064. 

28 

33 

n=6. 

26 

28 

mean =28.8. 

28 

30 

std  dev =2.4. 

CV =0.083. 

52 

55 

n=6. 

56 

58 

mean =54.8. 

54 

54 

std  dev =2.0. 

CV= 0.037. 

101 

112 

n=6. 

110 

110 

mean =108.8. 

110 

110 

std  dev =3.9. 

CV=0.036. 

247 

265 

n=6. 

268 

275 

mean =265.5. 

259 

279 

std  dev=11.5. 

CV= 0.044. 

Table  IV.— Co  Standard  Working 
Range  Study— Continued 

[AAS-HGA  Analysis] 


Peak  area 

STD  (ng/mL)  readings^  x  statistical  analysis 

228.8  nm 


n=6. 

mean =51 67. 
std  dev =12.7. 
CV =0.025. 
n=6. 

951  958  mean =941. 8. 

949  890  std  dev =25.6. 

CV =0.027. 
1269  1291  n=6. 

1303  1307  mean =1293. 
1295  1290  std  dev=13.3. 

CV=0.010. 
1505  1567  n=6. 

1535  1567  mean =1552. 
1566  1572  std  dev =26.6 
CV=0.017. 


Table  V.— Analytical  Method  Recovery 

[Flame  AAS  Analysis] 


Test  level 

0.5  X 

1.0X 

2.0  X 

fig  taken 

pg  found 

fig  taken 

pg  found 

Percent  rec. 

fig  found 

Percent  rec. 

1.00 . 

1.0715 

107.2 

2.00 

2.0688 

103.4 

4.00 

4.1504 

103.8 

1  00 . . 

1.0342 

108.4 

2.00 

2.0174 

100.9 

4.00 

4.1108 

102.8 

1.00 . 

1.0842 

108.4 

2.00 

2.0431 

102.2 

4.00 

4.0581 

101.5 

1.00 . 

*1.0081 

*100.8 

2.00 

2.0431 

102.2 

4.00 

4.0844 

102.1 

1.00 . 

1.0715 

107.2 

2.00 

2.0174 

100.9 

4.00 

4.1504 

103.8 

1.00 . 

1.0842 

108.4 

2.00 

2.0045 

100.2 

4.00 

4.1899 

104.7 

n  = 

mean  = 
std  dev= 
CV,= 


CV,  (pcx>led)  =0.010 


*  Rejected  as  an  outlier— this  value  did  not  pass  the  outlier  T-test  at  the  99%  confidence  level. 


0.1  X 

pg  found 


0.2509 

125.5 

0.2509 

125.5 

0.2761 

138.1 

0.2258 

112.9 

0.2258 

112.9 

0.1881 

94.1 
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Table  VI.— Analytical  Methoo  Recovery 

[AAS-HGA  analysis] 


Test  level 

0.5  x 

ng  taken 

ng  found 

Attachment  1 

Instrumental  Parameters  for  Flame  ATS 
Analysis 

Atomic  Absorption  Spectrophotometer 
(Perkin-Elmer  Model  603) 

Flame:  Air/ Acetylene — lean,  blue 
Oxidant  Flow:  55 
Fuel  Flow:  32 
Wavelength:  226.8  nm 


Slit:  4  (0.7  nm) 

Range:  UV 

Signal:  Concentration  (4  exp) 

Integration  Time:  3  sec 

Attachment  2 

Instrumental  Parameters  for  HGA  Analysis 
Atomic  Absorption  Spectrophotometer 
(Perkin-Elmer  Model  5100) 

Signal  Type:  Zeeman  AA 


Slitwidth:  0.7  nm 
Wavelength:  228.8  nm 
Measurement:  Peak  Area 
Integration  Time:  6.0  sec 
BOC  Time:  5  sec 

BOC= Background  Offset  Correction. 


Zeeman  Graphite  Furnace  (Perkin-Elmer  Model  HGA-600) 


1)  Predry . 

2)  Dry . 

3)  Char . . 

4)  Cool  Down 

5)  Atomize _ 

6)  Burnout . 


Temp.  (*CJ 

Argon  flow 
(mL/mm) 

90 

300 

140 

300 

900 

300 

30 

300 

1600 

0 

2500 

300 

Appendix  F  to  § _ :  Nonmandatory 

Protocol  for  Biological  Monitoring 

1.00  Introduction 

Under  the  final  OSHA  cadmium  rule  (29 
CFR  part  1910),  monitoring  of  biological 
specimens  and  several  periodic  medical 
examinations  are  required  for  eligible 
employees.  These  medical  examinations  are 
to  be  conducted  regularly,  and  medical 
monitoring  is  to  include  the  periodic  analysis 
of  cadmium  in  blood  (CDB),  cadmium  in  urine 
(CDU)  and  beta-2-microglobulin  in  urine 
(B2MU).  As  CDU  and  B2MU  are  to  be 
normalized  to  the  concentration  of  creatinine 
in  urine  (CRTU),  then  CRTU  must  be 
analyzed  in  conjunction  with  CDU  and  B2MU 
analyses. 

The  purpose  of  this  protocol  is  to  provide 
procedures  for  establishing  and  maintaining 
the  quality  of  the  results  obtained  from  the 
analyses  of  CDB,  CDU  and  B2MU  by 
commercial  laboratories.  Laboratories 
conforming  to  the  provisions  of  this 
nonmandatory  protocol  shall  be  known  as 
“participating  laboratories."  The  biological 
monitoring  data  from  these  laboratories  will 
be  evaluated  by  physicians  responsible  for 
biological  monitoring  to  determine  the 


conditions  under  which  employees  may 
continue  to  work  in  locations  exhibiting 
airborne-cadmium  concentrations  at  or  above 
defined  actions  levels  (see  paragraphs  (1)(3) 
and  (1)(4)  of  the  final  rule).  These  results  also 
may  be  used  to  support  a  decision  to  remove 
workers  from  such  locations. 

Under  the  medical  monitoring  program  for 
cadmium,  blood  and  urine  samples  must  be 
collected  at  defined  intervals  from  workers 
by  physicians  responsible  for  medical 
monitoring;  these  samples  are  sent  to 
commerical  laboratories  that  perform  the 
required  analyses  and  report  results  of  these 
analyses  to  the  responsible  physicians.  To 
ensure  the  accuracy  and  reliability  of  these 
laboratory  analyses,  the  laboratories  to 
which  samples  are  submitted  should 
participate  in  an  ongoing  and  efficacious 
proficiency  testing  program.  Availability  of 
proficiency  testing  programs  may  vary  with 
the  analyses  performed. 

To  test  proficiency  in  the  analysis  of  CDB. 
CDU  and  B2MU,  a  laboratory  should 
participate  either  in  the  interlaboratory 
comparison  program  operated  by  the  Centre 
de  Toxicologie  du  Quebec  (CTQ)  or  an 
equivalent  program.  (Currently,  no  laboratory 
in  the  U.S.  performs  proficiency  testing  on 


CDB,  CDU  or  B2MU.)  Under  this  program, 
CTQ  sends  participating  laboratories  18 
samples  of  each  analyte  (CDB,  CDU  and/or 
B2MU)  annually  for  analysis.  Participating 
laboratories  must  return  the  results  of  these 
analyses  to  CTQ  within  four  to  five  weeks 
after  receiving  the  samples. 

The  CTQ  program  pools  analytical  results 
from  many  participating  laboratories  to 
derive  consensus  mean  values  for  each  of  the 
samples  distributed.  Results  reported  by  each 
laboratory  then  are  compared  against  these 
consensus  means  for  the  analyzed  samples  to 
determine  the  relative  performance  of  each 
laboratory.  The  proficiency  of  a  participating 
laboratory  is  a  function  of  the  extent  of 
agreement  between  results  submitted  by  the 
participating  laboratory  and  the  consensus 
values  for  the  set  of  samples  analyzed. 

Proficiency  testing  for  CRTU  analysis 
(which  should  be  performed  with  CDU  and 
B2MU  analyses  to  evaluate  the  results 
properly)  also  is  recommended.  In  the  U.S., 
only  the  College  of  American  Pathologists 
(CAP)  currently  conducts  CRTU  proficiency 
testing:  participating  laboratories  should  be 
accredited  for  CRTU  analysis  by  the  CAP. 

Results  of  the  proficiency  evaluations  will 
be  forwarded  to  the  participating  laboratory 
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by  the  proficiency-testing  laboratory,  as  well 
as  to  physicians  designated  by  the 
participating  laboratory  to  receive  this 
information,  in  addition,  the  participating 
laboratory  should,  on  request,  submit  the 
results  of  their  internal  Quality  Assurance/ 
Quality  Control  (QA/QC)  program  for  each 
analytic  procedure  (i.e.,  CDB,  CDU  and/or 
B2MU)  to  physicians  designated  to  receive 
the  proficiency  results.  For  participating 
laboratories  offering  CDU  and/or  B2MU 
analyses,  QA/QC  documentation  also  should 
be  provided  for  CRTU  analysis.  (Laboratories 
should  provide  QA/QC  information  regarding 
CRTU  analysis  directly  to  the  requesting 
physician  if  they  perform  the  analysis  in- 
house;  if  CRTU  analysis  is  performed  by 
another  laboratory  under  contract,  this 
information  should  be  provided  to  the 
physician  by  the  contract  laboratory.) 

QA/QC  information,  along  with  the  actual 
biological  specimen  measurements,  should  be 
provided  to  the  responsible  physician  using 
standard  formats.  These  physicians  then  may 
collate  the  QA/QC  information  with 
proficiency  test  results  to  compare  the 
relative  performance  of  laboratories,  as  well 
as  to  facilitate  evaluation  of  the  worker 
monitoring  data.  This  information  supports 
discretionary  decisions  made  by  the 
physician  with  regard  to  the  biological 
monitoring  program,  and  for  mandating 
medical  removal. 

This  protocol  describes  procedures  that 
may  be  used  by  the  responsible  physicians  to 
identify  laboratories  most  likely  to  be 
proficient  in  the  analysis  of  samples  used  in 
the  biological  monitoring  of  cadmium;  also 
provided  are  procedures  for  record  keeping 
and  reporting  by  laboratories  participating  in 
proficiency  testing  programs,  and 
recommendations  to  assist  these  physicians 
in  interpreting  analytical  results  determined 
by  participating  laboratories.  As  the 
collection  and  handling  of  samples  affects  the 
quality  of  the  data,  recommendations  are 
made  for  these  tasks.  Specifications  for 
analytical  methods  to  be  used  in  the  medical 
monitoring  program  are  included  in  this 
protocol  as  well. 

In  conclusion,  this  document  is  intended  as 
a  supplement  to  characterize  and  maintain 
the  quality  of  medical  monitoring  data 
collected  under  the  final  cadmium  rule 
promulgated  by  OSHA  (29  CFR  part  1910). 
OSHA  has  been  granted  authority  under  the 
Occupational  Safety  and  Health  Act  of  1970 
to  protect  workers  from  the  effects  of 
exposure  to  hazardous  substances  in  the 
work  place  and  to  mandate  adequate 
monitoring  of  workers  to  determine  when 
adverse  health  effects  may  be  occurring.  This 
nonmandatory  protocol  is  intended  to 
provide  guidelines  and  recommendations  to 
improve  the  accuracy  and  reliability  of  the 
procedures  used  to  analyze  the  biological 
samples  collected  as  part  of  the  medical 
monitoring  program  for  cadmium. 

2.0  Definitions 

When  the  terms  below  appear  in  this 
protocol,  use  the  following  definitions. 

Accuracy;  A  measure  of  the  bias  of  a  data 
set.  Bias  is  a  systematic  error  that  is  either 
inherent  in  a  method  or  caused  by  some 
artifact  or  idiosyncracy  of  the  measurement 
system.  Bias  is  characterized  by  a  consistent 


deviation  (positive  or  negative)  in  the  results 
from  an  accepted  reference  value. 

Arithmetic  Mean:  The  sum  of 
measurements  in  a  set  divided  by  the  number 
of  measurements  in  a  set. 

Blind  Samples:  A  quality  control  procedure 
in  which  the  concentration  of  analyte  in  the 
samples  should  be  unknown  to  the  analyst  at 
the  time  that  the  analysis  is  performed. 

Coefficient  of  Variation:  The  ratio  of  the 
standard  deviation  of  a  set  of  measurements 
to  the  mean  (arithmetic  or  geometric)  of  the 
measurements. 

Compliance  Samples:  Samples  from 
exposed  workers  9ent  to  a  participating 
laboratory  for  analysis. 

Control  Charts:  Graphic  representations  of 
the  results  for  quality  control  samples  being 
analyzed  by  a  participating  laboratory. 

Control  Limits:  Statistical  limits  which 
define  when  an  analytic  procedure  exceeds 
acceptable  parameters;  control  limits  provide 
a  method  of  assessing  the  accuracy  of 
analysts,  laboratories,  and  discrete  analytic 
runs. 

Control  Samples:  Quality  control  samples. 
F/T:  The  measured  amount  of  an  analyte 
divided  by  the  theoretical  value  (defined 
below)  for  that  analyte  in  the  sample 
analyzed;  this  ratio  is  a  measure  of  the 
recovery  for  a  quality  control  sample. 

Geometric  Mean:  The  natural  antilog  of  the 
mean  of  a  set  of  natural  log-transformed  data. 

Geometric  Standard  Deviation:  The  antilog 
of  the  standard  deviation  of  a  set  of  natural 
log-transformed  data. 

Limit  of  Detection:  Using  a  predefined  level 
of  confidence,  this  is  the  lowest  measured 
value  at  which  some  of  the  measured 
material  is  likely  to  have  come  from  the 
sample. 

Mean:  A  central  tendency  of  a  set  of  data; 
in  this  protocol,  this  mean  is  defined  as  the 
arithmetic  mean  (see  definition  of  arithmetic 
mean  above)  unless  stated  otherwise. 

Performance:  A  measure  of  the  overall 
quality  of  data  reported  by  a  laboratory. 

Pools:  Groups  of  quality-control  samples  to 
be  established  for  each  target  value  (defined 
below)  of  an  analyte.  For  the  protocol 
provided  in  attachment  3,  for  example,  the 
theoretical  value  of  the  quality  control 
samples  of  the  pool  must  be  within  a  range 
defined  as  plus  or  minus  (±)  50%  of  the  target 
value.  Within  each  analyte  pool,  there  must 
be  quality  control  samples  of  at  least  4 
theoretical  values. 

Precision:  The  extent  of  agreement 
between  repeated,  independent 
measurements  of  the  same  quantity  of  an 
analyte. 

Proficiency:  The  ability  to  satisfy  a 
specified  level  of  analyte  performance. 

Proficiency  Samples:  Specimens,  the  values 
of  which  are  unknown  to  anyone  at  a 
participating  laboratory,  and  which  are 
submitted  by  a  participating  laboratory  for 
proficiency  testing. 

Quality  or  Data  Quality:  A  measure  of  the 
confidence  in  the  measurement  value. 

Quality  Control  (QC)  Samples:  Specimens, 
the  value  of  which  is  unknown  to  the  analyst, 
but  is  known  to  the  appropriate  QA/QC 
personnel  of  a  participating  laboratory;  when 
used  as  part  of  a  laboratory  QA/QC  program, 
the  theoretical  values  of  these  samples 


should  not  be  known  to  the  analyst  until  the 
analyses  are  complete.  QC  samples  are  to  be 
run  in  sets  consisting  of  one  QC  sample  from 
each  pool  (see  definition  of  “pools"  above). 

Sensitivity:  For  the  purposes  of  this 
protocol,  the  limit  of  detection. 

Standard  Deviation:  A  measure  of  the 
distribution  or  spread  of  a  data  set  about  the 
mean;  the  standard  deviation  is  equal  to  the 
positive  square  root  of  the  variance,  and  is 
expressed  in  the  same  units  as  the  original 
measurements  in  the  data  set. 

Standards:  Samples  with  values  known  by 
the  analyst  and  used  to  calibrate  equipment 
and  to  check  calibration  throughout  an 
analytic  run.  In  a  laboratory  QA/QC 
program,  the  values  of  the  standards  must 
exceed  the  values  obtained  for  compliance 
samples  such  that  the  lowest  standard  value 
is  near  the  limit  of  detection  and  the  highest 
standard  is  higher  than  the  highest 
compliance  sample  or  QC  sample.  Standards 
of  at  least  three  different  values  are  to  be 
used  for  calibration,  and  should  be 
constructed  from  at  least  2  different  sources. 

Target  Value:  Those  values  of  CDB,  CDU  or 
B2MU  which  trigger  some  action  as 
prescribed  in  the  medical  surveillance  section 
of  the  regulatory  text  of  the  Final  cadmium 
rule.  For  CDB,  the  target  values  are  5,  7, 10 
and  15  p.g/1.  For  CDU,  the  target  values  are  3, 
5, 10  and  15  p.g/g  CRTU.  For  B2MU,  the  target 
values  are  300,  500, 1000  and  1500  p.g/g 
CRTU.  (Note  that  target  values  may  vary  as  a 
function  of  time.) 

Theoretical  Value  (or  Theoretical  Amount): 
The  reported  concentration  of  a  quality- 
control  sample  (or  calibration  standard) 
derived  from  prior  characterizations  of  the 
sample. 

Value  or  Measurement  Value:  The 
numerical  result  of  a  measurement. 

Variance:  A  measure  of  the  distribution  or 
spread  of  a  data  set  about  the  mean;  the 
variance  is  the  9um  of  the  squares  of  the 
differences  between  the  mean  and  each 
discrete  measurement  divided  by  one  less 
than  the  number  of  measurements  in  the  data 
set. 

3.0  Protocol 

This  protocol  provides  procedures  for 
characterizing  and  maintaining  the  quality  of 
analytic  results  derived  for  the  medical 
monitoring  program  mandated  for  workers 
under  the  final  cadmium  rule. 

3.1  Overview 

The  goal  of  this  protocol  is  to  assure  that 
medical  monitoring  data  are  of  sufficient 
quality  to  facilitate  proper  interpretation.  The 
data  quality  objectives  (DQOs)  defined  for 
the  medical  monitoring  program  are 
summarized  in  Table  1.  Based  on  available 
information,  the  DQOs  presented  in  Table  1 
should  be  achievable  by  the  majority  of 
laboratories  offering  the  required  analyses 
commercially;  OSHA  recommends  that  only 
laboratories  meeting  these  DQOs  be  used  for 
the  analysis  of  biological  samples  collected 
for  monitoring  cadmium  exposure. 
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Table  1— Recommended  Data  Quality  Objectives  (DQOs)  for  the  Cadmium  Medical  Monitoring  Program 


Analyte/concentration  pool 


Umit  of  detection 


Precision 
(CV)  (%) 


Cadmium  in  urine. 

<2  fxg/l  creatinine - - 

>2  fig/l  creatinine . . . 

0-2-microglobulin  in  urine:  100  j^g/g  creatine 


±1  ng/l  or  15%  of  the  mean. 


5  ±15%  of  the  mean. 


To  satisfy  the  DQOs  presented  in  Table  1, 
OSHA  provides  the  following  guidelines: 

1.  Procedures  for  the  collection  and 
handling  of  blood  and  urine  are  specified 
(Section  3.4.1  of  this  protocol): 

2.  Preferred  analytic  methods  for  the 
analysis  of  CDB,  CDU  and  B2MU  are  defined 
(and  a  method  for  the  determination  of  CRTU 
also  is  specified  since  CDU  and  B2MU  results 
are  to  be  normalized  to  the  level  of  CRTU). 

3.  Procedures  are  described  for  identifying 
laboratories  likely  to  provide  the  required 
analyses  in  an  accurate  and  reliable  manner; 

4.  These  guidelines  (Sections  3.2.1  to  3.2.3, 
and  Section  3.3)  include  recommendations 
regarding  internal  QA/QC  programs  for 
participating  laboratories,  as  well  as  levels  of 
proficiency  through  participation  in  an 
interlaboratory  proficiency  program: 

5.  Procedures  for  QA/QC  record  keeping 
(Section  3.3.2),  and  for  reporting  QC/QA 
results  are  described  (Section  3.3.3);  and, 

6.  Procedures  for  interpreting  medical 
monitoring  results  are  specified  (Section 
3.4.3). 

Methods  recommended  for  the  biological 
monitoring  of  eligible  workers  are: 

1.  The  method  of  Stoeppler  and  Brandt 
(1980)  for  CDB  determinations  (limit  of 
detection:  0.5  fig/1); 

2.  The  method  of  Pruszkowska  et  al.  (1983) 
for  CDU  determinations  (limit  of  detection: 
0.5  p.g/1  of  urine);  and, 

3.  The  Pharmacia  Delphia  test  kit 
(Pharmacia  1990)  for  the  determination  of 
B2MU  (limit  of  detection:  100  fig/1  urine). 

Because  both  CDU  and  B2MU  should  be 
reported  in  fig/g  CRTU,  an  independent 
determination  of  CRTU  is  recommended. 
Thus,  both  the  OSHA  Salt  Lake  City  - 
Technical  Center  (OSLTC)  method  (OSHA, 
no  date)  and  the  ]affe  method  (Du  Pont,  no 
date)  for  the  determination  of  CRTU  are 
specified  under  this  protocol  (i.e.,  either  of 
these  2  methods  may  be  used).  Note  that 
although  detection  limits  are  not  reported  for 
either  of  these  CRTU  methods,  the  range  of 
measurements  expected  for  CRTU  (0.9-1. 7 
fig/1)  are  well  above  the  likely  limit  of 
detection  for  either  of  these  methods 
(Harrison,  1987). 

Laboratories  using  alternate  methods 
should  submit  sufficient  data  to  the 
responsible  physicians  demonstrating  that 
the  alternate  method  is  capable  of  satisfying 
the  defined  data  quality  objectives  of  the 
program.  Such  laboratories  also  should 
submit  a  QA/QC  plan  that  documents  the 
performance  of  the  alternate  method  in  a 
manner  entirely  equivalent  to  the  QA/QC 
plans  proposed  in  Section  3.3.1. 

3.2  Duties  of  the  Responsible  Physician 


The  responsible  physician  will  evaluate 
biological  monitoring  results  provided  by 
participating  laboratories  to  determine 
whether  such  laboratories  are  proficient  and 
have  satisfied  the  QA/QC  recommendations. 
A  requirement  of  the  medical  monitoring 
program  mandated  under  the  cadmium  rule  is 
that  responsible  physicians  have  the  duty  to 
employ  laboratories  to  perform  the  required 
CDB,  CDU  and  B2MU  analyses  of  biological 
samples  collected  from  eligible  workers 
(paragraph  (l)(l)(iv)  of  the  final  rule).  In 
determining  which  laboratories  to  employ  for 
this  purpose,  these  physicians  should  review 
proficiency  and  QA/QC  data  submitted  to 
them  by  the  participating  laboratories. 

Participating  laboratories  should 
demonstrate  proficiency  for  each  analyte 
(CDU,  CDB  and  B2MU)  sampled  under  the 
biological  monitoring  program.  Participating 
laboratories  involved  in  analyzing  CDU  and 
B2MU  also  should  demonstrate  proficiency 
for  CRTU  analysis,  or  provide  evidence  of  a 
contract  with  a  laboratory  proficient  in  CRTU 
analysis. 

3.2.1  Recommendations  for  Selecting  Among 
Existing  Laboratories 

OSHA  recommends  that  existing 
laboratories  providing  commercial  analyses 
for  CDB,  CDU  and/or  B2MU  for  the  medical 
monitoring  program  satisfy  the  following 
criteria: 

1.  Should  have  performed  commercial 
analyses  for  the  appropriate  analyte  (CDB, 
CDU  and/or  B2MU)  on  a  regular  basis  over 
the  last  2  years; 

2.  Should  provide  the  responsible  physician 
with  an  internal  QA/QC  plan; 

3.  If  performing  CDU  or  B2MU  analyses, 
the  participating  laboratory  should  be 
accredited  by  the  CAP  for  CRTU  analysis, 
and  should  be  enrolled  in  the  corresponding 
CAP  survey  (note  that  alternate  credentials 
may  be  acceptable,  but  acceptability  is  to  be 
determined  by  the  responsible  physician); 
and, 

4.  Should  have  enrolled  in  the  CTQ 
interlaboratory  comparison  program  for  the 
appropriate  analyte  (CDB,  CDU  and/or 
B2MU). 

Participating  laboratories  should  submit 
appropriate  documentation  demonstrating 
compliance  with  the  above  criteria  to  the 
responsible  physician.  To  demonstrate 
compliance  with  the  first  of  the  above 
criteria,  participating  laboratories  should 
submit  the  following  documentation  for  each 
analyte  they  plan  to  analyze  (note  that  each 
document  should  cover  a  period  of  at  least  8 
consecutive  quarters,  and  that  the  period 
designated  by  the  term  "regular  analyses”  is 
at  least  once  a  quarter): 


1.  Copies  of  laboratory  reports  providing 
results  from  regular  analyses  of  the 
appropriate  analyte  (CDB,  CDU  and/or 
B2MU); 

2.  Copies  of  1  or  more  signed  and  executed 
contracts  for  the  provision  of  regular 
analyses  of  the  appropriate  analyte  (CDB, 
CDU  and/or  B2MU):  or, 

3.  Copies  of  invoices  sent  to  1  or  more 
clients  requesting  payment  for  the  provision 
of  regular  analyses  of  the  appropriate  analyte 
(CDB,  CDU  and/or  B2MU).  Whatever  the 
form  of  documentation  submitted,  the  specific 
analytic  procedures  conducted  should  be 
identified  directly.  The  forms  that  are  copied 
for  submission  to  the  responsible  physician 
also  should  identify  the  laboratory  which 
provided  these  analyses. 

To  demonstrate  compliance  with  the 
second  of  the  above  criteria,  a  laboratory 
should  submit  to  the  responsible  physician  an 
internal  QA/QC  plan  detailing  the  standard 
operating  procedures  to  be  adopted  for 
satisfying  the  recommended  QA/QC 
procedures  for  the  analysis  of  each  specific 
analyte  (CDB,  CDU  and/or  B2MU). 
Procedures  for  internal  QA/QC  programs  are 
detailed  in  Section  3.3.1  below. 

To  satisfy  the  third  of  the  above  criteria, 
laboratories  analyzing  for  CDU  or  B2MU  also 
should  submit  a  QA/QC  plan  for  creatinine 
analysis  (CRTU);  the  QA/QC  plan  and 
characterization  analyses  for  CRTU  must 
come  from  the  laboratory  performing  the 
CRTU  analysis,  even  if  the  CRTU  analysis  is 
being  performed  by  a  contract  laboratory. 

Laboratories  enrolling  in  the  CTQ  program 
(to  satisfy  the  last  of  the  above  criteria)  must 
remit,  with  the  enrollment  application,  an 
initial  fee  of  approximately  $100  per  analyte. 
(Note  that  this  fee  is  only  an  estimate,  and  is 
subject  to  revision  without  notice.) 
Laboratories  should  indicate  on  the 
application  that  they  agree  to  have 
proficiency  test  results  sent  by  the  CTQ 
directly  to  the  physicians  designated  by 
participating  laboratories. 

Once  a  laboratory's  application  is 
processed  by  the  CTQ,  the  laboratory  will  be 
assigned  a  code  number  which  will  be 
provided  to  the  laboratory  on  the  initial 
confirmation  form,  along  with  identification 
of  the  specific  analytes  for  which  the 
laboratory  is  participating.  Confirmation  of 
participation  will  be  sent  by  the  CTQ  to 
physicians  designated  by  the  applicant 
laboratory. 
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3.2.2  Recommended  Review  of  Laboratories 
Selected  to  Perform  Analyses 

Six  months  after  being  selected  initially  to 
perform  analyte  determinations,  the  status  of 
participating  laboratories  should  be  reviewed 
by  the  responsible  physicians.  Such  reviews 
should  then  be  repeated  every  6  months  or 
whenever  additional  proficiency  or  QA/QC 
documentation  is  received  (whichever  occurs 
first). 

As  soon  as  the  responsible  physician  has 
received  the  CTQ  results  from  the  first  3 
rounds  of  proficiency  testing  (i.e..  3  sets  of  3 
samples  each  for  CDB.  CDU  and/or  B2MU) 
for  a  participating  laboratory,  the  status  of 
the  laboratory's  continued  participation 
should  be  reviewed.  Over  the  same  initial  6- 
month  period,  participating  laboratories  also 
should  provide  responsible  physicians  the 
results  of  their  internal  QA/QC  monitoring 
program  used  to  assess  performance  for  each 
analyte  (COB,  CDU  and/or  B2MU)  for  which 
the  laboratory  performs  determinations.  This 
information  should  be  submitted  using 
appropriate  forms  and  documentation. 

The  status  of  each  participating  laboratory 
should  be  determined  for  each  analyte  (i.e.. 
whether  the  laboratory  satisfies  minimum 
proficiency  guidelines  based  on  the 
proficiency  samples  sent  by  the  CTQ  and  the 
results  of  the  laboratory's  internal  QA/QC 
program).  To  maintain  competency  for 
analysis  of  CDB,  CDU  and/or  B2MU  during 
the  first  review,  the  laboratory  should  satisfy 
performance  requirements  for  at  least  2  of  the 
3  proficiency  samples  provided  in  each  of  the 
3  rounds  completed  over  the  8-month  period. 
Proficiency  should  be  maintained  for  the 
analyte(s)  for  which  the  laboratory  conducts 
determinations. 

To  continue  participation  for  CDU  and/or 
B2MU  analyse,  laboratories  also  should 
either  maintain  accreditation  for  CRTU 
analysis  in  the  CAP  program  and  participate 
in  the  CAP  surveys,  or  they  should  contract 
the  CDU  and  B2MU  analyses  to  a  laboratory 
which  satisfies  these  requirements  (or  which 
can  provide  documentation  of  accreditation/ 
participation  in  an  equivalent  program). 

The  performance  requirement  for  CDB 
analysis  is  defined  as  an  analytical  result 
within  ±1  jxg/1  blood  or  15%  of  the  consensus 
mean  (whichever  is  greater).  For  samples 
exhibiting  a  consensus  mean  less  than  1  p.g/1, 
the  performance  requirement  is  defined  as  a 
concentration  between  the  detection  limit  of 
the  analysis  and  a  maximum  of  2  pg/1.  The 
purpose  for  redefining  the  acceptable  interval 
for  low  CDB  values  is  to  encourage  proper 
reporting  of  the  actual  values  obtained  during 
measurement;  laboratories,  therefore,  will  not 
be  penalized  (in  terms  of  a  narrow  range  of 
acceptability)  for  reporting  measured 
concentrations  smaller  than  1  p.g/1. 

The  performance  requirement  for  CDU 
analysis  is  defined  as  an  analytical  result 
within  ±1  pg/1  urine  or  15%  of  the  consensus 
mean  (whichever  is  greater).  For  samples 
exhibiting  a  consensus  mean  less  than  1  pg/1 
urine,  the  performance  requirement  is  defined 
as  a  concentration  between  the  detection 
limit  of  the  analysis  and  a  maximum  of  2  pg/1 
urine.  Laboratories  also  should  demonstrate 
proficiency  in  creatinine  analysis  as  defined 
by  the  CAP.  Note  that  reporting  CDU  results, 
other  than  for  the  CTQ  proficiency  samples 


(i.e„  compliance  samples),  should  be 
accompanied  with  results  of  analyses  for 
CRTU,  and  these  2  sets  of  results  should  be 
combined  to  provide  a  measure  of  CDU  in 
units  of  pg/g  CRTU. 

The  performance  requirement  for  B2MU  is 
defined  as  analytical  results  within  ±  15%  of 
the  consensus  mean.  Note  that  reporting 
B2MU  results,  other  than  for  CTQ  proficiency 
samples  (i.e..  compliance  samples),  should  be 
accompanied  with  results  of  analyses  for 
CRTU.  and  these  2  sets  of  results  should  be 
combined  to  provide  a  measure  of  B2MU  in 
units  of  pg/g  CRTU. 

There  are  no  recommended  performance 
checks  for  CRTU  analyses.  As  stated 
previously,  laboratories  performing  CRTU 
analysis  in  support  of  CDU  or  B2MU  analyses 
should  be  accredited  by  the  CAP,  and 
participating  in  the  CAP'S  survey  for  CRTU. 

Following  the  first  review,  the  status  of 
each  participating  laboratory  should  be 
reevaluated  at  regular  intervals  (i.e., 
corresponding  to  receipt  of  results  from  each 
succeeding  round  of  proficiency  testing  and 
submission  of  reports  from  a  participating 
laboratory’s  internal  QA/QC  program). 

After  a  year  of  collecting  proficiency  test 
results,  the  following  proficiency  criterion 
should  be  added  to  the  set  of  criteria  used  to 
determine  the  participating  laboratory's 
status  (for  analyzing  CDB,  CDU  and/or 
B2MU):  A  participating  laboratory  should  not 
fail  performance  requirements  for  more  than 
4  samples  from  the  6  most  recent  consecutive 
rounds  used  to  assess  proficiency  for  CDB, 
CDU  and/or  B2MU  separately  (i.e.,  a  total  of 
18  discrete  proficiency  samples  for  each 
analyte).  Note  that  this  requirement  does  not 
replace,  but  supplements,  the 
recommendation  that  a  laboratory  should 
satisfy  the  performance  criteria  for  at  least  2 
of  the  3  samples  tested  for  each  round  of  the 
program. 

3.2.3  Recommendations  for  Selecting  Among 
Newly-Formed  Laboratories  (or  Laboratories 
that  Previously  Failed  to  Meet  the  Protocol 
Guidelines) 

OSHA  recommends  that  laboratories  that 
have  not  previously  provided  commercial 
analyses  of  CDB,  CDU  and/or  B2MU  (or  have 
done  so  for  a  period  less  than  2  years),  or 
which  have  provided  these  analyses  for  2  or 
more  years  but  have  not  conformed 
previously  with  these  protocol  guidelines, 
should  satisfy  the  following  provisions  for 
each  analyte  for  which  determinations  are  to 
be  made  prior  to  being  selected  to  analyze 
biological  samples  under  the  medical 
monitoring  program; 

1.  Submit  to  the  responsible  physician  an 
internal  QA/QC  plan  detailing  the  standard 
operating  procedures  to  be  adopted  for 
satisfying  the  QA/QC  guidelines  (guidelines 
for  internal  QA/QC  programs  are  detailed  in 
Section  3.3.1); 

2.  Submit  to  the  responsible  physician  the 
results  of  the  initial  characterization  analyses 
for  each  analyte  for  which  determinations  are 
to  be  made; 

3.  Submit  to  the  responsible  physician  the 
results,  for  the  initial  6-month  period,  of  the 
internal  QA/QC  program  for  each  analyte  for 
which  determinations  are  to  be  made  (if  no 
commercial  analyses  have  been  conducted 
previously,  a  minimum  of  2  mock 


standardization  trials  for  each  analyte  should 
be  completed  per  month  for  a  8-month 
period); 

4.  Enroll  in  the  CTQ  program  for  the 
appropriate  analyte  for  which  determinations 
are  to  be  made,  and  arrange  to  have  the  CTQ 
program  submit  the  initial  confirmation  of 
participation  and  proficiency  test  results 
directly  to  the  designated  physicians.  Note 
that  the  designated  physician  should  receive 
results  from  3  completed  rounds  from  the 
CTQ  program  before  approving  a  laboratory 
for  participation  in  the  biological  monitoring 
program; 

5.  Laboratories  seeking  participation  for 
CDU  and/or  B2MU  analyses  should  submit  to 
the  responsible  physician  documentation  of 
accreditation  by  the  CAP  for  CRTU  analyses 
performed  in  conjunction  with  CDU  and/or 
B2MU  determinations  (if  CRTU  analyses  are 
conducted  by  a  contract  laboratory,  this 
laboratory  should  submit  proof  of  CAP 
accreditation  to  the  responsible  physician); 
and. 

6.  Documentation  should  be  submitted  on 
an  appropriate  form. 

To  participate  in  CDB,  CDU  and/or  B2MU 
analyses,  the  laboratory  should  satisfy  the 
above  criteria  for  a  minimum  of  2  of  the  3 
proficiency  samples  provided  in  each  of  the  3 
rounds  of  the  CTQ  program  over  a  8-month 
period;  this  procedure  should  be  completed 
for  each  appropriate  analyte.  Proficiency 
should  be  maintained  for  each  analyte  to 
continue  participation.  Note  that  laboratories 
seeking  participation  for  CDU  or  B2MU  also 
should  address  the  performance  requirements 
for  CRTU,  which  involves  providing  evidence 
of  accreditation  by  the  CAP  and  participation 
in  the  CAP  surveys  (or  an  equivalent 
program). 

The  performance  requirement  for  CDB 
analysis  is  defined  as  an  analytical  result 
within  ±1  pg/1  or  15%  of  the  consensus  mean 
(whichever  is  greater).  For  samples  exhibiting 
a  consensus  mean  less  than  1  pg/1,  the 
performance  requirement  is  defined  as  a 
concentration  between  the  detection  limit  of 
the  analysis  and  a  maximum  of  2  pg/1.  The 
purpose  of  redefining  the  acceptable  interval 
for  low  CDB  values  is  to  encourage  proper 
reporting  of  the  actual  values  obtained  during 
measurement;  laboratories,  therefore,  will  not 
be  penalized  (in  terms  of  a  narrow  range  of 
acceptability)  for  reporting  measured 
concentrations  less  than  1  pg/1. 

The  performance  requirement  for  CDU 
analysis  is  defined  as  an  analytical  result 
within  ±1  pg/1  urine  or  15%  of  the  consensus 
mean  (whichever  is  greater).  For  samples 
exhibiting  a  consensus  mean  less  than  1  pg/1 
urine,  the  performance  requirement  is  defined 
as  a  concentration  that  falls  between  the 
detection  limit  of  the  analysis  and  a 
maximum  of  2  pg/1  urine.  Performance 
requirements  for  the  companion  CRTU 
analysis  (defined  by  the  CAP)  also  should  be 
met.  Note  that  reporting  CDU  results,  other 
than  for  CTQ  proficiency  testing  (i.e., 
compliance  samples),  should  be  accompanied 
with  results  of  CRTU  analyses,  and  these  2 
sets  of  results  should  be  combined  to  provide 
a  measure  of  CDU  in  units  of  pg/g  CRTU. 

The  performance  requirement  for  B2MU  is 
defined  as  an  analytical  result  within  ±15% 
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of  the  consensus  mean.  Note  that  reporting 
B2MU  results,  other  than  for  CTQ  proficiency 
testing  (i.e.,  compliance  samples),  should  be 
accompanied  with  results  of  CRTU  analysis, 
these  2  sets  of  results  should  be  combined  to 
provide  a  measure  of  B2MU  in  units  of  pg/g 
CRTU. 

Once  a  new  laboratory  has  been  approved 
by  the  responsible  physician  for  conducting 
analyte  determinations,  the  status  of  this 
approval  should  be  reviewed  periodically  by 
the  responsible  physician  as  per  the  criteria 
presented  under  Section  3.2.2. 

Laboratories  which  have  failed  previously 
to  gain  approval  of  the  responsible  physician 
for  conducting  determinations  of  1  or  more 
analytes  due  to  lack  of  compliance  with  the 
criteria  defined  above  for  existing 
laboratories  (Section  3.2.1),  may  obtain 
approval  by  satisfying  the  criteria  for  newly- 
formed  laboratories  defined  under  this 
section;  for  these  laboratories,  the  second  of 
the  above  criteria  may  be  satisfied  by 
submitting  a  new  set  of  characterization 
analyses  for  each  analyte  for  which 
determinations  are  to  be  made. 

Reevaluation  of  these  laboratories  is 
discretionary  on  the  part  of  the  responsible 
physician.  Reevaluation,  which  normally 
takes  about  6  months,  may  be  expedited  if 
the  laboratory  can  achieve  100%  compliance 
with  the  proficiency  test  criteria  using  the  6 
samples  of  each  analyte  submitted  to  the 
CTQ  program  during  the  first  2  rounds  of 
proficiency  testing. 

For  laboratories  seeking  reevaluation  for 
CDU  or  B2MU  analysis,  the  guidelines  for 
CRTU  analyses  also  should  be  satisfied, 
including  accreditation  for  CRTU  analysis  by 
the  CAP,  and  participation  in  the  CAP  survey 
program  (or  accreditation/participation  in  an 
equivalent  program). 

3.2.4  Future  Modifications  to  the  Protocol 
Guidelines 

As  participating  laboratories  gain 
experience  with  analyses  for  CDB,  CDU  and 
B2MU,  it  is  anticipated  that  the  performance 
achievable  by  the  majority  of  laboratories 
should  improve  until  it  approaches  that 
reported  by  the  research  groups  which 
developed  each  method.  OSHA,  therefore, 
may  choose  to  recommend  stricter 
performance  guidelines  in  the  future  as  the 
overall  performance  of  participating 
laboratories  improves. 

3.3  Guidelines  for  Record  Keeping  and 
Reporting 

To  comply  with  these  guidelines, 
participating  laboratories  should  satisfy  the 
above-stated  performance  and  proficiency 
recommendations,  as  well  as  the  following 
internal  QA/QC,  record  keeping,  and 
reporting  provisions. 

If  a  participating  laboratory  fails  to  meet 
the  provisions  of  these  guidelines,  it  is 
recommended  that  the  responsible  physician 
disapprove  further  analyses  of  biological 
samples  by  that  laboratory  until  it 
demonstrates  compliance  with  these 
guidelines.  On  disapproval,  biological 
samples  should  be  sent  to  a  laboratory  that 
can  demonstrate  compliance  with  these 
guidelines,  at  least  until  the  former  laboratory 
is  reevaluated  by  the  responsible  physician 
and  found  to  be  in  compliance. 


The  following  record  keeping  and  reporting 
procedures  should  be  practiced  by 
participating  laboratories. 

3.3.1  Internal  Quality  Assurance/Quality 
Control  Procedures 

Laboratories  participating  in  the  cadmium 
monitoring  program  should  develop  and 
maintain  an  internal  quality  assurance/ 
quality  control  (QA/QC)  program  that 
incorporates  procedures  for  establishing  and 
maintaining  control  for  each  of  the  analytic 
procedures  (determinations  of  CDB,  CDU 
and/or  B2MU)  for  which  the  laboratory  is 
seeking  participation.  For  laboratories 
analyzing  CDU  and/or  B2MU,  a  QA/QC 
program  for  CRTU  also  should  be 
established. 

Written  documentation  of  QA/QC 
procedures  should  be  described  in  a  formal 
QA/QC  plan;  this  plan  should  contain  the 
following  information:  Sample  acceptance 
and  handling  procedures  (i.e.,  chain-of- 
custody):  sample  preparation  procedures; 
instrument  parameters;  calibration 
procedures;  and,  calculations.  Documentation 
of  QA/QC  procedures  should  be  sufficient  to 
identify  analytical  problems,  define  criteria 
under  which  analysis  of  compliance  samples 
will  be  suspended,  and  describe  procedures 
for  corrective  actions. 

3.3.1.1  QA/QC  procedures  for  establishing 
control  of  CDB  and  CDU  analyses 

The  QA/QC  program  for  CDB  and  CDU 
should  address,  at  a  minimum,  procedures 
involved  in  calibration,  establishment  of 
control  limits,  internal  QC  analyses  and 
maintaining  control,  and  corrective-action 
protocols.  Participating  laboratory  should 
develop  and  maintain  procedures  to  assure 
that  analyses  of  compliance  samples  are 
within  control  limits,  and  that  these 
procedures  are  documented  thoroughly  in  a 
QA/QC  plan. 

A  nonmandatory  QA/QC  protocol  is 
presented  in  Attachment  1.  This  attachment 
is  illustrative  of  the  procedures  that  should 
be  addressed  in  a  proper  QA/QC  program. 

Calibration.  Before  any  analytic  runs  are 
conducted,  the  analytic  instrument  should  be 
calibrated.  Calibration  should  be  performed 
at  the  beginning  of  each  day  on  which  QC 
and/or  compliance  samples  are  run.  Once 
calibration  is  established,  QC  or  compliance 
samples  may  be  run.  Regardless  of  the  type  of 
samples  run,  about  every  fifth  sample  should 
serve  as  a  standard  to  assure  that  calibration 
is  being  maintained. 

Calibration  is  being  maintained  if  the 
standard  is  within  ±15%  of  its  theoretical 
value.  If  a  standard  is  more  than  +  ±15%  of 
its  theoretical  value,  the  run  has  exceeded 
control  limits  due  to  calibration  error;  the 
entire  set  of  samples  then  should  be 
reanalyzed  after  recalibrating  or  the  results 
should  be  recalculated  based  on  a  statistical 
curve  derived  from  that  set  of  standards. 

It  is  essential  that  the  value  of  the  highest 
standard  analyzed  be  higher  than  the  highest 
sample  analyzed;  it  may  be  necessary, 
therefore,  to  run  a  high  standard  at  the  end  of 
the  run,  which  has  been  selected  based  on 
results  obtained  over  the  course  of  the  run 
(i.e.,  higher  than  any  standard  analyzed  to 
that  point). 


Standards  should  be  kept  fresh;  as  samples 
age.  they  should  be  compared  with  new 
standards  and  replaced  if  necessary. 

Internal  Quality  Control  Analyses.  Internal 
QC  samples  should  be  determined 
interspersed  with  analyses  of  compliance 
samples.  At  a  minimum,  these  samples 
should  be  run  at  a  rate  of  5%  of  the 
compliance  samples  or  2  samples  per  analytic 
run,  whichever  is  greater.  If  only  2  samples 
are  run,  they  should  contain  different  levels 
of  cadmium. 

Internal  QC  samples  may  be  obtained  as 
commercially-available  reference  materials 
and/or  they  may  be  internally  prepared. 
Internally-prepared  samples  should  be  well 
characterized  and  traced,  or  compared  to  a 
reference  material  for  which  a  consensus 
value  is  available. 

Levels  of  cadmium  contained  in  QC 
samples  should  not  be  known  to  the  analyst 
prior  to  reporting  the  results  of  the  analysis. 

Internal  QC  results  should  be  plotted  or 
charted  in  a  manner  which  describes  sample 
recovery  and  laboratory  control  limits. 

Internal  Control  Limits.  The  laboratory 
protocol  for  evaluating  internal  QC  analyses 
per  control  limits  should  be  clearly  defined. 
Limits  may  be  based  on  statistical  methods 
(e.g.,  as  2o-  from  the  laboratory  mean 
recovery),  or  on  proficiency  testing  limits 
(e.g.,  ±2  pg  or  15%  of  the  mean,  whichever  is 
greater).  Statistical  limits  that  exceed  ±40% 
should  be  reevaluated  to  determine  the 
source  error  in  the  analysis. 

When  laboratory  limits  are  exceeded, 
analytic  work  should  terminate  until  the 
source  of  error  is  determined  and  corrected: 
compliance  samples  affected  by  the  error 
should  be  reanalyzed.  In  addition,  the 
laboratory  protocol  should  address  any 
unusual  trends  that  develop  which  may  be 
biasing  the  results.  Numerous,  consecutive 
results  above  or  below  laboratory  mean 
recoveries,  or  outside  laboratory  statistical 
limits,  indicate  that  problems  may  have 
developed. 

Corrective  Actions.  The  QA/QC  plan 
should  document  in  detail  specific  actions 
taken  if  control  limits  are  exceeded  or 
unusual  trends  develop.  Corrective  actions 
should  be  noted  on  an  appropriate  form, 
accompanied  by  supporting  documentation. 

In  addition  to  these  actions,  laboratories 
should  include  whatever  additional  actions 
are  necessary  to  assure  that  accurate  data 
are  reported  to  the  responsible  physicians. 

Reference  Materials.  The  following 
reference  materials  may  be  available: 
Cadmium  in  Blood  (CDB) 

1.  Centre  de  Toxicologie  du  Quebec,  Le 
Centre  Hospitalier  de  l’Universite  Laval,  2705 
boul.  Laurier,  Quebec,  Que.,  Canada  GlV 
4G2.  (Prepared  8  times  per  year  at  1-15  pg 
Cd/1.) 

2.  H.  Merchandise,  Community  Bureau  of 
Reference-BCR.  Directorate  General  XII. 
Commission  of  the  European  Communities, 
200,  rue  de  la  Loi,  B-1049,  Brussels,  Belgium. 
(Prepared  as  B1  CBM-1  at  5.37  pg  Cd/1,  and  B1 
CBM-2  at  12.38  pg  Cd/1.) 

3.  Kaulson  Laboratories  Inc.,  691 
Bloomfield  Ave.,  Caldwell,  NJ  07006;  tel:  (201) 
226-9494,  FAX  (201)  226-3244.  (Prepared  as 
#0141  [As,  Cd,  Hg,  Pb]  at  2  levels.) 
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Cadmium  in  Urine  (CDU)  * 

1.  Centre  de  Toxicologie  du  Quebec,  Le 
Centre  Hospitalier  de  l'Universite  Laval,  2705 
boul.  Laurier,  Quebec,  Que.,  Canada  GlV 
4G2.  (Prepared  6  times  per  year.) 

2.  National  Institute  of  Standards  and 
Technology  (NIST),  Dept  of  Commerce, 
Gaithersburg.  MD;  tei:  (301)  975-6778. 
(Prepared  as  SFM  2870  freeze-dried  urine 
[metals];  set  includes  normal  and  elevated 
levels  of  metals;  cadmium  is  certified  for 
elevated  level  of  88.0  p.g/1  in  reconstituted 
urine.) 

3.  Kaulson  Laboratories  Inc.,  691 
Bloomfield  Ave.,  Caldwell.  NJ  07008;  tel:  (201) 
226-9494,  FAX  (201)  226-3244.  (Prepared  as 
#0140  [As,  Cd,  Hg,  Pb]  at  2  levels.) 

3.3.1.2  QA/QC  procedures  for  establishing 
control  of  B2MU 

A  written,  detailed  QA/QC  plan  for  B2MU 
analysis  should  be  developed.  The  QA/QC 
plan  should  contain  a  protocol  similar  to 
those  protocols  developed  for  the  CDB/CDU 
analyses.  Differences  in  analyses  may 
warrant  some  Ifferences  in  the  QA/QC 
protocol,  but  procedures  to  ensure  analytical 
integrity  should  be  developed  and  followed. 

Examples  of  performance  summaries  that 
can  be  provided  include  measurements  of 
accuracy  (i.e.,  the  means  of  measured  values 


versus  target  values  for  the  control  samples) 
and  precision  (i.e.,  based  on  duplicate 
analyses).  It  is  recommended  that  the 
accuracy  and  precision  measurements  be 
compared  to  those  reported  as  achievable  by 
the  Pharmacia  Delphia  kit  (Pharmacia  1990) 
to  determine  if  and  when  unsatisfactory 
analyses  have  arisen.  If  the  measurement 
error  of  1  or  more  of  the  control  samples  is 
more  than  15%,  the  run  exceeds  control  limits. 
Similarly,  this  decision  is  warranted  when 
the  average  CV  for  duplicate  samples  is 
greater  than  5%. 

3.3.2  Procedures  for  Record  Keeping 

To  satisfy  reporting  requirements  for 
commercial  analyses  of  CDB,  CDU  and/or 
B2MU  performed  for  the  medical  monitoring 
program  mandated  under  the  cadmium  rule, 
participating  laboratories  should  maintain  the 
following  documentation  for  each  analyte: 

1.  For  each  analytic  instrument  on  which 
analyte  determinations  are  made,  records 
relating  to  the  most  recent  calibration  and 
QC  sample  analyses; 

2.  For  these  instruments,  a  tabulated  record 
for  each  analyte  of  those  determinations 
found  to  be  within  and  outside  of  control 
limits  over  the  past  2  years; 

3.  Results  for  the  previous  2  years  of  the 
QC  sample  analyses  conducted  under  the 


internal  QA/QC  program  (this  information 
should  be:  Provided  for  each  analyte  for 
which  determinations  are  made  and  for  each 
analytic  instrument  used  for  this  purpose, 
sufficient  to  demonstrate  that  internal  QA/ 
QC  programs  are  being  executed  properly, 
and  consistent  with  data  sent  to  responsible 
physicians. 

4.  Duplicate  copies  of  monitoring  results  for 
each  analyte  sent  to  clients  during  the 
previous  5  years,  as  well  as  associated 
information;  supporting  material  such  as 
chain-of-custody  forms  also  should  be 
retained;  and, 

5.  Proficiency  test  results  and  related 
materials  received  while  participating  in  the 
CTQ  interlaboratory  program  over  the  past  2 
years;  results  also  should  be  tabulated  to 
provide  a  serial  record  of  relative  error 
(derived  per  Section  3.3.3  below). 

3.3.3  Reporting  Procedures 

Participating  laboratories  should  maintain 
these  documents:  QA/QC  program  plans: 
QA/QC  status  reports;  CTQ  proficiency 
program  reports;  and,  analytical  data  reports. 
The  information  that  should  be  included  in 
these  reports  is  summarized  in  Table  2:  a 
copy  of  each  report  should  be  sent  to  the 
responsible  physician. 


Table  2.— Reporting  Procedures  for  Laboratories  Participating  in  the  Cadmium  Medical  Monitoring  Program 


Report 

1  QA/QC  Program  Plan ... 

2  QA/QC  Status  Report- 

3  Proficiency  Report . 

4  Analytical  Data  Report.. 


Frequency  (time  frame) 


Contents 


Once  (initially) . 

Every  2  months . 

Attached  to  every  data  report 


For  all  reports  of  data  results 


A  detailed  description  of  the  QA/QC  protocol  to  be  established  by  the  laboratory  to 
maintain  control  of  analyte  determinations. 

Results  of  the  QC  samples  incorporated  into  regular  runs  for  each  Instrument  (over 
the  period  since  the  last  report). 

Results  from  the  last  full  year  of  proficiency  samples  submitted  to  the  CTQ  program 
and  Results  of  the  100  most  recent  QC  samples  incorporated  into  regular  runs  for 
each  instrument. 

Date  the  sample  was  received:  Date  the  sample  was  analyzed;  Appropriate  chain-of- 
custody  information;  Types  of  analyses  performed;  Results  of  the  requested 
analyses  and  Copy  of  the  most  current  proficiency  report. 


As  noted  in  Section  3.3.1,  a  QA/QC 
program  plan  should  be  developed  that 
documents  internal  QA/QC  procedures 
(defined  under  Section  3.3.1)  to  be 
implemented  by  the  participating  laboratory 
for  each  analyte;  this  plan  should  provide  a 
list  identifying  each  instrument  used  in 
making  analyte  determinations. 

A  QA/QC  status  report  should  be  written 
bimonthly  for  each  analyte.  In  this  report,  the 
results  of  the  QC  program  during  the 
reporting  period  should  be  reported  for  each 
analyte  in  the  following  manner  The  number 
(N)  of  QC  samples  analyzed  during  the 
period;  a  table  of  the  target  levels  defined  for 
each  sample  and  the  corresponding  measured 
values;  the  mean  of  F/T  value  (as  defined 
below)  for  the  set  of  QC  samples  run  during 
the  period;  and,  use  of  X±2 or  (as  defined 
below)  for  the  set  of  QC  samples  run  during 
the  period  as  a  measure  of  precision. 

As  noted  in  Section  2,  an  F/T  value  for  a 
QC  sample  is  the  ratio  of  the  measured 
concentration  of  analyte  to  the  established 
(i.e.,  reference)  concentration  of  analyte  for 
that  QC  sample.  The  equation  below 
describes  the  derivation  of  the  mean  for  F/T 
values,  X: 


V  -  E(F/T) 


The  standard  deviation,  tr,  for  these 
measurements  is  derived  using  the  following 
equation  (note  that  2<r  is  twice  this  value): 


O  = 


E(f/t-x)2 

n-1 


_i 

2 


The  nonmandatory  QA/QC  protocol  (see 
Attachment  3)  indicates  that  QC  samples 
should  be  divided  into  several  discrete  pools, 
and  a  separate  estimate  of  precision  for  each 
pools  then  should  be  derived.  Several 
precision  estimates  should  be  provided  for 
concentrations  which  differ  in  average  value. 
These  precision  measures  may  be  used  to 
document  improvements  in  performance  with 
regard  to  the  combined  pool. 

Participating  laboratories  should  use  the 
CTQ  proficiency  program  for  each  analyte. 
Results  of  the  this  program  will  be  sent  by 
CTQ  directly  to  physicians  designated  by  the 
participating  laboratories.  Proficiency  results 


from  the  CTQ  program  are  used  to  establish 
the  accuracy  of  results  from  each 
participating  laboratory,  and  should  be 
provided  to  responsible  physicians  for  use  in 
trend  analysis.  A  proficiency  report 
consisting  of  these  proficiency  results  should 
accompany  data  reports  as  an  attachment. 

For  each  analyte,  the  proficiency  report 
should  include  the  results  from  the  6  previous 
proficiency  rounds  in  the  following  format: 

1.  Number  (N)  of  samples  analyzed; 

2.  Mean  of  the  target  levels,  (l/N)ZT,.  with 
T,  being  a  consensus  mean  for  the  sample; 

3.  Mean  of  the  measurements,  (l/NJXM,, 
with  M,  being  a  sample  measurement; 

4.  A  measure  of  error  defined  by: 
(1/N)2(T,— Mt)« 

Analytical  data  reports  should  be 
submitted  to  responsible  physicians  directly. 
For  each  sample,  report  the  following 
information:  The  date  the  sample  was 
received;  the  date  the  sample  was  analyzed: 
appropriate  chain-of-custody  information;  the 
type(s)  of  analyses  performed;  and,  the 
results  of  the  analyses.  This  information 
should  be  reported  on  a  form  similar  to  the 
form  provided  an  appropriate  form.  The  most 
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recent  proficiency  program  report  should 
accompany  the  analytical  data  reports  (as  an 
attachment). 

Confidence  intervals  for  the  analytical 
results  should  be  reported  as  X±2 <r,  with  X 
being  the  measured  value  and  2 <r  the 
standard  deviation  calculated  as  described 
above. 

For  CDU  or  B2MU  results,  which  are 
combined  with  CRTU  measurements  for 
proper  reporting,  the  95%  confidence  limits 
are  derived  from  the  limits  for  CDU  or  B2MU, 
(p),  and  the  limits  for  CRTU,  (q),  as  follows: 

|±(^)(V>xp^x^q^ 

For  these  calculations,  X±p  is  the 
measurement  and  confidence  limits  for  CDU 
or  B2MU,  and  Y±q  is  the  measurement  and 
confidence  limit  for  CRTU. 

Participating  laboratories  should  notify 
responsible  physicians  as  soon  as  they 
receive  information  indicating  a  change  in 
their  accreditation  status  with  the  CTQ  or  the 
CAP.  These  physicians  should  not  be 
expected  to  wait  until  formal  notice  of  a 
status  change  has  been  received  from  the 
CTQ  or  the  CAP. 

3.4  Instructions  to  Physicians 
Physicians  responsible  for  the  medical 
monitoring  of  cadmium-exposed  workers 
must  collect  the  biological  samples  from 
workers;  they  then  should  select  laboratories 
to  perform  the  required  analyses,  and  should 
interpret  the  analytic  results. 

3.4.1  Sample  Collection  and  Holding 
Procedures 

Blood  Samples.  The  following  procedures 
are  recommended  for  the  collection,  shipment 
and  storage  of  blood  samples  for  CDB 
analysis  to  reduce  analytical  variability; 
these  recommendations  were  obtained 
primarily  through  personal  communications 
with  J.P.  Weber  of  the  CTQ  (1991),  and  from 
reports  by  the  Centers  for  Disease  Control 
(CDC,  1986)  and  Stoeppler  and  Brandt  (1980). 

To  the  extent  possible,  blood  samples 
should  be  collected  from  workers  at  the  same 
time  of  day.  Workers  should  shower  or 
thoroughly  wash  their  hands  and  arms  before 
blood  samples  are  drawn.  The  following 
materials  are  needed  for  blood  sample 
collection:  Alcohol  wipes;  sterile  gauze 
sponges;  band-aids;  20-gauge,  1.5-in.  stainless 
steel  needles  (sterile);  preprinted  labels; 
tourniquets;  vacutainer  holders;  3-ml  “metal 
free"  vacutainer  tubes  (i.e.,  dark-blue  caps), 
with  EDTA  as  an  anti-coagulant;  and, 
styrofoam  vacutainer  shipping  containers. 

Whole  blood  samples  are  taken  by 
venipuncture.  Each  blue-capped  tube  should 
be  labeled  or  coded  for  the  worker  and 
company  before  the  sample  is  drawn.  (Blue- 
capped  tubes  are  recommended  instead  of 
red-capped  tubes  because  the  latter  may 
consist  of  red  coloring  pigment  containing 
cadmium,  which  could  contaminate  the 
samples.)  Immediately  after  sampling,  the 
vacutainer  tubes  must  be  thoroughly  mixed 
by  inverting  the  tubes  at  least  10  times 
manually  or  mechanically  using  a  Vortex 
device  (for  15  sec).  Samples  should  be 
refrigerated  immediately  or  stored  on  ice 


until  they  can  be  packed  for  shipment  to  the 
participating  laboratory  for  analysis. 

The  CDC  recommends  that  blood  samples 
be  shipped  with  a  “cool  pak"  to  keep  the 
samples  cold  during  shipment.  However,  the 
CTQ  routinely  ships  and  receives  blood 
samples  for  cadmium  analysis  that  have  not 
been  kept  cool  during  shipment.  The  CTQ  has 
found  no  deterioration  of  cadmium  in 
biological  fluids  that  were  shipped  via  parcel 
post  without  a  cooling  agent,  even  though 
these  deliveries  often  take  2  weeks  to  reach 
their  destination. 

Urine  Samples.  The  following  are 
recommended  procedures  for  the  collection, 
shipment  and  storage  of  urine  for  CDU  and 
B2MU  analyses,  and  were  obtained  primarily 
through  personal  communications  with  J.P. 
Weber  of  the  CTQ  (1991),  and  from  reports  by 
the  CDC  (1986)  and  Stoeppler  and  Brandt 
(1980). 

Single  “spot"  samples  are  recommended. 

As  B2M  can  degrade  in  the  bladder,  workers 
should  first  empty  their  bladder  and  then 
drink  a  large  glass  of  water  at  the  start  of  the 
visit.  Urine  samples  then  should  be  collected 
within  1  hour.  Separate  samples  should  be 
collected  for  CDU  and  B2MU  using  the 
following  materials:  Sterile  urine  collection 
cups  (250  ml);  small  sealable  plastic  bags; 
preprinted  labels;  15-ml  polypropylene  or 
polyethylene  screw-cap  tubes;  lab  gloves 
(“metal  free”);  and,  preservatives  (as 
indicated). 

The  sealed  collection  cup  should  be  kept  in 
the  plastic  bag  until  collection  time.  The 
workers  should  wash  their  hands  with  soap 
and  water  before  receiving  the  collection  cup. 
The  collection  cup  should  not  be  opened  until 
just  before  voiding  and  the  cup  should  be 
sealed  immediately  after  filling.  It  is 
important  that  the  inside  of  the  container  and 
cap  are  not  touched  by,  or  come  into  contact 
with,  the  body,  clothing  or  other  surfaces. 

For  CDU  analyzes,  the  cup  is  swirled  gently 
to  resuspend  any  solids,  and  the  15-ml  tube  is 
filled  with  10-12  ml  urine.  The  CDC 
recommends  the  addition  of  100  pi 
concentrated  HNO.  as  a  preservative  before 
sealing  the  tube  and  then  freezing  the  sample. 
The  CTQ  recommends  minimal  handling  and 
does  not  acidify  their  interlaboratory  urine 
reference  materials  prior  to  shipment,  nor  do 
they  freeze  the  sample  for  shipment.  At  the 
CTQ,  if  the  urine  sample  has  much  sediment, 
the  sample  is  acidified  in  the  lab  to  free  any 
cadmium  in  the  precipitate. 

For  B2M,  the  urine  sample  should  be 
collected  directly  into  a  polyethylene  bottle 
previously  washed  with  dilute  nitric  acid. 

The  pH  of  the  urine  should  be  measured  and 
adjusted  to  8.0  with  0.1  N  NaOH  immediately 
following  collection.  Samples  should  be 
frozen  and  stored  at  -20°C  until  testing  is 
performed.  The  B2M  in  the  samples  should  be 
stable  for  2  days  when  stored  at  2-8°C,  and 
for  at  least  2  months  at  -20°C.  Repeated 
freezing  and  thawing  should  be  avoided  to 
prevent  denaturing  the  B2M  (Pharmacia 
1990). 

3.4.2  Recommendations  for  Evaluating 
Laboratories 

Using  standard  error  data  and  the  results 
of  proficiency  testing  obtained  from  CTQ, 
responsible  physicians  can  make  an  informed 
choice  of  which  laboratory  to  select  to 


analyze  biological  samples.  In  general, 
laboratories  with  small  standard  errors  and 
little  disparity  between  target  and  measured 
values  tend  to  make  precise  and  accurate 
sample  determinations.  Estimates  of 
precision  provided  to  the  physicians  with 
each  set  of  monitoring  results  can  be 
compared  to  previously-reported  proficiency 
and  precision  estimates.  The  latest  precision 
estimates  should  be  at  least  as  small  as  the 
standard  error  reported  previously  by  the 
laboratory.  Moreover,  there  should  be  no 
indication  that  precision  is  deteriorating  (i.e., 
increasing  values  for  the  precision  estimates). 
If  precision  is  deteriorating,  physicians  may 
decide  to  use  another  laboratory  for  these 
analyses.  QA/QC  information  provided  by 
the  participating  laboratories  to  physicians 
can,  therefore,  assist  physicians  in  evaluating 
laboratory  performance. 

3.4.3  Use  and  Interpretation  of  Results 

When  the  responsible  physician  has 
received  the  CDB,  CDU  and/or  B2MU  results, 
these  results  must  be  compared  to  the  action 
levels  discussed  in  the  final  rule  for  cadmium. 
The  comparison  of  the  sample  results  to 
action  levels  is  straightforward.  The 
measured  value  reported  from  the  laboratory 
can  be  compared  directly  to  the  action  levels; 
if  the  reported  value  exceeds  an  action  level, 
the  required  actions  must  be  initiated. 

4.0  Background 

Cadmium  is  a  naturally-occurring 
environmental  contaminant  to  which  humans 
are  continually  exposed  in  food,  water,  and 
air.  The  average  daily  intake  of  cadmium  by 
the  U.S.  population  is  estimated  to  be  10-20 
pg/day.  Most  of  this  intake  is  via  ingestion, 
for  which  absorption  is  estimated  at  4-7% 
(Kowal  et  al.  1979).  An  additional 
nonoccupational  source  of  cadmium  is 
smoking  tobacco;  smoking  a  pack  of 
cigarettes  a  day  adds  an  additional  2-4  pg 
cadmium  to  the  daily  intake,  assuming 
absorption  via  inhalation  of  25-35% 

(Nordberg  and  Nordberg  1988;  Friberg  and 
Elinder  1988;  Travis  and  Haddock  1980). 

Exposure  to  cadmium  fumes  and  dusts  in 
an  occupational  setting  where  air 
concentrations  are  20-60  pg/m3  results  in  an 
additional  daily  intake  of  several  hundred 
micrograms  (Friberg  and  Elinder  1988,  p.  563). 
In  such  a  setting,  occupational  exposure  to 
cadmium  occurs  primarily  via  inhalation, 
although  additional  exposure  may  occur 
through  the  ingestion  of  material  via 
contaminated  hands  if  workers  eat  or  smoke 
without  first  washing.  Some  of  the  particles 
that  are  inhaled  initially  may  be  ingested 
when  the  material  is  deposited  in  the  upper 
respiratory  tract,  where  it  may  be  cleared  by 
mucociliary  transport  and  subsequently 
swallowed. 

Cadmium  introduced  into  the  body  through 
inhalation  or  ingestion  is  transported  by  the 
albumin  fraction  of  the  blood  plasma  to  the 
liver,  where  it  accumulates  and  is  stored 
principally  as  a  bound  form  complexed  with 
the  protein  metallothionein.  Metallothionein- 
bound  cadmium  is  the  main  form  of  cadmium 
subsequently  transported  to  the  kidney;  it  is 
these  2  organs,  the  liver  and  kidney,  in  which 
the  majority  of  the  cadmium  body  burden 
accumulates.  As  much  as  one  half  of  the  total 
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body  burden  of  cadmium  may  be  found  in  the 
kidneys  (Nordberg  and  Nordberg  1988). 

Once  cadmium  has  entered  the  body, 
elimination  is  slow;  about  0.02%  of  the  body 
burden  is  excreted  per  day  via  urinary/fecai 
elimination.  The  whole-body  half-life  of 
cadmium  is  10-35  years,  decreasing  slightly 
with  increasing  age  (Travis  and  Haddock 
1980). 

The  continual  accumulation  of  cadmium  is 
the  basis  for  its  chronic  noncarcinogenic 
toxicity.  This  accumulation  makes  the  kidney 
the  target  organ  in  which  cadmium  toxicity 
usually  is  first  observed  (Piscator  1964). 

Renal  damage  may  occur  when  cadmium 
levels  in  the  kidney  cortex  approach  200  pg/g 
wet  tissue-weight  (Travis  and  Haddock  1980). 

The  kinetics  and  internal  distribution  of 
cadmium  in  the  body  are  complex,  and 
depend  on  whether  occupational  exposure  to 
cadmium  is  ongoing  or  has  terminated.  In 
general,  cadmium  in  blood  is  related 
principally  to  recent  cadmium  exposure, 
while  cadmium  in  urine  reflects  cumulative 
exposure  (i.e.,  total  body  burden)  (Lauwerys 
et  al.  1976;  Friberg  and  Elinder  1988). 

4.1  Health  Effects 

Studies  of  workers  in  a  variety  of 
industries  indicate  that  chronic  exposure  to 
cadmium  may  be  linked  to  several  adverse 
health  effects  including  kidney  dysfunction, 
reduced  pulmonary  function,  chronic  lung 
disease  and  cancer  (Federal  Register  1990). 

The  primary  sites  for  cadmium-associated 
cancer  appear  to  be  the  lung  and  the  prostate. 

Cancer.  Evidence  for  an  association 
between  cancer  and  cadmium  exposure 
comes  from  both  epidemiological  studies  and 
animal  experiments.  Pott  (1965)  found  a 
statistically  significant  elevation  in  the 
incidence  of  prostate  cancer  among  a  cohort 
of  cadmium  workers.  Other  epidemiology 
studies  also  report  an  elevated  incidence  of 
prostate  cancer;  however,  the  increases 
observed  in  these  other  studies  were  not 
statistically  significant  (Meridian  Research. 
Inc.  1989). 

One  study  (Thun  et  al.  1985)  contains 
sufficiently  quantitative  estimates  of 
cadmium  exposure  to  allow  evaluation  of 
dose-response  relationships  between 
cadmium  exposure  and  lung  cancer.  A 
statistically  significant  excess  of  lung  cancer 
attributed  to  cadmium  exposure  was  found  in 
this  study,  even  after  accounting  for 
confounding  variables  such  as  coexposure  to 
arsenic  and  smoking  habits  (Meridian 
Research,  Inc.  1989). 

Evidence  for  quantifying  a  link  between 
lung  cancer  and  cadmium  exposure  comes 
from  a  single  study  (Takenaka  et  al.  1983).  In 
this  study,  dose-response  relationships 
developed  from  animal  data  were 
extrapolated  to  humans  using  a  variety  of 
models.  OSHA  chose  the  multistage  risk 
model  for  estimating  the  risk  of  cancer  for 
humans  using  these  animal  data.  Animal 
injection  studies  also  suggest  an  association 
between  cadmium  exposure  and  cancer, 
particularly  observations  of  an  increased 
incidence  of  tumors  at  sites  remote  from  the 
point  of  injection.  The  International  Agency 
for  Research  on  Cancer  (LARC)  (Supplement 
7, 1987)  indicates  that  this,  and  related, 
evidence  is  sufficient  to  classify  cadmium  as 
an  animal  carcinogen.  However,  the  results  of 


these  injection  studies  cannot  be  used  to 
quantify  risks  attendant  to  human 
occupational  exposures  due  to  differences  in 
routes  of  exposure  (Meridian  Research.  Inc. 
1989). 

Based  on  the  above-cited  studies,  the  U.S. 
Environmental  Protection  Agency  (EPA) 
classifies  cadmium  as  “Bl,”  a  probable 
human  carcinogen  (USEPA 1985).  LARC  in 
1987  recommended  that  cadmium  be  listed  as 
a  probable  human  carcinogen. 

Kidney  Dysfunction.  The  most  prevalent 
nonmalignant  effect  observed  among  workers 
chronically  exposed  to  cadmium  is  kidney 
dysfunction.  Initially,  such  dysfunction  is 
manifested  by  proteinuria  (Meridian 
Research,  Inc.  1989;  Roth  Associates,  Inc. 

1989).  Proteinuria  associated  with  cadmium 
exposure  is  most  commonly  characterized  by 
excretion  of  low-molecular  weight  proteins 
(15,000-40,000  MW),  accompanied  by  loss  of 
electrolytes,  uric  acid,  calcium,  amino  acids, 
and  phosphate.  Proteins  commonly  excreted 
include  /3-2-microglobulin  (B2M),  retinol¬ 
binding  protein  (RBP),  immunoglobulin  light 
chains,  and  lysozyme.  Excretion  of  low 
molecular  weight  proteins  is  characteristic  of 
damage  to  the  proximal  tubules  of  the  kidney 
(Iwao  et  al.  1980). 

Exposure  to  cadmium  also  may  lead  to 
urinary  excretion  of  high-molecular  weight 
proteins  such  as  albumin,  immunoglobulin  G, 
and  glycoproteins  (Meridian  Research,  Inc. 
1989;  Roth  Associates.  Inc.  1989).  Excretion  of 
high-molecular  weight  proteins  is  indicative 
of  damage  to  the  glomeruli  of  the  kidney. 
Bernard  et  al.  (1979)  suggest  that  cadmium- 
associated  damage  to  the  glomeruli  and 
damage  to  the  proximal  tubules  of  the  kidney 
develop  independently  of  each  other,  but  may 
occur  in  the  same  individual. 

Several  studies  indicate  that  the  onset  of 
low-moleouiar  weight  proteinuria  is  a  sign  of 
irreversible  kidney  damage  (Friberg  et  al. 

1974;  Roels  et  al.  1982;  Piscator  1984;  Elinder 
et  al.  1985;  Smith  et  al.  1986).  For  many 
workers,  once  sufficiently  elevated  levels  of 
B2M  are  observed  in  association  with 
cadmium  exposure,  such  levels  do  not  appear 
to  return  to  normal  even  when  cadmium 
exposure  is  eliminated  by  removal  of  the 
worker  from  the  cadmium-contaminated 
work  environment  (Friberg,  exhibit  29, 1990). 

Some  studies  indicate  that  cadmium- 
induced  proteinuria  may  be  progressive; 
levels  of  B2MU  increase  even  after  cadmium 
exposure  has  ceased  (Elinder  et  al.  1985). 
Other  researchers  have  reached  similar 
conclusions  (Frieburg  testimony,  OSHA 
docket  exhibit  29,  Elinder  testimony.  OSHA 
docket  exhibit  55.  and  OSHA  docket  exhibits 
8-66B).  Such  observations  are  not  universal, 
however  (Smith  et  al.  1986;  Tsuchiya  1976). 
Studies  in  which  proteinuria  has  not  been 
observed,  however,  may  have  initiated  the 
reassessment  too  early  (Meridian  Research. 
Inc.1989;  Roth  Associates,  Inc.  1989;  Roels 
1989). 

A  quantitative  assessment  of  the  risks  of 
developing  kidney  dysfunction  as  a  result  of 
cadmium  exposure  was  performed  using  the 
data  from  Ellis  et  al.  (1984)  and  Falck  et  al. 
(1983).  Meridian  Research,  Inc.  (1989)  and 
Roth  Associates,  Inc.  (1989)  employed  several 
mathematical  models  to  evaluate  the  data 
from  the  2  studies,  and  the  results  indicate 


that  cumulative  cadmium  exposure  levels 
between  5  and  100  pg-years/m*  correspond 
with  a  one-in-a-thousand  probability  of 
developing  kidney  dysfunction. 

When  cadmium  exposure  continues  past 
the  onset  of  early  kidney  damage  (manifested 
as  proteinuria),  chronic  nephrotoxicity  may 
occur  (Meridian  Research,  Inc.  1969;  Roth 
Associates,  Inc  1989).  Uremia,  which  is  the 
loss  of  the  glomerulus'  ability  to  adequately 
filter  blood,  may  result.  This  condition  leads 
to  severe  disturbance  of  electrolyte 
concentrations,  which  may  result  in  various 
clinical  complications  including 
atherosclerosis,  hypertension,  pericarditis, 
anemia,  hemorrhagic  tendencies,  deficient 
cellular  immunity,  bone  changes,  and  other 
problems.  Progression  of  the  disease  may 
require  dialysis  or  a  kidney  transplant. 

Studies  in  which  animals  are  chronically 
exposed  to  cadmium  confirm  the  renal  effects 
observed  in  humans  (Friberg  et  al.  1986). 
Animal  studies  also  confirm  cadmium-related 
problems  with  calcium  metabolism  and 
associated  skeletal  effects,  which  also  have 
been  observed  among  humans.  Other  effects 
commonly  reported  in  chronic  animal  studies 
include  anemia,  changes  in  liver  morphology, 
immunosuppression  and  hypertension.  Some 
of  these  effects  may  be  associated  with 
cofactors;  hypertension,  for  example,  appears 
to  be  associated  with  diet,  as  well  as  with 
cadmium  exposure.  Animals  injected  with 
cadmium  also  have  shown  testicular 
necrosis. 

4.2  Objectives  for  Medical  Monitoring 

In  keeping  with  the  observation  that  renal 
disease  tends  to  be  the  earliest  clinical 
manifestation  of  cadmium  toxicity,  the  final 
cadmium  standard  mandates  that  eligible 
workers  must  be  medically  monitored  to 
prevent  this  condition  (as  well  aB  cadmimum- 
induced  cancer).  The  objectives  of  medical¬ 
monitoring,  therefore,  are  to;  Identify  workers 
at  significant  risk  of  adverse  health  effects 
from  excess,  chronic  exposure  to  cadmium: 
prevent  future  cases  of  cadmium-induced 
disease;  detect  and  minimize  existing 
cadmium-induced  disease;  and,  identify 
workers  most  in  need  of  medical 
intervention. 

The  overall  goal  of  the  medical  monitoring 
program  is  to  protect  workers  who  may  be 
exposed  continuously  to  cadmium  over  a  45- 
year  occupational  lifespan.  Consistent  with 
this  goal,  the  medical  monitoring  program 
should  assure  that: 

1.  Current  exposure  levels  remain 
sufficiently  low  to  prevent  the  accumulation 
of  cadmium  body  burdens  sufficient  to  cause 
disease  in  the  future  by  monitoring  CDB  as  an 
indicator  of  recent  cadmium  exposure; 

2.  Cumulative  body  burdens,  especially 
among  workers  with  undefined  historical 
exposures,  remain  below  levels  potentially 
capable  of  leading  to  damage  and  disease  by 
assessing  CDU  as  an  indicator  of  cumulative 
exposure  to  cadmium;  and. 

3.  Health  effects  are  not  occurring  among 
exposed  workers  by  determining  B2MU  as  an 
early  indicator  of  the  onset  of  cadmium- 
induced  kidney  disease. 
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4.3  Indies  ora  of  Cadmium  Exposure  and 
Disease 

Cadmium  is  present  in  whole  blood  bound 
to  albumin,  in  erythrocytes,  and  as  a 
metallothionein-cadmium  complex.  The 
metallothionein-cadmium  complex  that 
represents  the  primary  transport  mechanism 
for  cadmium  delivery  to  the  kidney.  CDB 
concentrations  in  the  general,  nonexposed 
population  average  1  pg  Cd/1  whole  blood, 
with  smokers  exhibiting  higher  levels  (see 
Section  5.1. 8).  Data  presented  in  Section  5.1.6 
8 hows  that  95%  of  the  general  population  not 
occupationally  exposed  to  cadmium  have 
CDB  levels  less  than  5  fig  Cd/1. 

If  total  body  burdens  of  cadmium  remain 
low,  CDB  concentrations  indicate  recent 
exposure  (i.e.,  daily  intake).  This  conclusion 
is  based  on  data  showing  that  cigarette 
smokers  exhibit  CDB  concentrations  of  2-7 
fig/l  depending  on  the  number  of  cigarettes 
smoked  per  day  (Nordberg  and  Nordberg 
1988),  while  CDB  levels  for  those  who  quit 
smoking  return  to  general  population  values 
(approximately  1  pg/1)  within  several  weeks 
(Lauwerys  et  al.  1976).  Based  on  these 
observations.  Lauwerys  et  al.  (1976) 
concluded  that  CDB  has  a  biological  half-life 
of  a  few  weeks  to  less  than  3  months.  As 
indicated  in  Section  3.14),  the  uppeT  95th 
percentile  for  CDB  levels  observed  among 
those  who  are  not  occupationally  exposed  to 
cadmium  is  5  fig/l,  which  suggests  that  the 
absolute  upper  limit  to  the  range  reported  for 
smokers  by  Nordberg  and  Nordberg  may 
have  been  affected  by  an  extreme  value  (i.e., 
beyond  2cr  above  the  mean). 

Among  occupationally-exposed  workers, 
the  occupational  history  of  exposure  to 
cadmium  must  be  evaluated  to  interpret  CDB 
levels.  New  workers,  or  workers  with  low 
exposures  to  cadmium,  exhibit  CDB  levels 
that  are  representative  of  recent  exposures, 
similar  to  the  general  population.  However, 
for  workers  with  a  history  of  chronic 
exposure  to  cadmium,  who  have  accumulated 
significant  stores  of  cadmium  in  the  kidneys/ 
liver,  part  of  the  CDB  concentrations  appear 
to  indicate  body  burden.  If  such  workers  are 
removed  from  cadmium  exposure,  their  CDB 
levels  remain  elevated,  possibly  for  years, 
reflecting  prior  long-term  accumulation  of 
cadmium  in  body  tissues.  This  condition 
tends  to  occur,  however,  only  beyond  some 
threshold  exposure  value,  and  possibly 
indicates  the  capacity  of  body  tissues  to 
accumulate  cadmium  which  cannot  be 
excreted  readily  (Friberg  and  Elinder  1988; 
Nordberg  and  Nordberg  1968). 

CDU  is  widely  used  as  an  indicator  of 
cadmium  body  burdens  (Nordberg  and 
Nordberg  1988).  CDU  is  the  ma)or  route  of 
elimination  and,  when  CDU  is  measured,  it  is 
commonly  expressed  either  as  fig  Cd/1  urine 
(unadjusted),  fig  Cd/1  urine  (adjusted  for 
specific  gravity),  or  fig  Cd/g  CRTU  (see 
Section  5.2.1).  The  metabolic  model  for  CDU 
is  less  complicated  than  CDB,  since  CDU  is 
dependentin  large  part  on  the  body  (i.e., 
kidney)  burden  of  cadmium.  However,  a 
small  proportion  of  CDU  still  be  attributed  to 
recent  cadmium  exposure,  particularly  if 
exposure  to  high  airborne  concentrations  of 
cadmium  occurred.  Note  that  CDU  is  subject 
to  larger  inperindividual  and  day-to-day 
variations  than  CDB,  so  repeated 


measurements  are  recommended  for  CDU 
evaluations. 

CDU  is  bound  principally  to 
metallothionein,  regardless  of  whether  the 
cadmium  originates  from  metallothionein  in 
plasma  or  from  the  cadmium  pool 
accumulated  in  the  renal  tubules.  Therefore, 
measurement  of  metallothionein  in  urine  may 
provide  information  similar  to  CDU,  while 
avoiding  the  contamination  problems  that 
may  occur  during  collection  and  handling 
urine  for  cadmium  analysis  (Nordberg  and 
Nordberg  1988).  However,  a  commercial 
method  for  the  determination  of 
metallothionein  at  the  sensitivity  levels 
required  under  the  final  cadmium  rule  is  not 
currently  available:  therefore,  analysis  of 
CDU  is  recommended. 

Among  the  general  population  not 
occupationally  exposed  to  cadmium,  CDU 
levels  average  less  than  1  pg/1  (see  Section 
5.2.7).  Normalized  for  creatinine  (CRTU),  the 
average  CDU  concentration  of  the  general 
population  is  less  than  1  fig/g  CRTU.  As 
cadmium  accumulates  over  the  lifespan,  CDU 
increases  with  age.  Also,  cigarette  smokers 
may  eventually  accumulate  twice  the 
cadmium  body  burden  of  nonsmokers.  CDU 
is  slightly  higher  in  smokers  than  in 
nonsmokers,  even  several  years  after 
smoking  cessation  (Nordberg  and  Nordberg 
1988).  Despite  variations  due  to  age  and 
smoking  habits,  95%  of  those  not 
occupationally  exposed  to  cadmium  exhibit 
levels  of  CDU  less  than  3  fig/g  CRTU  (based 
on  the  data  presented  in  Section  5.2.7). 

About  0.02%  of  the  cadmium  body  burden 
is  excreted  daily  in  urine.  When  the  critical 
cadmium  concentration  (about  200  ppm)  in 
the  kidney  is  reached,  or  if  there  is  sufficient 
cadmium-induced  kidney  dysfunction, 
dramatic  increases  in  CDU  are  observed 
(Nordberg  and  Nordberg  1988).  Above  200 
ppm,  therefore,  CDU  concentrations  cease  to 
be  an  indicator  of  cadmium  body  burden,  and 
are  instead  an  index  of  kidney  failure. 

Proteinuria  is  an  index  of  kidney 
dysfunction,  and  is  defined  by  OSHA  to  be  a 
materia)  impairment.  Several  small  proteins 
may  be  monitored  as  markers  for  proteinuria. 
Below  levels  indicative  of  proteinuria,  these 
small  proteins  may  be  early  indicators  of 
increased  risk  of  cadmium-induced  renal 
tubular  disease.  Analytes  useful  for 
monitoring  cadmium-induced  renal  tubular 
damage  include: 

1.  /3-2-Microglobulin  (B2M),  currently  the 
most  widely  used  assay  for  detecting  kidney 
dysfunction,  is  the  best  characterized  analyte 
available  (Iwao  et  al.  1980:  Chia  et  al.  1989); 

2.  Retinol  Binding  Protein  (RBP)  is  more 
stable  than  B2M  in  acidic  urine  (i.e.,  B2M 
breakdown  occurs  if  urinary  pH  is  less  than 
5.5;  such  breakdown  may  result  in  false  [i.e., 
low)  B2M  values  [Bernard  and  Lauwerys, 
1990]); 

3.  N-Acetyl-B-Glucosaminidase  (NAG)  is 
the  analyte  of  an  assay  that  is  simple, 
inexpensive,  reliable,  and  correlates  with 
cadmium  levels  under  10  pg/g  CRTU,  but  the 
assay  is  less  sensitive  than  RBP  or  B2M 
(Kawada  et  al.  1989); 

4.  Metallothionein  (MT)  correlates  with 
cadmium  and  B2M  levels,  and  may  be  a 
better  predictor  of  cadmium  exposure  than 
CDU  and  B2M  (Kawada  et  al.  1989); 


5.  Tamm-Horefall  Glycoprotein  (THG) 
increases  slightly  with  elevated  cadmium 
levels,  but  this  elevation  is  small  compared  to 
increases  in  urinary  albumin,  RBP,  or  B2M 
(Bernard  and  Lauwerys  1990); 

8.  Albumin  (ALB),  determined  by  the  biuret 
method,  is  not  sufficiently  sensitive  to  serve 
as  an  early  indicator  of  the  onset  of  renal 
disease  (Piscator  1962); 

7.  Albumin  (ALB),  determined  by  the 
Amido  Black  method,  is  sensitive  and 
reproducible,  but  involves  a  time-consuming 
procedure  (Piscator  1962); 

8.  Glycosaminoglycan  (GAG)  increases 
among  cadmium  workers,  but  the  significance 
of  this  effect  is  unknown  because  no 
relationship  has  been  found  between 
elevated  GAG  and  other  indices  of  tubular 
damage  (Bernard  and  Lauwerys  1990); 

9.  Trehalase  seems  to  increase  earlier  than 
B2M  during  cadmium  exposure,  but  the 
procedure  for  analysis  is  complicated  and 
unreliable  (Iwata  et  al.  1988);  and, 

10.  Kallikrein  is  observed  at  lower 
concentrations  among  cadmium-exposed 
workers  than  among  normal  controls  (Roels 
et  al.  1990). 

Of  the  above  analytes.  B2M  appears  to  be 
the  most  widely  used  and  best  characterized 
analyte  to  evaluate  the  presence/ absence,  as 
well  as  the  extent  of,  cadmium-induced  renal 
tubular  damage  (Kawada,  Koyama,  and 
Suzuki  1989;  Shaikh  and  Smith  1984;  Nogawa 
1984).  However,  it  is  important  that  samples 
be  collected  and  handled  so  as  to  minimize 
B2M  degradation  under  acidic  urine 
conditions. 

The  threshold  value  of  B2MU  commonly 
used  to  indicate  the  presence  of  kidney 
damage  300  pg/g  CRTU  (Kjelistrom  et  al. 
1977a;  Buchet  et  al.  1980;  and  Kowal  and 
Zirkes  1983).  This  value  represents  the  upper 
95th  or  97.5th  percentile  level  of  urinary 
excretion  observed  among  those  without 
tubular  dysfunction  (Elinder,  exbt  L-140-45, 
OSHA  docket  H057A).  In  agreement  with 
these  conclusions,  the  data  presented  in 
Section  5.3.7  of  this  protocol  generally 
indicate  that  the  level  of  300  pg/g  CRTU 
appears  to  define  the  boundary  for  kidney 
dysfunction.  It  is  not  clear,  however,  that  this 
level  represents  the  upper  95th  percentile  of 
values  observed  among  thoBe  who  fail  to 
demonstrate  proteinuria  effects. 

Although  elevated  B2MU  levels  appear  to 
be  a  fairly  specific  indicator  of  disease 
associated  with  cadmium  exposure,  other 
conditions  that  may  lead  to  elevated  B2MU 
levels  include  high  fevers  from  influenza, 
extensive  physical  exercise,  renal  disease 
unrelated  to  cadmium  exposure,  lymphomas, 
and  AIDS  (Iwao  et  al.  1980;  Schardun  and 
van  Epps  1987).  Elevated  B2M  levels 
observed  in  association  with  high  fevers  from 
influenza  or  from  extensive  physical  exercise 
are  transient,  and  will  return  to  normal  levels 
once  the  fever  has  abated  or  metabolic  rates 
return  to  baseline  values  following  exercise. 
The  other  conditions  linked  to  elevated  B2M 
levels  can  be  diagnosed  as  part  of  a  properly- 
designed  medical  examination.  Consequently, 
monitoring  B2M,  when  accompanied  by 
regular  medical  examinations  and  CDB  and 
CDU  determinations  (as  indicators  of  present 
and  past  cadmium  exposure),  may  serve  as  a 
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specific,  early  indicator  of  cadmium-induced 
kidney  damage. 

4.4  Criteria  for  Medical  Monitoring  of 
Cadmium  Workers 

Medical  monitoring  mandated  by  the  final 
cadmium  rule  includes  a  combination  of 
regular  medical  examinations  and  periodic 
monitoring  of  3  analytes:  COB,  CDU  and 
B2MU.  As  indicated  above,  CDB  is  monitored 
as  an  indicator  of  current  cadmium  exposure, 
while  CDU  serves  as  an  indicator  of  the 
cadmium  body  burden;  B2MU  is  assessed  as 
an  early  marker  of  irreversible  kidney 
damage  and  disease. 

The  final  cadmium  rule  defines  a  series  of 
action  levels  that  have  been  developed  for 
each  of  the  3  analytes  to  be  monitored.  These 
action  levels  serve  to  guide  the  responsible 
physician  through  a  decision-making  process. 
For  each  action  level  that  is  exceeded,  a 
specific  response  is  mandated.  The  sequence 
of  action  levels,  and  the  attendant  actions, 
are  described  in  detail  in  the  final  cadmium 
rule. 

Other  criteria  used  in  the  medical  decision¬ 
making  process  relate  to  tests  performed 
during  the  medical  examination  (including  a 
determination  of  the  ability  of  a  worker  to 
wear  a  respirator).  These  criteria,  however, 
are  not  affected  by  the  results  of  the  analyte 
determinations  addressed  in  the  above 
paragraphs  and,  consequently,  wHl  not  be 
considered  further  in  these  guidelines. 

4.5  Defining  to  Quality  and  Proficiency  of 
the  Analyte  Determinations 

As  noted  above  in  Sections  2  and  3,  the 
quality  of  a  measurement  should  be  defined 
along  with  its  value  to  properly  interpret  the 
results.  Generally,  it  is  necessary  to  know  the 
accuracy  and  the  precision  of  a  measurement 
before  it  can  be  properly  evaluated.  The 
precision  of  the  data  from  a  specific 
laboratory  indicates  the  extent  to  which  the 
repeated  measurements  of  the  same  sample 
vary  within  that  laboratory.  The  accuracy  of 
the  data  provides  an  indication  of  the  extent 
to  which  these  results  deviate  from  average 


results  determined  from  many  laboratories 
performing  the  same  measurement  (i.e.,  in  the 
absence  of  an  independent  determination  of 
the  true  value  of  a  measurement).  Note  that 
terms  are  defined  operationally  relative  to 
the  manner  in  which  they  will  be  used  in  this 
protocol.  Formal  definitions  for  the  terms  in 
italics  used  in  this  section  cqn  be  found  in  the 
list  of  definitions  (Section  2). 

Another  data  quality  criterion  required  to 
properly  evaluate  measurement  results  is  the 
limit  of  detection  of  that  measurement.  For 
measurements  to  be  useful,  the  range  of  the 
measurement  which  is  of  interest  for 
biological  monitoring  purposes  must  lie 
entirely  above  the  limit  of  detection  defined 
for  that  measurement. 

The  overall  quality  of  a  laboratory's  results 
is  termed  the  performance  of  that  laboratory. 
The  degree  to  which  a  laboratory  satisfies  a 
minimum  performance  level  is  referred  to  as 
the  proficiency  of  the  laboratory.  A 
successful  medical  monitoring  program, 
therefore,  should  include  procedures 
developed  for  monitoring  and  recording 
laboratory  performance;  these  procedures 
can  be  used  to  identify  the  most  proficient 
laboratories. 

5.0  Overview  of  Medical  Monitoring  Tests 
for  CDB,  CDU,  B2MU  and  CRTU 

To  evaluate  whether  available  methods  for 
assessing  CDB,  CDU,  B2MU  and  CRTU  are 
adequate  for  determining  the  parameters 
defined  by  the  proposed  action  levels,  it  is 
necessary  to  review  procedures  available  for 
sample  collection,  preparation  and  analysis. 

A  variety  of  techniques  for  these  purposes 
have  been  used  historically  for  the 
determination  of  cadmium  in  biological 
matrices  (including  CDB  and  CDU},  and  for 
the  determination  of  specific  proteins  in 
biological  matrices  (including  B2MU). 
However,  only  the  most  recent  techniques  are 
capable  of  satisfying  the  required  accuracy, 
precision  and  sensitivity  (i.e.,  limit  of 
detection)  for  monitoring  at  the  levels 
mandated  in  the  final  cadmium  rule,  while 


still  facilitating  automated  analysis  and  rapid 
processing. 

5.1  Measuring  Cadmium  in  Blood  (CDB) 
Analysis  of  biological  samples  for  cadmium 
requires  strict  analytical  discipline  regarding 
collection  and  handling  of  samples.  In 
addition  to  occupational  settings,  where 
cadmium  contamination  would  be  apparent, 
cadmium  is  a  ubiquitous  environmental 
contaminant,  and  much  care  should  be 
exercised  to  ensure  that  samples  are  not 
contaminated  during  collection,  preparation 
or  analysis.  Many  common  chemical  reagents 
are  contaminated  with  cadmium  at 
concentrations  that  will  interfere  with 
cadmium  analysis;  because  of  the 
widespread  use  of  cadmium  compounds  as 
colored  pigments  in  plastics  and  coatings,  the 
analyst  should  continually  monitor  each 
manufacturer's  chemical  reagents  and 
collection  containers  to  prevent 
contamination  of  samples. 

Cuarding  against  cadmium  contamination 
of  biological  samples  is  particularly 
important  when  analyzing  blood  samples 
because  cadmium  concentrations  in  blood 
samples  from  nonexposed  populations  are 
generally  less  than  2  fxg/1  (2  ng/ml),  while 
occupationally-exposed  workers  can  be  at 
medical  risk  to  cadmium  toxicity  if  blood 
concentrations  exceed  5  p.g/1  (ACGIH  1991 
and  1992).  This  narrow  margin  between 
exposed  and  unexposed  samples  requires 
that  exceptional  care  be  used  in  performing 
analytic  determinations  for  biological 
monitoring  for  occupational  cadmium 
exposure. 

Methods  for  quantifying  cadmium  in  blood 
have  improved  over  the  last  40  years 
primarily  because  of  improvements  in 
analytical  instrumentabon.  Also,  due  to 
improvements  in  analytical  techniques,  there 
is  less  need  to  perform  extensive  mulb-step 
sample  preparations  prior  to  analysis. 
Complex  sample  preparation  was  previously 
required  to  enhance  method  sensitivity  (for 
cadmium),  and  to  reduce  interference  by 
other  metals  or  components  of  the  sample. 
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5.1.1  Analytical  Techniques  Used  to 
Monitor  Cadmium  in  Biological  Matrices 


Table  3.— Comparison  op  Analytical  Procedures/Instrumentation  for  Determination  of  Cadmium  in  Biological 

Samples 


Analytical  procedure 

Limit  of 
detection  [ng/ 

(g  or  ml)] 

Specified  biological  matrix 

Reference 

*10 

Perkin-Elmer  (1982) . 

(FAAS). 

Graphite  Furnace  Atomic  Absorption  Spectros- 

0.04 

Urine . 

Pruszkowska  et  al.  (1983)... 

copy  (GFAAS). 

^0.20 

Stoeppler  and  Brandi 

(1980). 

Inductively-Coupled  Argon-Plasma  Atomic 

2.0 

Any  matrix . 

NIOSH  (1984 A) . 

Emission  Spectroscopy  (ICAP  AES). 

1  5 

Ellis  et  al.  (1983) . 

<1.0 

Michiets  and  DeBievre 

(1986) 

<1-0 

& 

? 

2 

1 

(OPASV). 

(1980). 

Comments 


Not  sensitive  enough  for  biomonitoring 
without  extensive  sample  digestion, 
metal  chelation  and  organic  solvent 
extraction. 

Methods  of  choice  for  routine  cadmi¬ 
um  analysis 


Requires  extensive  sample  preparation 
and  concentration  of  metal  with  che¬ 
lating  resin.  Advantage  is  simultane¬ 
ous  analyses  for  as  many  as  10 
metals  from  1  sample. 

Only  available  in  vivo  method  for  direct 
determination  of  cadmium  body 
tissue  burdens;  expensive;  absolute 
determinatioiuof  cadmium  in  refer¬ 
ence  materials. 

Suitable  for  absolute  determination  of 
cadmium  in  reference  materials:  ex¬ 
pensive. 

Suitable  for  absolute  determination  of 
cadmium  in  reference  materials;  effi¬ 
cient  method  to  check  accuracy  of 
analytical  method. 


A  number  of  analytical  techniques  have 
been  used  for  determining  cadmium 
concentrations  in  biological  materials.  A 
summary  of  the  characteristics  of  the  most 
widely  employed  techniques  is  presented  in 
Table  3.  The  technique  most  suitable  for 
medical  monitoring  for  cadmium  is  atomic 
absorption  spectroscopy  (AAS). 

To  obtain  a  measurement  using  AAS.  a 
light  source  (i.e.,  hollow  cathode  or  lectrode- 
free  discharge  lamp)  containing  the  element 
of  interest  as  the  cathode,  is  energized  and 
the  lamp  emits  a  spectrum  that  is  unique  for 
that  element.  This  light  source  is  focused 
through  a  sample  cell,  and  a  selected 
wavelength  is  monitored  by  a  monochrometer 
and  photodetector  cell.  Any  ground  state 
atoms  in  the  sample  that  match  those  of  the 
lamp  element  and  are  in  the  path  of  the 
emitted  light  may  absorb  some  of  the  light 
and  decrease  the  amount  of  light  that  reaches 
the  photodetector  cell.  The  amount  of  light 
absorbed  at  each  characteristic  wavelength  is 
proportional  to  the  number  of  ground  state 
atoms  of  the  corresponding  element  that  are 
in  the  pathway  of  the  light  between  the 
source  and  detector. 

To  determine  the  amount  of  a  specific 
metallic  element  in  a  sample  using  AAS.  the 
sample  is  dissolved  in  a  solvent  and 
aspirated  into  a  high-temperature  flame  as  an 
aerosol.  At  high  temperatures,  the  solvent  is 
rapidly  evaporated  or  decomposed  and  the 
solute  is  initially  solidified;  the  majority  of 
the  sample  elements  then  are  transformed 
into  an  atomic  vapor.  Next,  a  light  beam  is 
focused  above  the  flame  and  the  amount  of 
metal  in  the  sample  can  be  determined  by 
measuring  the  degree  of  absorbance  of  the 


atoms  of  the  target  element  released  by  the 
flame  at  a  characteristic  wavelength. 

A  more  refined  atomic  absorption 
technique,  flameless  AAS,  substitutes  an 
electrothermal,  graphite  furnace  for  the 
flame.  An  aliquot  (10-100  p.1)  of  the  sample  is 
pipetted  into  the  cold  furnace,  which  is  then 
heated  rapidly  to  generate  an  atomic  vapor  of 
the  element. 

AAS  is  a  sensitive  and  specific  method  for 
the  elemental  analysis  of  metals;  its  main 
drawback  is  nonspecific  background 
absorbtion  and  scattering  of  the  light  beam 
by  particles  of  the  sample  as  it  decomposes 
at  high  temperatures;  nonspecific  absorbance 
reduces  the  sensitivity  of  the  analytical 
method.  The  problem  of  nonspecific 
absorbance  and  scattering  can  be  reduced  by 
extensive  sample  pretreatment  such  as 
ashing  and/or  acid  digestion  of  the  sample  to 
reduce  its  organic  content. 

Current  AAS  instruments  employ 
background  correction  devices  to  adjust 
electronically  for  background  absorbtion  and 
scattering.  A  common  method  to  correct  for 
background  effects  is  to  use  a  deuterium  arc 
lamp  as  a  second  light  source.  A  continuum 
light  source,  such  as  the  deuterium  lamp, 
emits  a  broad  spectrum  of  wavelengths 
instead  of  specific  wavelengths  characteristic 
of  a  particular  element,  as  with  the  hollow 
cathode  tube.  With  this  system,  light  from  the 
primary  source  and  the  continuum  source  are 
passed  alternately  through  the  sample  cell. 
The  target  element  effectively  absorbs  light 
only  from  the  primary  source  (which  is  much 
brighter  than  the  continuum  source  at  the 
characteristic  wavelengths),  while  the 
background  matrix  absorbs  and  scatters  light 


from  both  sources  equally.  Therefore,  when 
the  ratio  of  the  two  beams  is  measured 
electronically,  the  effect  of  nonspecific 
background  absorption  and  scattering  is 
eliminated.  A  less  common,  but  more 
sophisticated,  backgrond  correction  system  is 
based  on  the  Zeeman  effect,  which  uses  a 
magnetically-activated  light  polarizer  to 
compensate  electronically  for  nonspecific 
absorbtion  and  scattering. 

Atomic  emission  spectroscopy  with 
inductively-coupled  argon  plasma  (AES- 
ICAP)  is  widely  used  to  analyze  for  metals. 
With  this  instrument,  the  sample  is  aspirated 
into  an  extremely  hot  argon  plasma  flame, 
which  excites  the  metal  atoms:  emission 
spectra  specific  for  the  sample  element  then 
are  generated.  The  quanta  of  emitted  light 
passing  through  a  monochrometer  are 
amplified  by  photomultiplier  tubes  and 
measured  by  a  photodetector  to  determine 
the  amount  of  metal  in  the  sample.  An 
advantage  of  AES-ICAP  over  AAS  is  that 
multi-elemental  analyses  of  a  sample  can  be 
performed  by  simultaneously  measuring 
specific  elemental  emission  energies. 
However,  AES-ICAP  lacks  the  sensitivity  of 
AAS,  exhibiting  a  limit  of  detection  which  is 
higher  than  the  limit  of  detection  for  graphite- 
furnace  AAS  (Table  3). 

Neutron  activation  (NA)  analysis  and 
isotope  dilution  mass  spectrometry  (IDMS) 
are  2  additional,  but  highly  specialized, 
methods  that  have  been  used  for  cadmium 
determinations.  These  methods  are  expensive 
because  they  require  elaborate  and 
sophisticated  instrumentation. 
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NA  analysis  has  the  distinct  advantage 
over  other  analytical  methods  of  being  able 
to  determine  cadmium  body  burdens  in 
specific  organa  (e.g.,  liver,  kidney)  in  vivo 
(Ellis  et  al.  1983).  Neutron  bombardment  of 
the  target  transforms  cadmium-13  to 
cadmium-114,  which  promptly  decays 
(<10“u  sec)  to  its  ground  state,  emitting 
gamma  rays  that  are  measured  using  large  - 
gamma  detectors;  appropriate  shielding  and 
instrumentation  are  required  when  using  this 
method. 

IDMS  analysis,  a  definitive  but  laborious 
method,  is  based  on  the  change  in  the  ratio  of 
2  isotopes  of  cadmium  (cadmium  111  and  112) 
that  occurs  when  a  known  amount  of  the 
element  (with  an  artificially  altered  ratio  of 
the  same  isotopes  (i.e.,  a  cadmium  111 
“spike")  is  added  to  a  weighed  aliquot  of  the 
sample  (Michiels  and  De  Bievre  1986). 

5.1.2  Methods  Developed  for  CDB 
Determinations 

A  variety  of  methods  have  been  used  for 
preparing  and  analyzing  CDB  samples;  most 
of  these  methods  rely  on  one  of  the  analytical 
techniques  described  above.  Among  the 
earliest  reports,  Princi  (1947)  and  Smith  et  al. 
(1955)  employed  a  colorimetric  procedure  to 
analyze  for  CDB  and  CDU.  Samples  were 
dried  and  digested  through  several  cycles 
with  concentrated  mineral  acids  (HNOs  and 
H2SO4)  and  hydrogen  peroxide  (H2O2).  The 
digest  was  neutralized,  and  the  cadmium  was 
complexed  with  diphenylthiocarbazone  and 
extracted  with  chloroform.  The  dithizone- 
cadmium  complex  then  was  quantified  using 
a  spectrometer. 

Calorimetric  procedures  for  cadmium 
analyses  were  replaced  by  methods  based  on 
atomic  absorption  spectroscopy  (AAS)  in  the 
early  1980s,  but  many  of  the  complex  sample 
preparation  procedures  were  retained. 
Kjellstrom  (1979)  reports  that  in  Japanese, 
American  and  Swedish  laboratories  during 
the  early  1970s,  blood  samples  were  wet 
ashed  with  mineral  acids  or  ashed  at  high 
temperature  and  wetted  with  nitric  acid.  The 
cadmium  in  the  digest  was  complexed  with 
metal  chelators  including  diethyl 
dithiocarbamate  (DDTC),  ammonium 
pyrrolidine  dithiocarbamate  (APDC)  or 
diphenylthiocarbazone  (dithizone)  in 
ammonia-citrate  buffer  and  extracted  with 
methyl  isobutyl  ketone  (MIBK).  The  resulting 
solution  then  was  analyzed  by  flame  AAS  or 
graphite-furnace  AAS  forcadmium 
determinations  using  deuterium-lamp 
background  correction. 

In  the  late  1970s,  researchers  began 
developing  simpler  preparation  procedures. 
Roels  et  al.  (1978)  and  Roberts  and  Clark 
(1986)  developed  simplified  digestion 
procedures.  Using  the  Roberts  and  Clark 
method,  a  0.5  ml  aliquot  of  blood  is  collected 
and  transferred  to  a  digestion  tube  containing 
1  ml  concentrated  HNOj.  The  blood  is  then 
digested  at  110  °C  for  4  hours.  The  sample  is 
reduced  in  volume  by  continued  heating,  and 
0.5  ml  30%  H2O2  is  added  as  the  sample  dries. 
The  residue  is  dissolved  in  5  ml  dilute  (1%) 
HNOs.  and  20  pi  of  sample  is  then  analyzed 
by  graphite-furnace  AAS  with  deuterium- 
background  correction. 

The  current  trend  in  the  preparation  of 
blood  samples  is  to  dilute  the  sample  and  add 
matrix  modifiers  to  reduce  background 


interference,  rather  than  digesting  the  sample 
to  reduce  organic  content.  The  method  of 
Stoeppler  and  Brandt  (1980),  and  the 
abbreviated  procedure  published  in  the 
American  Public  Health  Association's 
( APHA)  Methods  for  Biological  Monitoring 
(1988),  are  straightforward  and  are  nearly 
identical.  For  the  APHA  method,  a  small 
aliquot  (50-300  pi)  of  whole  blood  that  has 
been  stabilized  with 
ethylenediaminetetraacetate  (EDTA)  is 
added  to  1.0  ml  lMHNOs,  vigorously  shaken 
and  centrifuged.  Aliquots  (10-25  pi)  of  the 
supernatant  then  are  then  analyzed  by 
graphite-furnace  AAS  with  appropriate 
background  correction. 

Using  the  method  of  Stoeppler  and  Brandt 
(1980),  aliquots  (50-200  pi)  of  whole  blood 
that  have  been  stabilized  with  EDTA  are 
pipetted  into  clean  polystyrene  tubes  and 
mixed  with  150-600  pi  of  1  M  HNOs.  After 
vigorous  shaking,  the  solution  is  centrifuged 
and  a  10-25  pi  aliquot  of  the  supernatant  then 
is  analyzed  by  graphite-furnace  AAS  with 
appropriate  background  correction. 

Claeys-Thoreau  (1982)  and  DeBenzo  et  al. 
(1990)  diluted  blood  samples  at  a  ratio  of  1:10 
with  a  matrix  modifier  (0.2%  Triton  X-100,  a 
wetting  agent)  for  direct  determinations  of 
CDB.  DeBenzo  et  al.  also  demonstrated  that 
aqueous  standards  of  cadmium,  instead  of 
spiked,  whole-blood  samples,  could  be  used 
to  establish  calibration  curves  if  standards 
and  samples  are  treated  with  additional 
small  volumes  of  matrix  modifiers  (i.e.,  1% 
HNO3, 0.2%  ammonium  hydrogenphosphate 
and  1  mg/ml  magnesium  salts). 

These  direct  dilution  procedures  for  CDB 
analysis  are  simple  and  rapid.  Laboratories 
can  process  more  than  100  samples  a  day 
using  a  dedicated  graphite-furnace  AAS,  an 
auto-sampler,  and  either  a  Zeeman-  or  a 
deuterium-background  correction  system. 
Several  authors  emphasize  using  optimum 
settings  for  graphite-furnace  temperatures 
during  the  drying,  charring,  and  atomization 
processes  associated  with  the  flameless  AAS 
method,  and  the  need  to  run  frequent  QC 
samples  when  performing  automated 
analysis. 

5.1.3  Sample  Collection  and  Handling 

Sample  collection  procedures,  are 
addressed  primarily  to  identify  ways  to 
minimize  the  degree  of  variability  that  may 
be  introduced  by  sample  collection  during 
medical  monitoring.  It  is  unclear  at  this  point 
the  extent  to  which  collection  procedures 
contribute  to  variability  among  CDB  samples. 
Sources  of  variation  that  may  result  from 
sampling  procedures  include  time-of-day 
effects  and  introduction  of  external 
contamination  during  the  collection  process. 
To  minimize  these  sources,  strict  adherence 
to  a  sample  collection  protocol  is 
recommended.  Such  a  protocol  must  include 
provisions  for  thorough  cleaning  of  the  site 
from  which  blood  wifi  be  extracted;  also, 
every  effort  should  be  made  to  collect 
samples  near  the  same  time  of  day.  It  is  also 
important  to  recognize  that  under  the  recent 
OSHA  blood-borne  pathogens  standard  (29 
CFR  1910.1030),  blood  samples  and  certain 
body  fluids  must  be  handled  and  treated  as  if 
they  are  infectious. 


5.1.4  Best  Achievable  Performance 
The  best  achievable  performance  using  a 
particular  method  for  CDB  determinations  is 
assumed  to  be  equivalent  to  the  performance 
reported  by  research  laboratories  in  which 
the  method  was  developed. 

For  their  method,  Roberts  and  Clark  (1986) 
demonstrated  a  limit  of  detection  of  0.4  fig 
Cd/1  in  whole  blood,  with  a  linear  response 
curve  from  0.4  to  10.0  pg  Cd/1.  They  report  a 
coefficient  of  variation  (CV)  of  8.7%  at  8.0  fig/ 

1. 

The  APHA  (1988)  reports  a  range  of  1.0-25 
fig/1,  with  a  CV  of  7.3%  (concentration  not 
stated).  Insufficient  documentation  was 
available  to  critique  this  method. 

Stoeppler  and  Brandt  (1980)  achieved  a 
detection  limit  of  0.2  fig  Cd/1  whole  blood, 
with  a  linear  range  of  0.4-12.0  fig  Cd/1.  and  a 
CV  of  15-30%.  for  samples  at  <1.0  fig/1. 
Improved  precision  (CV  of  3.8%)  was 
reported  for  CDB  concentrations  at  9.3  fig/1. 
5.1.5  General  Method  Performance 
For  any  particular  method,  the  performance 
expected  from  commercial  laboratories  may 
be  somewhat  lower  than  that  reported  by  the 
research  laboratory  in  which  the  method  was 
developed.  With  participation  in  appropriate 
proficiency  programs  and  use  of  a  proper  in- 
house  QA/QC  program  incorporating 
provisions  for  regular  corrective  actions,  the 
performance  of  commercial  laboratories  is 
expected  to  approach  that  reported  by 
research  laboratories.  Also,  the  results 
reported  for  existing  proficiency  programs 
serve  as  a  gauge  of  the  likely  level  of 
performance  that  currently  can  be  expected 
from  commercial  laboratories  offering  these 
analyses. 

Weber  (1988)  reports  on  the  results  of  the 
proficiency  program  run  by  the  Centre  de 
Toxicologie  du  Quebec  (CTQ).  As  indicated 
previously,  participants  in  that  program 
receive  18  blood  samples  per  year  having 
cadmium  concentrations  ranging  from  0.2-20 
fig/1.  Currently,  76  laboratories  are 
participating  in  this  program.  The  program  is 
established  for  several  analytes  in  addition  to 
cadmium,  and  not  all  of  these  laboratories 
participate  in  the  cadmium  proficiency¬ 
testing  program. 

Under  the  CTQ  program,  cadmium  results 
from  individual  laboratories  are  compared 
against  the  consensus  mean  derived  for  each 
sample.  Results  indicate  that  after  receiving 
60  samples  (i.e.,  after  participation  for 
approximately  three  years),  60%  of  the 
laboratories  in  the  program  are  able  to  report 
results  that  fall  within  ±  1  fig/1  or  15%  of  the 
mean,  whichever  is  greater.  (For  this 
procedure,  the  15%  criterion  was  applied  to 
concentrations  exceeding  7  fig/l.)  On  any 
single  sample  of  the  last  20  samples,  the 
percentage  of  laboratories  falling  within  the 
specified  range  is  between  55  and  80%. 

The  CTQ  also  evaluates  the  performance  of 
participating  laboratories  against  a  less 
severe  standard:  ±2  p.g/1  or  15%  of  the  mean, 
whichever  is  greater  (Weber  1988);  90%  of 
participating  laboratories  are  able  to  satisfy 
this  standard  after  approximately  3  years  in 
the  program.  (The  15%  criterion  is  used  for 
concentrations  in  excess  of  13  fig/l.)  On  any 
single  sample  of  the  last  15  samples,  the 
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percentage  of  laboratories  falling  within  the 
specified  range  is  between  80  and  95% 

(except  for  a  single  test  for  which  only  60%  of 
the  laboratories  achieved  the  desired 
performance). 

Based  on  the  data  presented  in  Weber 
(1988),  the  CV  for  analysis  of  CDB  is  nearly 
constant  at  20%  for  cadmium  concentrations 
exceeding  5  p.g/1,  and  increases  for  cadmium 
concentrations  below  5  p.g/1.  At  2  fig/1,  the 
reported  CV  rises  to  approximately  40%.  At  1 
pg/1,  the  reported  CV  is  approximately  60%. 

Participating  laboratories  also  tend  to 
overestimate  concentrations  for  samples 
exhibiting  concentrations  less  than  2  fig/1 
(see  Figure  11  of  Weber  1988).  This  problem 
is  due  in  part  to  the  proficiency  evaluation 
criterion  that  allows  reporting  a  minimum 
±2.0  p.g/1  for  evaluated  CDB  samples.  There 
is  currently  little  economic  or  regulatory 
incentive  for  laboratories  participating  in  the 
CTQ  program  to  achieve  greater  accuracy  for 
CDB  samples  containing  cadmium  at 
concentrations  less  than  2.0  p.g/1.  even  if  the 
laboratory  has  the  experience  and 
competency  to  distinguish  among  lower 
concentrations  in  the  samples  obtained  from 
the  CTQ. 

The  collective  experience  of  international 
agencies  and  investigators  demonstrate  the 
need  for  a  vigorous  QC  program  to  ensure 
that  CDB  values  reported  by  participating 
laboratories  are  indeed  reasonably  accurate. 
As  Friberg  (1988)  stated: 

“Information  about  the  quality  of  published 
data  has  often  been  lacking.  Tliis  is  of 
concern  as  assessment  of  metals  in  trace 
concentrations  in  biological  media  are 
fraught  with  difficulties  from  the  collection, 
handling,  and  storage  of  samples  to  the 
chemical  analyses.  This  has  been  proven 
over  and  over  again  from  the  results  of 


interlaboratory  testing  and  quality  control 
exercises.  Large  variations  in  results  were 
reported  even  from  ‘experienced’ 
laboratories." 

The  UNEP/WHO  global  study  of  cadmium 
biological  monitoring  set  a  limit  for  CDB 
accuracy  using  the  maximum  allowable 
deviation  method  at  Y=X±(0.1X+1)  for  a 
targeted  concentration  of  10  pg  Cd/1  (Friberg 
and  Vahter  1983).  The  performance  of 
participating  laboratories  over  a 
concentration  range  of  1.5-12  pg/1  was 
reported  by  Lind  et  al.  (1987).  Of  the  3  QC 
runs  conducted  during  1982  and  1983, 1  or  2  of 
the  6  laboratories  failed  each  run.  For  the 
years  1983  and  1985,  between  zero  and  2 
laboratories  failed  each  of  the  consecutive 
QC  runs. 

In  another  study  (Vahter  and  Friberg  1988). 
QC  samples  consisting  of  both  external 
(unknown)  and  internal  (stated) 
concentrations  were  distributed  to 
laboratories  participating  in  the  epidemiology 
research.  In  this  study,  the  maximum 
acceptable  deviation  between  the  regression 
analysis  of  reported  results  and  reference 
values  was  set  at  Y  =  X±(0.05X+0.2)  for  a 
concentration  range  of  0.3-5.0  pg  Cd/1.  It  is 
reported  that  only  2  of  5  laboratories  had 
acceptable  data  after  the  first  QC  set,  and 
only  1  of  5  laboratories  had  acceptable  data 
after  the  second  QC  set.  By  the  fourth  QC  set. 
however,  all  5  laboratories  were  judged 
proficient. 

The  need  for  high  quality  CDB  monitoring 
is  apparent  when  the  toxicological  and 
biological  characteristics  of  this  metal  are 
considered:  an  increase  in  CDB  from  2  to  4 
pg/l  could  cause  a  doubling  of  the  cadmium 
accumulation  in  the  kidney,  a  critical  target 
tissue  for  selective  cadmium  accumulation 
(Nordberg  and  Nordberg  1988). 


Historically,  the  CDC’s  internal  QC 
program  for  CDB  cadmium  monitoring 
program  has  found  achievable  accuracy  to  be 
±zl0%  of  the  true  value  at  CDB 
concentrations  >  5.0  pg/1  (Paschal  1990). 

Data  on  the  performance  of  laboratories 
participating  in  this  program  currently  are  not 
available. 

5.1.6  Observed  CDB  Concentrations 
As  stated  in  Section  4.3,  CDB 
concentrations  are  representative  of  ongoing 
levels  of  exposure  to  cadmium.  Among  those 
who  have  been  exposed  chronically  to 
cadmium  for  extended  periods,  however, 

CDB  may  contain  a  component  attributable 
to  the  general  cadmium  body  burden. 

5.1.6.1  CDB  Concentrations  Among 
Unexposed  Samples 
Numerous  studies  have  been  conducted 
examining  CDB  concentrations  in  the  general 
population,  and  in  control  groups  used  for 
comparison  with  cadmium-exposed  workers. 
A  number  of  reports  have  been  published 
that  present  erroneously  high  values  of  CDB 
(Nordberg  and  Nordberg  1988).  This  problem 
was  due  to  contamination  of  samples  during 
sampling  and  analysis,  and  to  errors  in 
analysis.  Early  AAS  methods  were  not 
sufficiently  sensitive  to  accurately  estimate 
CDB  concentrations. 

Table  4  presents  results  of  recent  studies 
reporting  CDB  levels  for  the  general  U.S. 
population  not  exposed  occupationally  to 
cadmium.  Other  surveys  of  tissue  cadmium 
using  U.S.  samples  and  conducted  as  part  of 
a  cooperative  effort  among  Japan,  Sweden 
and  the  U.S..  did  not  collect  CDB  data 
because  standard  analytical  methodologies 
were  unavailable,  and  because  of  analytic 
problems  (Kjellstrom  1979;  SWRI 1978). 


Table  4.— Blood  Cadmium  Concentrations  of  U.S.  Population  Not  Occupationally  Exposed  to  Cadmium  • 


No.  In 
study  (n) 

Sex 

Age 

Smoking 

habits" 

Arithmetic 
mean 
(±S.D.)  * 

Absolute 
range  or 
(95%  O) d 

Geometric 
mean 
(±GSD)  • 

80 

M 

4  to  69 . 

NS.S 

1.13 

0.35-3.3 

0.98±1.71 

88 

F 

4  to  69 . 

NS,S 

1.03 

0.21-3.3 

0.91  ±1.63 

115 

M/F 

4  to  69 . 

NS 

0.95 

0.21-3.3 

0.85  ±1.59 

31 

l'« 

4  to  69 . 

S 

1.54 

0.4-3.3 

1.37  ±1.65 

10 

ljB 

Adults . 

(?) 

2.0±2.1 

(0.5-5.0) 

24 

M 

Adults . 

NS 

0.6±1/87 

20 

M 

Adults...- . 

S 

1.2±2.13 

64 

MS' 

Adults . 

NS 

0.5±1.85 

39 

Adults . 

S 

0.8  ±2.22  J 

32 

PH 

Adults . 

S,NS 

1.2±2.0 

35 

m 

Adults . 

(?) 

2.1  ±2.1 

(0.5-7.3) 

Lower  95th  Upper  95th 
percentile  of  percentile  of 
distribution '  distribution ' 


Kowal  et  al. 
(1979). 


Ellis  et  al.  (1983). 
Frieberg  and 
Vahter  (1983). 


3.9  Thun  et  al.  (1989). 
(5.6)  Mueller  et  al. 
(1989). 


Arithmetic  and/or  geometric  means  and 
standard  deviations  are  provided  in  Table  4 
for  measurements  among  the  populations 
defined  in  each  study  listed.  The  range  of 
reported  measurements  and/or  the  95%  upper 
and  lower  confidence  intervals  for  the  means 
are  presented  when  this  information  was 
reported  in  a  study.  For  studies  reporting 
either  an  arithmetic  or  geometric  standard 
deviation  along  with  a  mean,  the  lower  and 


upper  95th  percentile  for  the  distribution  also 
were  derived  and  reported  in  the  table. 

The  data  provided  in  Table  4  from  Kowal 
et  al.  (1979)  are  from  studies  conducted 
between  1974  and  1976  evaluating  CDB  levels 
for  the  general  population  in  Chicago,  and  are 
considered  to  be  representative  of  the  U.S. 
population.  These  studies  indicate  that  the 
average  CDB  concentration  among  those  not 
occupationally  exposed  to  cadmium  is 
approximately  1  pg/1. 


In  several  other  studies  presented  in  Table 
4,  measurements  are  reported  separately  for 
males  and  females,  and  for  smokers  and 
nonsmokers.  The  data  in  this  table  indicate 
that  similar  CDB  levels  are  observed  among 
males  and  females  in  the  general  population, 
but  that  smokers  tend  to  exhibit  higher  CDB 
levels  than  nonsmokers.  Based  on  the  Kowal 
et  al.  (1979)  study,  smokers  not 
occupationally  exposed  to  cadmium  exhibit 
an  average  CDB  level  of  1.4  pg/1. 
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In  general,  nonsmokers  tend  to  exhibit 
levels  ranging  to  2  fig/1,  while  levels 
observed  among  smokers  range  to  5  pg/1. 
Based  on  the  data  presented  in  Table  4, 95% 
of  those  not  occupationally  exposed  to 
cadmium  exhibit  CDB  levels  less  than  5  fig/1. 

5.1.6.2  CDB  Concentrations  Among  Exposed 
Workers 

Table  5  is  a  summary  of  results  from 
studies  reporting  CDB  levels  among  workers 
exposed  to  cadmium  in  the  work  place.  As  in 
Table  4,  arithmetic  and/or  geometric  means 
and  standard  deviations  are  provided  if 
reported  in  the  listed  studies.  The  absolute 


range,  or  the  95%  confidence  interval  around 
the  mean,  of  the  data  in  each  study  are 
provided  when  reported.  In  addition,  the 
lower  and  upper  95th  percentile  of  the 
distribution  are  presented  for  each  study  in 
which  a  mean  and  corresponding  standard 
deviation  were  reported.  Table  5  also 
provides  estimates  of  the  duration,  and  level, 
of  exposure  to  cadmium  in  the  work  place  if 
these  data  were  reported  in  the  listed  studies. 
The  data  presented  in  Table  5  suggest  that 
CDB  levels  are  dose  related.  Sukuri  et  al. 
(1983)  show  that  higher  CDB  levels  are 
observed  among  workers  experiencing  higher 
work  place  exposure.  This  trend  appears  to 


be  true  of  every  one  of  the  studies  listed  in 
the  table. 

CDB  levels  reported  in  Table  5  are  higher 
among  those  showing  signs  of  cadmium- 
related  kidney  damage  than  those  showing 
no  such  damage.  Lauwerys  et  al.  (1976)  report 
CDB  levels  among  workers  with  kidney 
lesions  that  generally  are  above  the  levels 
reported  for  workers  without  kidney  lesions. 
Ellis  et  al.  (1983)  report  a  similar  observation 
comparing  workers  with  and  without  renal 
dysfunction,  although  they  found  more 
overlap  between  the  2  groups  than  Lauwerys 
et  al. 


Table  5.— Blood  Cadmium  in  Workers  Exposed  to  Cadmium  in  the  Workplace 


Work 

Concentrations  of  Cadmium  in  blood  * 

Study 

number 

environment 

(worker 

population 

monitored) 

Number 
in  study 

Employment 
in  years 
(mean) 

Mean 

concentration 
of  cadmium  in 
air  (fig/m  ^ 

Arithmetic 

mean 

(±S.D.)» 

Absolute 
range  or 
(95% 

C.I.)  * 

Geometric 

mean 

(+GSD)" 

Lower  95th 
percentile 
of  range*  ( 
)' 

Upper  95th 
percentile 
of  range*  ( 
)' 

Reference 

1 . 

Ni-Cd  battery 
plant  and 

3-40 

<90 

Lauwerys  et  al.  1976 

96 

21.4±1.9 

■'  ‘ 

(18) 

(25) 

Cd 

production 

plant: 

(Workers 

without 

kidney 

lesions). 

(Workers 

with 

25 

38.8+3.8 

(32) 

(45) 

kidney 

lesions). 

2 . 

Ni-Cd  battery 
plant 

Adamsson  et  al.  (1979). 

(Smokers) . 

7 

(5) 

10.1 

22.7 

7.3-67.2 

(Nonsmok- 

8 

(9) 

7.0 

7.0 

4.9-10.5 

ers). 

3 . 

Sukuri  et  al.  1982. 

alloy  plant: 

(High 

exposure 

7 

(10.6) 

[1,000-5  yrs; 

20.8+7.1 

(7.3) 

(34) 

9 

group). 

(Low 

exposure 

(7.3) 

40-5  yrs] 

7.1  ±1.1 

(5.1) 

(9.1) 

group). 

4  .. 

Retrospec¬ 
tive  study 

19 

15-41 

Roels  et  al.  1982. 

39.9+3.7 

11-179 

(34) 

(46) 

of  workers 
with  renal 
problems: 
(Before 
removal). 

(27.2) 

(After 

removal). 

*(4.2) 

14.1  ±5.6 

5.7-27.4 

(4.4) 

(24) 

5 . 

Ellis  et  al.  1983. 

production 

plant: 

(Workers 

without 

33 

1-34 

15+5.7 

7-31 

(5.4) 

(25) 

renal 
dysfunc¬ 
tion). 
(Workers 
with  renal 

18 

10-34 

24±8.5 

10-34 

(9.3) 

(39) 

dysfunc¬ 

tion). 

6 . 

Cd-Cu  alloy 
plant. 

75 

Up  to  39 

8.8+1. 1 

7.5 

10 

Mason  et  al.  1988. 
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Table  5.— Blood  Cadmium  in  Workers  Exposed  to  Cadmium  in  the  Workplace— Continued 


Work 

Mean 

concentration 
of  cadmium  in 
air  (jig/m  *) 

Concentrations  of  Cadmium  in  blood* 

Study 

number 

environment 

(worker 

population 

monitored) 

Number 
in  study 

Employment 
in  years 
(mean) 

Arithmetic 

mean 

(±S.D.)b 

Absolute 
range  or 
(95% 

C.l.)  * 

Geometric 

mean 

(iGSD)" 

Lower  95th 
percentile 
of  range'  ( 
)' 

Upper  95th 
percentile 
of  range'  ( 
)' 

Reference 

7 . 

45 

(19.0) 

7.9±2.0 

2.5 

25 

Thun  et  al.  1989. 

8 

recovery 
oper¬ 
ation — 
Current 
(19)  and 
former 
(26) 

workers. 

40 

10.2±5.3 

2.2-18.8 

(13) 

(19) 

Mueller  et,al.  1989. 

recovery 

operation 

The  data  in  Table  5  also  indicate  that  CDB 
levels  are  higher  among  those  experiencing 
current  occupational  exposure  than  those 
who  have  been  removed  from  such  exposure. 
Roels  et  al.  (1982)  indicate  that  CDB  levels 
observed  among  workers  experiencing 
ongoing  exposure  in  the  work  place  are 
almost  entirely  above  levels  observed  among 
workers  removed  from  such  exposure.  This 
finding  suggests  that  CDB  levels  decrease 
once  cadmium  exposure  has  ceased. 

A  comparison  of  the  data  presented  in 
Tables  4  and  5  indicates  that  CDB  levels 
observed  among  cadmium-exposed  workers 
is  significantly  higher  than  levels  observed 
among  the  unexposed  groups.  With  the 
exception  of  2  studies  presented  in  Table  5  (1 
of  which  includes  former  workers  in  the 
sample  group  tested),  the  lower  95th 
percentile  for  CDB  levels  among  exposed 
workers  are  greater  than  5  p.g/1,  which  is  the 
value  of  the  uppef  95th  percentile  for  CDB 
levels  observed  among  those  who  are  not 
occupationally  exposed.  Therefore,  a  CDB 
level  of  5  p.g/1  represents  a  threshold  above 
which  significant  work  place  exposure  to 
cadmium  may  be  occurring. 

5.1.7  Conclusions  and  Recommendations  for 
CDB 

Based  on  the  above  evaluation,  the 
following  recommendations  are  made  for  a 
CDB  proficiency  program. 

5.1.7.1  Recommended  Method 

The  method  of  Stoeppler  and  Brandt  (1980) 
should  be  adopted  for  analyzing  CDB.  This 
method  was  selected  over  other  methods  for 
its  straightforward  sample-preparation 
procedures,  and  because  limitations  of  the 
method  were  described  adequately.  It  also  is 
the  method  used  by  a  plurality  of  laboratories 
currently  participating  in  the  CTQ  proficiency 
program.  In  a  recent  CTQ  interlaboratory 
comparison  report  (CTQ  1991),  analysis  of  the 
methods  used  by  laboratories  to  measure 
CDB  indicates  that  46%  (11  of  24)  of  the 
participating  laboratories  used  the  Stoeppler 
and  Brandt  methodology  (HNOj 
deproteinization  of  blood  followed  by 
analysis  of  the  supernatant  by  GF-AAS). 
Other  CDB  methods  employed  by 
participating  laboratories  identified  in  the 
CTQ  report  include  dilution  of  blood  (29%), 


acid  digestion  (12%)  and  miscellaneous 
methods  (12%). 

Laboratories  may  adopt  alternate  methods, 
but  it  is  the  responsibility  of  the  laboratory  to 
demonstrate  that  the  alternate  methods  meet 
the  data  quality  objectives  defined  for  the 
Stoeppler  and  Brandt  method  (see  section 

5.1 .7.2  below). 

5.1.7.2  Data  Quality  Objectives 

Based  on  the  above  evaluation,  the 
following  data  quality  objectives  (DQOs) 
should  facilitate  interpretation  of  analytical 
results. 

Limit  of  Detection.  0.5  pg/1  should  be 
achievable  using  the  Stoeppler  and  Brandt 
method.  Stoeppler  and  Brandt  (1980)  report  a 
limit  of  detection  equivalent  to  <0.2  pg/1  in 
whole  blood  using  25  pi  aliquots  of 
deproteinized,  diluted  blood  samples. 

Accuracy.  Initially,  some  of  the 
laboratories  performing  CDB  measurements 
may  be  expected  to  satisfy  criteria  similar  to 
the  less  severe  criteria  specified  by  the  CTQ 
program,  i.e.,  measurements  within  2  pg/1  or 
15%  (whichever  is  greater)  of  the  target  value. 
About  60%  of  the  laboratories  enrolled  in  the 
CTQ  program  could  meet  this  criterion  on  the 
first  proficiencey  test  (Weber  1988). 

Currently,  approximately  12  laboratories  in 
the  CTQ  program  are  achieving  an  accuracy 
for  CDB  analysis  within  the  more  severe 
constraints  of  ±1  pg/1  or  15%  (whichever  is 
greater).  Later,  as  laboratories  gain 
experience,  they  should  achieve  the  level  of 
accuracy  exhibited  by  these  12  laboratories. 
The  experience  in  the  CTQ  program  has 
shown  that,  even  without  incentives, 
laboratories  benefit  from  the  feedback  of  the 
program;  after  they  have  analyzed  40-50 
control  samples  from  the  program, 
performance  improves  to  the  point  where 
about  60%  of  the  laboratories  can  meet  the 
stricter  criterion  of  ±1  p.g/1  or  15%  (Weber 
1988).  Thus,  this  stricter  target  accuracy  is  a 
reasonable  DQO. 

Precision.  Although  Stoeppler  and  Brandt 
(1980)  suggest  that  a  coefficient  of  variation 
(CV)  near  1.3%  (for  a  10  pg/1  concentration)  is 
achievable  for  within-run  reproducibility,  it  is 
recognized  that  other  factors  affecting  within- 
and  between-run  comparability  will  increase 
the  achievable  CV.  Stoeppler  and  Brandt 
(1980)  observed  CVs  that  were  as  high  as  30% 


for  low  concentrations  (0.4  ^tg/1),  and  CVs  of 
less  than  5%  for  higher  concentrations. 

For  internal  QC  samples  (see  section  3.3.1), 
laboratories  should  to  attain  an  overall 
precision  near  25%.  For  CDB  samples  with 
concentrations  less  than  2  p.g/1,  a  target 
precision  of  40%  is  reasonable,  while 
precisions  of  20%  should  be  achievable  for 
concentrations  greater  than  2  pg/1.  Although 
these  values  are  more  strict  than  values 
observed  in  the  CTQ  interlaboratory  program 
reported  by  Webber  (1988),  they  are  within 
the  achievable  limits  reported  by  Stoeppler 
and  Brandt  (1980). 

5.1.7.!*  Quality  Assurance/Quality  Control 

Commercial  laboratories  providing 
measurement  of  CDB  should  adopt  an 
internal  QA/QC  program  that  incorporates 
the  following  components:  Strict  adherence  to 
the  selected  method,  including  all  calibration 
requirements;  regular  incorporation  of  QC 
samples  during  actual  runs;  a  protocol  for 
corrective  actions,  and  documentation  of 
these  actions;  and,  participation  in  an 
interlaboratory  proficiency  program.  Note 
that  the  nonmandatory  QA/QC  program 
presented  in  Attachment  3  is  based  on  the 
Stoeppler  and  Brandt  method  for  CDB 
analysis.  Should  an  alternate  method  be 
adopted,  the  laboratory  should  develop  a 
QA/QC  program  satisfying  the  provisions  of 
Section  3.3.1. 

5.2  Measuring  Cadmium  in  Urine  (CDU) 

As  in  the  case  of  CDB  measurement,  proper 
determination  of  CDU  requires  strict 
analytical  discipline  regarding  collection  and 
handling  of  samples.  Because  cadmium  is 
both  ubiquitous  in  the  environment  and 
employed  widely  in  coloring  agents  for 
industrial  products  that  may  be  used  during 
sample  collection,  preparation  and  analysis, 
care  should  be  exercised  to  ensure  that 
samples  are  not  contaminated  during  the 
sampling  procedure. 

Methods  for  CDU  determination  share 
many  of  the  same  features  as  those  employed 
for  the  determination  of  CDB.  Thus,  changes 
and  improvements  to  methods  for  measuring 
CDU  over  the  past  40  years  parallel  those 
used  to  monitor  CDB.  The  direction  of 
development  has  largely  been  toward  the 
simplification  of  sample  preparation 
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techniques  made  possible  because  of 
improvements  in  analytic  techniques. 

5.2.1  Units  of  CDU  Measurement 

Procedures  adopted  for  reporting  CDU 
concentrations  are  not  uniform.  In  fact,  the 
situation  for  reporting  CDU  is  more 
complicated  than  for  CDB,  where 
concentrations  are  normalized  against  a  unit 
volume  of  whole  blood. 

Concentrations  of  solutes  in  urine  vary 
with  several  biological  factors  (including  the 
time  since  last  voiding  and  the  volume  of 
liquid  consumed  over  the  last  few  hours);  as  a 
result,  solute  concentrations  should  be 
normalized  against  another  characteristic  of 
urine  that  represents  changes  in  solute 
concentrations.  The  2  most  common 
techniques  are  either  to  standardize  solute 
concentrations  against  the  concentration  of 
creatinine,  or  to  standardize  solute 
concentrations  against  the  specific  gravity  of 
the  urine.  Thus,  CDU  concentrations  have 
been  reported  in  the  literature  as 
"uncorrected”  concentrations  of  cadmium  per 
volume  of  urine  (i.e.,  fig  Cd/1  urine), 
"corrected"  concentrations  of  cadmium  per 
volume  of  urine  at  a  standard  specific  gravity 
(i.e.,  fig  Cd/1  urine  at  a  specific  gravity  of 
1.020),  or  “corrected”  mass  concentration  per 
unit  mass  of  creatinine  (i.e.,  pg  Cd/g 
creatinine).  (CDU  concentrations  [whether 
uncorrected  or  corrected  for  specific  gravity, 
or  normalized  to  creatinine]  occasionally  are 
reported  in  nanomoles  [i.e.,  nmoles]  of 
cadmium  per  unit  mass  or  volume.  In  this 
protocol,  these  values  are  converted  to  pg  of 
cadmium  per  unit  mass  or  volume  using  89 
nmoles  of  cadmium =10  pg.) 

While  it  is  agreed  generally  that  urine 
values  of  analytes  should  be  normalized  for 
reporting  purposes,  some  debate  exists  over 
what  correction  method  should  be  used.  The 
medical  community  has  long  favored 
normalization  based  on  creatinine 
concentration,  a  common  urinary  constituent. 
Creatinine  is  a  normal  product  of  tissue 
catabolism,  is  excreted  at  a  uniform  rate,  and 
the  total  amount  excreted  per  day  is  constant 
on  a  day-to-day  basis  (NIOSH  1984b).  While 
this  correction  method  is  accepted  widely  in 
Europe,  and  within  some  occupational  health 
circles,  Kowals  (1983)  argues  that  the  use  of 
specific  gravity  (i.e.,  total  solids  per  unit 
volume)  is  more  straightforward  and 
practical  (than  creatinine)  in  adjusting  CDU 
values  for  populations  that  vary  by  age  or 
gender. 

Kowals  (1983)  found  that  urinary  creatinine 
(CRTU)  is  lower  in  females  than  males,  and 
also  varies  with  age.  Creatinine  excretion  is 
highest  in  younger  males  (20-30  years  old), 
decreases  at  middle  age  (50-00  years),  and 
may  rise  slightly  in  later  years.  Thus, 
cadmium  concentrations  may  be 
underestimated  for  some  workers  with  high 
CRTU  levels. 

Within  a  single  void  urine  collection,  urine 
concentration  of  any  analyte  will  be  affected 
by  recent  consumption  of  large  volumes  of 
liquids,  ancTby  heavy  physical  labor  in  hot 
environments.  The  absolute  amount  of 
analyte  excreted  may  be  identical,  but 
concentrations  will  vary  widely  so  that  urine 
must  be  corrected  for  specific  gravity  (i.e.,  to 
normalize  concentrations  to  the  quantity  of 
total  solute)  using  a  fixed  value  (e.g.,  1.020  or 


1.024).  However,  since  heavy-metal  exposure 
may  increase  urinary  protein  excretion,  there 
is  a  tendency  to  underestimate  cadmium 
concentrations  in  samples  with  high  specific 
gravities  when  specific-gravity  corrections 
are  applied. 

Despite  some  shortcomings,  reporting 
solute  concentrations  as  a  function  of 
creatinine  concentration  is  accepted 
generally;  OSHA  therefore  recommends  that 
CDU  levels  be  reported  as  the  mass  of 
cadmium  per  unit  mass  of  creatinine  (fig/g 
CTRU). 

Reporting  CDU  as  fig/g  CRTU  requires  an 
additional  analytical  process  beyond  the 
analysis  of  cadmium:  Samples  must  be 
analyzed  independently  for  creatinine  so  that 
results  may  be  reported  as  the  ratio  of 
cadmium  to  creatinine  concentrations  found 
in  the  urine  sample.  Consequently,  the  overall 
quality  of  the  analysis  depends  on  the 
combined  performance  by  a  laboratory  on 
these  2  determinations.  The  analysis  used  for 
CDU  determinations  is  addressed  below  in 
terms  of  fig  Cd/1,  with  analysis  of  creatinine 
addressed  separately.  Techniques  for 
assessing  creatinine  are  discussed  in  Section 
5.4. 

Techniques  for  deriving  cadmium  as  a  ratio 
of  CRTU,  and  the  confidence  limits  for 
independent  measurements  of  cadmium  and 
CRTU,  are  provided  in  Section  3.3.3. 

5.2.2  Analytical  Techniques  Used  to 
Monitor  CDU 

Analytical  techniques  used  for  CDU 
determinations  are  similar  to  those  employed 
for  CDB  determinations;  these  techniques  are 
summarized  in  Table  3.  As  with  CDB 
monitoring,  the  technique  most  suitable  for 
CDU  determinations  is  atomic  absorption 
spectroscopy  (AAS).  AAS  methods  used  for 
CDU  determinations  typically  employ  a 
graphite  furnace,  with  background  correction 
made  using  either  the  deuterium-lamp  or 
Zeeman  techniques;  Section  5.1.1  provides  a 
detailed  description  of  AAS  methods. 

5.2.3  Methods  Developed  for  CDU 
Determinations 

Princi  (1947),  Smith  et  al.  (1955),  Smith  and 
Kench  (1957),  and  Tsuchiya  (1967)  used 
colorimetric  procedures  similar  to  those 
described  in  the  CDB  section  above  to 
estimate  CDU  concentrations.  In  these 
methods,  urine  (50  ml)  is  reduced  to  dryness 
by  heating  in  a  sand  bath  and  digested  (wet 
ashed)  with  mineral  acids.  Cadmium  then  is 
complexed  with  dithiazone,  extracted  with 
chloroform  and  quantified  by 
spectrophotometry.  These  early  studies 
typically  report  reagent  blank  values 
equivalent  to  0.3  fig  Cd/1,  and  CDU 
concentrations  among  nonexposed  control 
groups  at  maximum  levels  of  10  fig  Cd/1 — 
erroneously  high  values  when  compared  to 
more  recent  surveys  of  cadmium 
concentrations  in  the  general  population. 

By  the  mid-1970s,  most  analytical 
procedures  for  CDU  analysis  used  either  wet 
ashing  (mineral  acid)  or  high  temperatures 
(>400  °C)  to  digest  the  organic  matrix  of 
urine,  followed  by  cadmium  chelation  with 
APDC  or  DDTC  solutions  and  extraction  with 
MIBK.  The  resulting  aliquots  were  analyzed 
by  flame  or  graphite-furnace  AAS  (Kjellstrom 
1979). 


Improvements  in  control  over  temperature 
parameters  with  electrothermal  heating 
devices  used  in  conjunction  with  flameless 
AAS  techniques,  and  optimization  of 
temperature  programs  for  controlling  the 
drying,  charring,  and  atomization  processes 
in  sample  analyses,  led  to  improved 
analytical  detection  of  diluted  urine  samples 
without  the  need  for  sample  digestion  or 
ashing.  Roels  et  al.  (1978)  successfully  used  a 
simple  sample  preparation,  dilution  of  1.0  ml 
aliquots  of  urine  with  0.1  N  HNOs,  to  achieve 
accurate  low-level  determinations  of  CDU. 

In  the  method  described  by  Pruszkowska  et 
al.  (1983),  which  has  become  the  preferred 
method  for  CDU  analysis,  urine  samples  were 
diluted  at  a  ratio  of  1:5  with  water; 
diammonium  hydrogenphosphate  in  dilute 
HNOs  was  used  as  a  matrix  modifier.  The 
matrix  modifier  allows  for  a  higher  charring 
temperature  without  loss  of  cadmium  through 
volatilization  during  pre-atomization.  This 
procedure  also  employs  a  stabilized 
temperature  platform  in  a  graphite  furnace, 
while  nonspecific  background  absorbtion  is 
corrected  using  the  Zeeman  technique.  This 
method  allows  for  an  absolute  detection  limit 
of  approximately  0.04  pg  Cd/1  urine. 

5.2.4  Sample  Collection  and  Handling 

Sample  collection  procedures  for  CDU  may 

contribute  to  variability  observed  among 
CDU  measurements.  Sources  of  variation 
attendant  to  sampling  include  time-of-day, 
the  interval  since  ingestion  of  liquids,  and  the 
introduction  of  external  contamination  during 
the  collection  process.  Therefore,  to  minimize 
contributions  from  these  variables,  strict 
adherence  to  a  sample-collection  protocol  is 
recommended.  This  a  protocol  should  include 
provisions  for  normalizing  the  conditions 
under  which  urine  is  collected.  Every  effort 
also  should  be  made  to  collect  samples 
during  the  same  time  of  day. 

Collection  of  urine  samples  from  an 
industrial  work  force  for  biological 
monitoring  purposes  usually  is  performed 
using  "spot”  (i.e.,  single-void)  urine  with  the 
pH  of  the  sample  determined  immediately. 
Logistic  and  sample-integrity  problems  arise 
when  efforts  are  made  to  collect  urine  over 
long  periods  (e.g.,  24  hrs).  Unless  single-void 
urines  are  used,  there  are  numerous 
opportunities  for  measurement  error  because 
of  poor  control  over  sample  collection, 
storage  and  environmental  contamination. 

To  minimize  the  interval  during  which 
sample  urine  resides  in  the  bladder,  the 
following  adaption  to  the  "spot”  collection 
procedure  is  recommended:  The  bladder 
should  first  be  emptied,  and  then  a  large  glas9 
of  water  should  be  consumed;  the  sample 
may  be  collected  within  an  hour  after  the 
water  is  consumed. 

5.2.5  Best  Achievable  Performance 

Performance  using  a  particular  method  for 

CDU  determinations  is  assumed  to  be 
equivalent  to  the  performance  reported  by 
the  research  laboratories  in  which  the 
method  was  developed.  Pruszkowska  et  al. 
(1983)  report  a  detection  limit  of  0.04  pg/1 
CDU,  with  a  CV  of  <4%  between  0-5  pg/1. 
The  CDC  reports  a  minimum  CDU  detection 
limit  of  0.07  fig/l  using  a  modified  method 
based  on  Pruszkowska  et  al.  (1983).  No  CV  i9 
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stated  in  this  protocol;  the  protocol  contains 
only  rejection  criteria  for  internal  QC 
parameters  used  during  accuracy 
determinations  with  known  standards 
(Attachment  8  of  exhibit  106  of  OSHA  docket 
H057A).  Stoeppler  and  Brandt  (1980)  report  a 
CDU  detection  limit  of  0.2  pg/1  for  iheir 
methodology. 

5.2.6  General  Method  Performance 

For  any  particular  method,  the  expected 
initial  performance  from  commercial 
laboratories  may  be  somewhat  lower  than 
that  reported  by  the  research  laboratory  in 
which  the  method  was  developed.  With 
participation  in  appropriate  proficiency 
programs,  and  use  of  a  proper  in-house  QA/ 
QC  program  incorporating  provisions  for 
regular  corrective  actions,  the  performance  of 
commercial  laboratories  may  be  expected  to 
improve  and  approach  that  reported  by  a 
research  laboratories.  The  results  reported 
for  existing  proficiency  programs  serve  to 
specify  the  initial  level  of  performance  that 
likely  can  be  expected  from  commercial 
laboratories  offering  analysis  using  a 
particular  method. 

Weber  (1988)  reports  on  the  results  of  the 
CTQ  proficiency  program,  which  includes 
CDU  results  for  laboratories  participating  in 
the  program.  Results  indicate  that  after 
receiving  60  samples  (Le„  after  participating 
in  tire  program  for  approximately  3  years), 
approximately  80%  of  the  participating 
laboratories  report  CDU  results  ranging 
between  ±2  ftg/1  or  15%  of  the  consensus 
mean,  whichever  is  greater.  On  any  single 
sample  of  the  last  15  samples,  the  proportion 
of  laboratories  falling  within  the  specified 
range  is  between  75  and  95%,  except  for  a 
single  test  for  which  only  60%  of  the 
laboratories  reported  acceptable  results.  For 
each  of  the  last  15  samples,  approximately 
60%  of  the  laboratories  reported  results 
within  ±1  pg  or  15%  of  the  mean,  whichever 
is  greater.  The  range  of  concentrations 


included  in  this  set  of  samples  was  not 
reported. 

Another  report  from  the  CTQ  (1991) 
summarizes  preliminary  CDU  results  from 
their  1991  interlaboratory  program.  According 
to  the  report,  for  3  CDU  samples  with  values 
of  9.0, 16.8,  31.5  pg/1,  acceptable  results 
(target  ±2  p.g/1)  were  achieved  by  only  44- 
52%  of  the  34  laboratories  participating  in  the 
CDU  program.  The  overall  CVs  for  these  3 
CDU  samples  among  the  34  participating 
laboratories  were  31%,  25%,  and  49%, 
respectively.  The  reason  for  this  poor 
performance  has  not  been  determined. 

A  more  recent  report  from  the  CTQ 
(Weber,  private  communication)  indicates 
that  36%  of  the  laboratories  in  the  program 
have  been  able  to  achieve  the  target  of  ±1 
pg/1  or  15%  for  more  than  75%  of  the  samples 
analyzed  over  the  last  5  years,  while  45%  of 
participating  laboratories  achieved  a  target  of 
±2  pg/1  or  15%  for  more  than  75%  of  the 
samples  analyzed  over  the  same  period. 

Note  that  results  reported  in  the 
interlaboratory  programs  are  in  terms  of  pg 
Cd/1  of  urine,  unadjusted  for  creatinine.  The 
performance  indicated,  therefore,  is  a 
measure  of  the  performance  of  the  cadmium 
portion  of  the  analyses,  and  does  not  include 
variation  that  may  be  introduced  during  the 
analysis  of  CRTU. 

5.2.7  Observed  CDU  Concentrations 

Prior  to  the  onset  of  renal  dysfunction, 

CDU  concentrations  provide  a  general 
indication  of  the  exposure  history  (i.e.,  body 
burden)(8ee  Section  4.3).  Once  renal 
dysfunction  occurs,  CDU  levels  appear  to 
increase  and  are  no  longer  indicative  solely 
of  cadmium  body  burden  (Friberg  and  Elinder 
1988). 

5.2.7.1  Range  of  CDU  Concentrations 
Observed  Among  Unexposed  Samples 

Surveys  of  CDU  concentrations  in  the 
general  population  were  first  reported  from 
cooperative  studies  among  industrial 


countries  (i.e.,  japan,  U.S.  and  Sweden) 
conducted  in  the  mid-1970s.  In  summarizing 
these  data,  Kjellstrom  (1979)  reported  that 
CDU  concentrations  among  Dallas,  Texas 
men  (age  range:  <9-59  years;  smokers  and 
nonsmokers)  varied  from  0.11-1.12  pg/1 
(uncorrected  for  creatinine  or  specific 
gravity).  These  CDU  concentrations  are 
intermediate  between  population  values 
found  in  Sweden  (range:  0.11-0.80  pg/1)  and 
japan  (range:  0.14-2.32  p.g/1). 

Kowal  and  Zirkes  (1983)  reported  CDU 
concentrations  for  almost  1.000  samples 
collected  during  1978-79  from  the  general  U.S. 
adult  population  (i.e.,  nine  states;  both 
genders;  ages  20-74  years).  They  report  that 
CDU  concentrations  are  lognormally 
distributed;  low  levels  predominated,  but  a 
small  proportion  of  the  population  exhibited 
high  levels.  These  investigators  transformed 
the  CDU  concentrations  values,  and  reported 
the  same  data  3  different  ways:  pg/1  urine 
(unadjusted),  pg/1  (specific  gravity  adjusted 
to  1.020),  and  pg/g  CRTU.  These  data  are 
summarized  in  Tables  6  and  7. 

Based  on  further  statistical  examination  of 
these  data,  including  the  lifestyle 
characteristics  of  this  group.  Kowal  (1988) 
suggested  increased  cadmium  absorption 
(i.e.,  body  burden)  was  correlated  with  low 
dietary  intakes  of  calcium  and  iron,  as  well 
as  cigarette  smoking. 

CDU  levels  presented  in  Table  6  are 
adjusted  for  age  and  gender.  Results  suggest 
that  CDU  levels  may  be  slightly  different 
among  men  and  women  (i.e.,  higher  among 
men  when  values  are  unadjusted,  but  lower 
among  men  when  the  values  are  adjusted,  for 
specific  gravity  or  CRTU).  Mean  differences 
among  men  and  women  are  small  compared 
to  the  standard  deviations,  and  therefore  may 
not  be  significant  Levels  of  CDU  also  appear 
to  increase  with  age.  The  data  in  Table  6 
suggest  as  well  that  reporting  CDU  levels 
adjusted  for  specific  gravity  or  as  a  function 
of  CRTU  results  in  reduced  variability. 


Table  6.— Urine  Cadmium  Concentrations  in  the  U.S.  Adult  Population:  Normal  and  Concentration-Adjusted  Values 

By  Age  and  Sex  1 


• 

Geometric  means  (and  geometric  standard 
deviations) 

Unadjusted 
Otg/i ) 

SG-adjusted  1 
Oig/I  at  1.020) 

Creatine- 
adjusted  (fig/ 
9) 

Sex: 

Male  (n=484) . 

0.55  (2.9) 
0.49  (3.0) 

0.32  (3.0) 
0.46  (3.2) 
0.50  (3.0) 
0.61  (2.9) 
0.76  (2.6) 

0.73  (2.6) 
0.86  (2.7) 

0.43  (2.7) 
0.70  (2.8) 
0.81  (2.6) 
0.99  (2.4) 
1.16(2.3) 

0.55  (2.7) 
0.78  (2.7) 

0.32  (2.7) 
0.54  (2.7) 
0.70  (2.7) 
0.90  (2.3) 
1.03  (Z3) 

Female  (n=498) . 

Age: 

20-29(n=222) . 

30-39  (n=141) . 

40-49  (n=  142) . 

50-59  (n  =  117) . 

60-69  (n=272) . _  _ 

'From  Kowal  and  Zirkes  1983. 

*  SC-adjusted  is  adjusted  for  specific  gravity. 
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Table  7— Urine  Cadmium  Concentrations  in  the  U.S.  Adult  Population:  Cumulative  Frequency  Distribution  of 

Urinary  Cadmium  (N=982) 1 

[In  percentage] 


Range  of  concentrations 


Unadjusted 

(M9'l) 

SG-adjusted 
(/ig/l  at  1.020) 

CreaBne- 
adjusted  (*ig/ 

0) 

43.9 

28.0 

35.8 

71.7 

56.4 

65.6 

84.4 

748 

81.4 

91.3 

889 

97.3 

94.4 

95.8 

98.8 

97.2 

99.4 

Ti 

97.9 

996 

99.3 

998 

998 

’Source:  Kowal  and  Zirkes  (1983). 


The  data  in  the  Table  6  indicate  the 
geometric  mean  of  CDU  levels  observed 
among  the  general  population  is  0.52  fig  Cd/1 
urine  (unadjusted),  with  a  geometric  standard 
deviation  of  3.0.  Normalized  for  creatinine, 
the  geometric  mean  for  the  population  is  0.66 
fig/g  CRTU,  with  a  geometric  standard 
deviation  of  2.7.  Table  7  provides  die 
distributions  of  CDU  concentrations  for  the 
general  population  studied  by  Kowal  and 
Zirkes.  The  data  in  this  table  indicate  that 
95%  of  the  CDU  levels  observed  among  those 


not  occupationally  exposed  to  cadmium  are 
below  3  fig/g  CRTU. 

5.2.7.2  Range  of  CDU  Concentrations 
Observed  Among  Exposed  Workers 
Table  8  is  a  summary  of  results  from 
available  studies  of  CDU  concentrations 
observed  among  cadmium-exposed  workers. 
In  this  table,  arithmetic  and/or  geometric 
means  and  standard  deviations  are  provided 
if  reported  in  these  studies.  The  absolute 
range  for  the  data  in  each  study,  or  the  95% 


confidence  interval  around  the  mean  of  each 
study,  also  are  provided  when  reported.  The 
lower  and  upper  95th  percentile  of  the 
distribution  are  presented  for  each  study  in 
which  a  mean  and  corresponding  standard 
deviation  were  reported.  Table  8  also 
provides  estimates  of  the  years  of  exposure, 
and  the  levels  of  exposure,  to  cadmium  in  the 
work  place  if  reported  in  these  studies. 
Concentrations  reported  in  this  table  are  in 
fig/g  CRTU,  unless  otherwise  stated. 


Table  8.— Urine  Cadmium  Concentration’s  in  Workers  Exposed  to  Cadmium  in  the  Workplace 


environment 

(worker 

numbef  population 
monitored) 


Ni-Cd  battery 
plant  and 
Cd 

production 
plant. 
(Workers 
without 
kidney 
lesions). 
(Workers 
with 
kidney 
lesions). 
Ni-Cd  battery 
plant 

(Smokers)... 

(Nonsmok¬ 

ers). 

Cadmium 


production 

facility. 

Retrospec¬ 
tive  study 
of  workers 
with  renal 
problems. 
(Before 
removal)- 
(Alter 
removal). 

Cadmium 

production 

plant 


Employment 
in  years 
(mean) 

Mean 

Concentration 
of  cadmium  in 
air  (jig/m  ^ 

Concentration  of  cadmium  in  Urine  * 

Arithmetic 
mean (± 
S.DJ* 

Absolute 
range  or 
(96% 
C.L)* 

Geometric 

mean 

(±GSD)« 

Lower  95th 
percentile 
of  ranpe* 

Upper  95th  ! 
percentile 
of  rar^je* 

Reference 

Lauwerys  et  aL  1976. 


Adamsson  et  a).  (1979). 


Butchet  etal.  1980. 


Roets  etaL  1982. 


EUs  et  aL  1963. 
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Table  8.— Urine  Cadmium  Concentration's  in  Workers  Exposed  to  Cadmium  in  the  Workplace— Continued 


Work 

Mean 

Concentration 
of  cadmium  in 
air  (pg/m  ^ 

Concentration  of  cadmium  in  Urine  • 

Study 

number 

environment 

(worker 

population 

monitored) 

Number 
In  Study 
(") 

Employment 
in  years 
(mean) 

Arithmetic 
mean  (± 
S.D.) <- 

Absolute 
range  or 
(95% 

C.I.) * 

Geometric 

mean 

(±GSD>* 

Lower  95th 
percentile 
of  ranpe  * 

Upper  95th 
percentile 
of  ranpe* 

Reference 

(Workers 

without 

33 

1-34 

9.4  ±6.9 

2-27 

(0) 

(21) 

renal 
dysfunc¬ 
tion). 
(Workers 
with  renal 

18 

10-34 

22.8  ±12.7 

8-55 

(D 

(45) 

dysfunc¬ 

tion). 

6  .  . 

Cd-Cu  alloy 
plant 

75 

Up  to  39 

Note  h 

6  9^9.4 

(0) 

(23) 

l 

■ 

Mason  et  al.  1988. 

7 

Cadmium 

recovery 

45 

(19) 

87 

9.3  ±6.9 

(0) 

(21) 

Thun  et  al.  1989. 

operation. 

8 

Pigment 

manufac- 

29 

(12.8) 

0.18-3.0 

0.2-9.5 

1.1 

Mueller  et  al.  1989 

turing 

plant 

9 

Pigment 

manufac- 

26 

(12.1) 

£3.0 

1.25±2.45 

0.3 

6 

Kawada  et  al.  1990 

turing 

! 

plant 

Data  in  Table  B  from  Lauwerys  et  aL  (1976) 
and  Ellis  et  al.  (1983)  indicate  that  CDU 
concentrations  are  higher  among  those 
exhibiting  kidney  lesions  or  dysfunction  than 
among  those  lacking  these  symptoms.  Data 
from  the  study  by  Roels  et  al.  (1982)  indicate 
that  CDU  levels  decrease  among  workers 
removed  from  occupational  exposure  to 
cadmium  in  comparison  to  workers 
experiencing  ongoing  exposure.  In  both  cases, 
however,  the  distinction  between  the  2 
groups  is  not  as  clear  as  with  CDB;  there  is 
more  overlap  in  CDU  levels  observed  among 
each  of  the  paired  populations  than  is  true  for 
corresponding  CDB  levels.  As  with  CDB 
levels,  the  data  in  Table  8  suggest  increased 
CDU  concentrations  among  workers  who 
experienced  increased  overall  exposure. 

Although  a  few  occupationally-exposed 
workers  in  the  studies  presented  in  Table  8 
exhibit  CDU  levels  below  3  pg/g  CRTU,  most 
of  those  workers  exposed  to  cadmium  levels 
in  excess  of  the  PEL  defined  in  the  final 
cadmium  rule  exhibit  CDU  levels  above  3  pg/ 
g  CRTU;  this  level  represents  the  upper  95th 
percentile  of  the  CDU  distribution  observed 
among  those  who  are  not  occupationally 
exposed  to  cadmium  (Table  7). 

The  mean  CDU  levels  reported  in  Table  8 
among  occupationally-exposed  groups 
studied  (except  2)  exceed  3  pg/g  CRTU. 
Correspondingly,  the  level  of  exposure 
reported  in  these  studies  (with  1  exception) 
are  significantly  higher  than  what  workers 
will  experience  under  the  final  cadmium  rule. 
The  2  exceptions  are  from  the  studies  by 
Mueller  et  al.  (1989)  and  Kawada  et  al.  (1990); 
these  studies  indicate  that  workers  exposed 
to  cadmium  during  pigment  manufacture  do 
not  exhibit  CDU  levels  as  high  as  those  levels 
observed  among  workers  exposed  to 
cadmium  in  other  occupations.  Exposure 
levels,  however,  were  lower  in  the  pigment 
manufacturing  plants  studied.  Significantly, 
workers  removed  from  occupational 
cadmium  exposure  for  an  average  of  4  years 


still  exhibited  CDU  levels  in  excess  of  3  pg/g 
CRTU  (Roels  et  al.  1982).  In  the  single¬ 
exception  study  with  a  reported  level  of 
cadmium  exposure  lower  than  levels 
proposed  in  the  final  rule  (i.e„  the  study  of  a 
pigment  manufacturing  plant  by  Kawada  et 
al.  1990),  most  of  the  workers  exhibited  CDU 
levels  less  than  3  pg/g  CRTU  (i.e.,  the  mean 
value  was  only  1.3  pg/g  CRTU).  CDU  levels 
among  workers  with  such  limited  cadmium 
exposure  are  expected  to  be  significantly 
lower  than  levels  reported  on  Table  8. 

Based  on  the  above  data,  a  CDU  level  of  3 
pg/g  CRTU  appear  to  represent  a  threshold 
above  which  significant  work  place  exposure 
to  cadmium  occurs  over  the  work  span  of 
those  being  monitored.  Note  that  this 
threshold  is  not  as  distinct  as  the 
corresponding  threshold  described  for  CDB. 

In  general,  the  variability  associated  with 
CDU  measurements  among  exposed  workers 
appears  to  be  higher  than  the  variability 
associated  with  CDB  measurements  among 
similar  workers. 

5.2.8  Conclusions  and  Recommendations  for 
CDU 

The  above  evaluation  supports  the 
following  recommendations  for  a  CDU 
proficiency  program.  These  recommendations 
address  only  sampling  and  analysis 
procedures  for  CDU  determinations 
specifically,  which  are  to  be  reported  as  an 
unadjusted  pg  Cd/1  urine.  Normalizing  this 
result  to  creatinine  requires  a  second 
analysis  for  CRTU  so  that  the  ratio  of  the  2 
measurements  can  be  obtained.  Creatinine 
analysis  is  addressed  in  Section  5.4.  Formal 
procedures  for  combining  the  2 
measurements  to  derive  a  value  and  a 
confidence  limit  for  CDU  in  pg/g  CRTU  are 
provided  in  Section  3.3.3. 

5.2.8.1  Recommended  Method 

The  method  of  Pruszkowska  et  al.  (1983) 
should  be  adopted  for  CDU  analysis.  This 


method  is  recommended  because  it  is  simple, 
straightforward  and  reliable  (i.e.,  small 
variations  in  experimental  conditions  do  not 
affect  the  analytical  results). 

A  synopsis  of  the  methods  used  by 
laboratories  to  determine  CDU  under  the 
interlaboratory  program  administered  by  the 
CTQ  (1991)  indicates  that  more  than  78%  (24 
of  31)  of  the  participating  laboratories  use  a 
dilution  method  to  prepare  urine  samples  for 
CDU  analysis.  Laboratories  may  adopt 
alternate  methods,  but  it  is  the  responsibility 
of  the  laboratory  to  demonstrate  that  the 
alternate  methods  provide  results  of 
comparable  quality  to  the  Pruszkowska 
method. 

5.2.B.2  Data  Quality  Objecti\res 

The  following  data  quality  objectives 
should  facilitate  interpretation  of  analytical 
results,  and  are  achievable  based  on  the 
above  evaluation. 

Limit  of  Detection.  A  level  of  0.5  pg/1  (i.e.. 
corresponding  to  a  detection  limit  of  0.5  pg/g 
CRTU.  assuming  1  g  CRT/1  urine)  should  be 
achievable.  Pruszkowska  et  al.  (1983) 
achieved  a  limit  of  detection  of  0.04  pg/1  for 
CDU  based  on  the  slope  the  the  curve  for 
their  working  standards  (0.35  pg  Cd/0.0044,  A 
signal =1%  absorbance  using  GF-AAS). 

The  CDC  reports  a  minimum  detection  limit 
for  CDU  of  0.07  pg/1  using  a  modified 
Pruszkowska  method.  This  limit  of  detection 
was  defined  as  3  times  the  standard 
deviation  calculated  from  10  repeated 
measurements  of  a  “low  level"  CDU  test, 
sample  (Attachment  8  of  exhibit  106  of  OSHA 
docket  H057A). 

Stoeppler  and  Brandt  (1980)  report  a  limit 
of  detection  for  CDU  of  0.2  pg/1  using  an 
aqueous  dilution  (1:2)  of  the  urine  samples. 

Accuracy.  A  recent  report  from  the  CTQ 
(Weber,  private  communication)  indicates 
that  36%  of  the  laboratories  in  the  program 
achieve  the  target  of  ±1  pg/1  or  15%  for  more 
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than  75%  of  the  samples  analyzed  over  the 
last  5  years,  while  45%  of  participating 
laboratories  achieve  a  target  of  ±2  pg/1  or 
15%  for  more  than  75%  of  the  samples 
analyzed  over  the  same  period.  With  time 
and  a  strong  incentive  for  improvement,  it  is 
expected  that  the  proportion  of  laboratories 
successfully  achieving  the  stricter  level  of 
accuracy  should  increase.  It  should  be  noted, 
however,  these  indices  of  performance  do  not 
include  variations  resulting  from  the  ancillary 
measurement  of  CRTU  (which  is 
recommended  for  die  proper  recording  of 
results).  The  low  cadmium  levels  expected  to 
be  measured  indicate  that  the  analysis  of 
creatinine  will  contribute  relatively  little  to 
the  overall  variability  observed  among 
creatinine-normalized  CDU  levels  (see 
Section  5.4).  The  initial  target  value  for 
reporting  CDU  under  this  program,  therefore, 
is  set  at  ±1  pg/g  CRTU  or  15%  (whichever  is 
greater). 

Precision.  For  internal  QC  samples  (which 
are  recommended  as  part  of  an  internal  QA / 
QC  program.  Section  3.3.1),  laboratories 
should  attain  an  overall  precision  of  25%.  For 
CDB  samples  with  concentrations  less  than  2 
pg/1,  a  target  precision  of  40%  is,  while 
precisions  of  20%  should  be  achievable  for 
CDU  concentrations  greater  than  2  pg/l. 
Although  these  values  are  more  stringent 
than  those  observed  in  the  CTQ 
interlaboratory  program  reported  by  Webber 
(1988),  they  are  well  within  limits  expected  to 
be  achievable  for  the  method  as  reported  by 
Stoeppler  and  Brandt  (1980). 

5. 2.8.3  Quality  Assurance /Quality  Control 

Commercial  laboratories  providing  CDU 

determinations  should  adopt  an  internal  QA/ 
QC  program  that  incorporates  the  following 
components:  Strict  adherence  to  the  selected 
method,  including  calibration  requirements; 
regular  incorporation  of  QC  samples  during 
actual  runs;  a  protocol  for  corrective  actions, 
and  documentation  of  such  actions;  and, 
participation  in  an  interlaboratory 
proficiency  program.  Note  that  the 
nonmandatory  program  presented  in 
Attachment  1  as  an  example  of  an  acceptable 
QA/QC  program,  is  based  on  using  the 
Pruszkowska  method  for  CDU  analysis. 
Should  an  alternate  method  be  adopted  by  a 
laboratory,  the  laboratory  should  develop  a 
QA/QC  program  equivalent  to  the 
nonmandatory  program,  and  which  satisfies 
the  provisions  of  Section  3.3.1. 

5.3  Monitoring  P - 2-Microglobulin  m  Urine 
(B2MU). 

As  indicated  in  Section  4.3,  B2MU  appears 
to  be  the  best  of  several  small  proteins  that 
may  be  monitored  as  early  indicators  of 
cadmium-induced  renal  damage.  Several 
analytic  techniques  are  available  for 
measuring  B2M. 

5.3.1  Units  of  B2MU  Measurement 

Procedures  adopted  for  reporting  B2MU 
levels  are  not  uniform.  In  these  guidelines, 
OSHA  recommends  that  B2MU  levels  be 
reported  as  pg/g  CRTU,  similar  to  reporting 
CDU  concentrations.  Reporting  H2MU 
normalized  to  the  concentration  of  CRTU 
requires  an  additional  analytical  process 
beyond  the  analysis  of  B2M:  Independent 
analysis  for  creatinine  so  that  results  may  be 


reported  as  a  ratio  of  the  B2M  and  creatinine 
concentrations  found  in  the  urine  sample. 
Consequently,  the  overall  quality  of  the 
analysis  depends  on  the  combined 
performance  on  these  2  analyses.  The 
analysis  used  for  B2MU  determinations  is 
described  in  terms  of  fig  B2M/1  urine,  with 
analysis  of  creatinine  addressed  separately. 
Techniques  used  to  measure  creatinine  are 
provided  in  Section  5.4.  Note  that  Section 

3.3 .3  provides  techniques  for  deriving  the 
value  of  B2M  as  function  of  CRTU.  and  the 
confidence  limits  for  independent 
measurements  of  B2M  and  CRTU. 

5.3.2  Analytical  Techniques  Used  to 
Monitor  B2MU 

One  of  the  earliest  tests  used  to  measure 
B2MU  was  the  radial  immunodiffusion 
technique.  This  technique  is  a  simple  and 
specific  method  for  identification  and 
quantitation  of  a  number  of  proteins  found  in 
human  serum  and  other  body  fluids  when  the 
protein  is  not  readily  differentiated  by 
standard  electrophoretic  procedures.  A 
quantitative  relationship  exists  between  the 
concentration  of  a  protein  deposited  in  a  well 
that  is  cut  into  a  thin  agarose  layer  containing 
the  corresponding  monospecific  antiserum, 
and  the  distance  that  the  resultant  complex 
diffuses.  The  wells  are  filled  with  an 
unknown  serum  and  the  standard  (or 
control),  and  incubated  in  a  moist 
environment  at  room  temperature.  After  the 
optimal  point  of  diffusion  has  been  reached, 
the  diameters  of  the  resulting  precipition 
rings  are  measured.  The  diameter  of  a  ring  is 
related  to  the  concentration  of  the  constituent 
substance.  For  B2MU  determinations 
required  in  the  medical  monitoring  program, 
this  method  requires  a  process  that  may  be 
insufficient  to  concentrate  the  protein  to 
levels  that  are  required  for  detection. 

Radioimmunoassay  (RIA)  techniques  are 
used  widely  in  immunologic  assays  to 
measure  the  concentration  of  antigen  or 
antibody  in  body-fluid  samples.  RIA 
procedures  are  based  on  competitive-binding 
techniques.  If  antigen  concentration  is  being 
measured,  the  principle  underlying  the 
procedure  is  that  radioactive-labeled  antigen 
competes  with  the  sample’s  unlabeled 
antigen  for  binding  sites  on  a  known  amount 
of  immobile  antibody.  When  these  3 
components  are  present  in  the  system,  an 
equilibrium  exists.  This  equilibrium  is 
followed  by  a  separation  of  the  free  and 
bound  forms  of  the  antigen.  Either  free  or 
bound  radioactive-labeled  antigen  can  be 
assessed  to  determine  the  amount  of  antigen 
in  the  sample.  The  analysis  is  performed  by 
measuring  the  level  of  radiation  emitted 
either  by  the  bound  complex  following 
removal  of  the  solution  containing  the  free 
antigen,  or  by  the  isolated  solution  containing 
the  residual-free  antigen.  The  main 
advantage  of  the  RIA  method  is  the  extreme 
sensitivity  of  detection  for  emitted  radiation 
and  the  corresponding  ability  to  detect  trace 
amounts  of  antigen.  Additionally,  large 
numbers  of  tests  can  be  performed  rapidly. 

The  enzyme-linked  immunosorbent  assay 
(ELISA)  techniques  are  similar  to  RIA 
techniques  except  that  nonradioactive  labels 
are  employed.  This  technique  is  safe,  specific 
and  rapid,  and  is  nearly  as  sensitive  as  RIA 
techniques.  An  enzyme-labeled  antigen  is 


used  in  the  immunologic  assay:  the  labeled 
antigen  detects  the  presence  and  quantity  of 
unlabeled  antigen  in  the  sample.  In  a 
representative  ELISA  test,  a  plastic  plate  is 
coated  with  antibody  (e.g,  antibody  to  B2M). 
The  antibody  reacts  with  antigen  (B2M)  in 
the  urine  and  forms  an  antigen-antibody 
complex  on  the  plate.  A  second  anti-B2M 
antibody  (i.e..  labeled  with  an  enzyme)  is 
added  to  the  mixture  and  forms  an  antibody- 
antigen-antibody  complex.  Enzyme  activity  is 
measured  spectrophotometrically  after  the 
addition  of  a  specific  chromogenic  substrate 
which  is  activated  by  the  bound  enzyme.  The 
results  of  a  typical  test  are  calculated  by 
comparing  the  spectrophotometric  reading  of 
a  serum  sample  to  that  of  a  control  or 
reference  serum.  In  general,  these  procedures 
are  faster  and  require  less  laboratory  work 
than  other  methods. 

In  a  fluorescent  ELISA  technique  (such  as 
the  one  employed  In  the  Pharmacia  Delphia 
test  for  B2M),  the  labeled  enzyme  is  bound  to 
a  strong  fluorescent  dye.  In  the  Pharmacia 
Delphia  test,  an  antigen  bound  to  a 
fluorescent  dye  competes  with  unlabeled 
antigen  in  the  sample  for  a  predetermined 
amount  of  specific,  immobile  antibody.  Once 
equilibrium  is  reached,  the  immobile  phase  is 
removed  from  the  labeled  antigen  in  the 
sample  solution  and  washed;  an 
enhancement  solution  then  is  added  that 
liberates  the  fluorescent  dye  from  the  bound 
antigen-antibody  complex.  The  enhancement 
solution  also  contains  a  chelate  that 
complexes  with  the  fluorescent  dye  in 
solution;  this  complex  increases  the 
fluorescent  properties  of  the  dye  so  that  it  is 
easier  to  detect 

To  determine  the  quantity  of  B2M  in  a 
sample  using  the  Pharmacia  Delphia  test  the 
intensity  of  the  fluorescence  of  the 
enhancement  solution  is  measured.  This 
intensity  is  proportional  to  the  concentration 
of  labeled  antigen  that  bound  to  the  immobile 
antibody  phase  during  the  initial  competition 
with  unlabeled  antigen  from  the  sample. 
Consequently,  the  intensity  of  the 
fluorescence  is  an  inverse  function  of  the 
concentration  of  antigen  (B2M)  in  the  original 
sample.  The  relationship  between  the 
fluorescence  level  and  the  B2M  concentration 
in  the  sample  is  determined  using  a  series  of 
graded  standards,  and  extrapolating  these 
standards  to  find  the  concentration  of  the 
unknown  sample. 

5J .3  Methods  Developed  for  B2MU 
Determinations 

B2MU  usually  is  measured  by 
radioimmunoassay  (RIA)  or  enzyme-linked 
immunosorbent  assay  (ELISA);  however, 
other  methods  (including  gel  electrophoresis, 
radial  immunodiffusion,  and  nephelometric 
assays)  also  have  been  described  (Schardun 
and  van  Epps  1987).  RIA  and  ELISA  methods 
are  preferred  because  they  are  sensitive  at 
concentrations  as  low  as  micrograms  per 
liter,  require  no  concentration  processes,  are 
highly  reliable  and  use  only  a  small  sample 
volume. 

Based  on  a  survey  of  the  literature,  the 
ELISA  technique  is  recommended  for 
monitoring  B2MU.  While  RIAs  provide 
greater  sensitivity  (typically  about  1  pg/1. 
Evrin  et  al.  1971),  they  depend  on  the  use  of 
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radioisotopes;  use  of  radioisotopes  requires 
adherence  to  rules  and  regulations 
established  by  the  Atomic  Energy 
Commission,  and  necessitates  an  expensive 
radioactivity  counter  for  testing. 
Radioisotopes  also  have  a  relatively  short 
half-life,  which  corresponds  to  a  reduced 
shelf  life,  thereby  increasing  the  cost  and 
complexity  of  testing.  In  contrast,  ELISA 
testing  can  be  performed  on  routine 
laboratory  spectrophotometers,  do  not 
necessitate  adherence  to  additional  rules  and 
regulations  governing  the  handling  of 
radioactive  substances,  and  the  test  kits  have 
long  shelf  lives.  Further,  the  range  of 
sensitivity  commonly  achieved  by  the 
recommended  ELISA  test  (i.e.,  the  Pharmacia 
Delphia  test)  is  approximately  100  p.g/1 
(Pharmacia  1990),  which  is  sufficient  for 
monitoring  B2MU  levels  resulting  from 
cadmium  exposure.  Based  on  the  studies 
listed  in  Table  7  (Section  5.3.7),  the  average 
range  of  B2M  concentrations  among  the 
general,  nonexposed  population  falls 
between  60  and  300  pg/g  CRTU.  The  upper 
95th  percentile  of  distributions,  derived  from 
studies  in  Table  9  which  reported  standard 
deviations,  range  between  180  and  1,140  pg/g 
CRTU.  Also,  the  Pharmacia  Delphia  test 
currently  is  the  most  widely  used  test  for 
assessing  B2MU. 

5.3.4  Sample  Collection  and  Handling 
As  with  CDB  or  CDU,  sample  collection 
procedures  are  addressed  primarily  to 
identify  ways  to  minimize  the  degree  of 
variability  introduced  by  sample  collection 
during  medical  monitoring.  It  is  unclear  the 
extent  to  which  sample  collection  contributes 
to  B2MU  variability.  Sources  of  variation 
include  time-of-day  effects,  the  interval  since 
consuming  liquids  and  the  quantity  of  liquids 
consumed,  and  the  introduction  of  external 
contamination  during  the  collection  process. 
A  special  problem  unique  to  B2M  sampling  is 
the  sensitivity  of  this  protein  to  degradation 


under  acid  conditions  commonly  found  in  the 
bladder.  To  minimize  this  problem,  strict 
adherence  to  a  sampling  protocol  is 
recommended.  The  protocol  should  include 
provisions  for  normalizing  the  conditions 
under  which  the  urine  is  collected.  Clearly,  it 
is  important  to  minimize  the  Interval  urine 
spends  in  the  bladder.  It  also  is 
recommended  that  every  effort  be  made  to 
collect  samples  during  the  same  time  of  day. 

Collection  of  urine  samples  for  biological 
monitoring  usually  is  performed  using  “spot” 
(i.e.,  single-void)  urine.  Logistics  and  sample 
integrity  become  problems  when  efforts  are 
made  to  collect  urine  over  extended  periods 
(e.g.,  24  hrs).  Unless  single-void  urines  are 
used,  numerous  opportunities  exist  for 
measurement  error  because  of  poor  control 
over  sample  collection,  storage  and 
environmental  contamination. 

To  minimize  the  interval  that  sample  urine 
resides  in  the  bladder,  the  following  adaption 
to  the  "spot”  collection  procedure  is 
recommended;  The  bladder  should  be 
emptied  and  then  a  large  glass  of  water 
should  be  consumed;  the  sample  then  should 
be  collected  within  an  hour  after  the  water  is 
consumed. 

5.3.5  Best  Achievable  Performance 

The  best  achievable  performance  is 

assumed  to  be  equivalent  to  the  performance 
reported  by  the  manufacturers  of  the 
Pharmacia  Delphia  test  kits  (Pharmacia  1990). 
According  to  the  insert  that  comes  with  these 
kits,  QC  results  should  be  within  ±2  SDs  of 
the  mean  for  each  control  sample  tested;  a 
CV  of  less  than  of  equal  to  5.2%  should  be 
maintained.  The  total  CV  reported  for  test 
kits  is  less  than  or  equal  to  7.2%. 

5.3.6  General  Method  Performance 

Unlike  analyses  for  CDB  and  CDU,  the 

Pharmacia  Delphia  test  is  standardized  In  a 
commercial  kit  that  controls  for  many  sources 
of  variation.  In  the  absence  of  data  to  the 


contrary,  it  is  assumed  that  the  achievable 
performance  reported  by  the  manufacturer  of 
this  test  kit  will  serve  as  an  achievable 
performance  objective.  The  CTQ  proficiency 
testing  program  for  B2MU  analysis  is 
expected  to  use  the  performance  parameters 
defined  by  the  test  kit  manufacturer  as  the 
basis  of  the  B2MU  proficiency  testing 
program. 

Note  that  results  reported  for  the  test  kit 
are  expressed  in  terms  of  pg  B2M/1  of  urine, 
and  have  not  been  adjusted  for  creatinine. 
The  indicated  performance,  therefore,  is  a 
measure  of  the  performance  of  the  B2M 
portion  of  the  analyses  only,  and  does  not 
include  variation  that' may  have  been 
introduced  during  the  analysis  of  creatinine. 

5.3.7  Observed  B2MU  Concentrations 

As  indicated  in  Section  4.3,  the 
concentration  of  B2MU  may  serve  as  an  early 
indicator  of  the  onset  of  kidney  damage 
associated  with  cadmium  exposure. 

5.3.7.1  Range  of  B2MU  Concentrations 
Among  Unexposed  Samples 

Most  of  the  studies  listed  in  Table  9  report 
B2MU  levels  for  those  who  were  not 
occupationally  exposed  to  cadmium.  Studies 
noted  in  the  second  column  of  this  table 
(which  contain  the  footnote  “d”)  reported 
B2MU  concentrations  among  cadmium- 
exposed  workers  who,  nonetheless,  showed 
no  signs  of  proteinuria.  These  latter  studies 
are  included  in  this  table  because,  as 
indicated  in  Section  4.3,  monitoring  B2MU  is 
intended  to  provide  advanced  warning  of  the 
onset  of  kidney  dysfunction  associated  with 
cadmium  exposure,  rather  than  to  distinguish 
relative  exposure.  This  table,  therefore, 
indicates  the  range  of  B2MU  levels  observed 
among  those  who  had  no  symptoms  of  renal 
dysfunction  (including  workers  with  none  of 
these  symptoms). 


Table  9.— B-2-Microqlobuun  Concentrations  Observed  in  Urine  Among  Those  Not  Occupationally  Exposed  to 

Cadmium 


Study  No. 

No.  in  study 

.  Geometric  mean 

Geometric  standard 
deviation 

Lower  95th 
percentrte  of 
distribution" 

Upper  95th 
percentile  of 
distribution* 

Reference 

133  m* . 

4  03  . .  . 

12 

1  140  J.g/g  ' 

2 . 

161  fb . 

146  fig/gc . 

3.11 . „ . . 

23 . 

Ishizaki  et  al.  1989. 

3 . 

10 . 

84  pg/g . 

Ellis  et  al.  1983. 

4 . 

203 . 

76  pg!\.  . 

5 . 

9 . 

6 . 

47  d . 

1.9 . 

30  ud/l 

250  hq/L . 

7 . 

1,000* . 

3  1  m  &  f 

Kowal  1983 

8 . 

87 . . . 

71  pg/g‘ . . . 

7  " . . 

200" . 

9 . 

10 . 

O  073  mg/?4h 

10 . 

59 . . . 

1  1 1 

130  . 

180  . 

11 . 

8 . . 

12 . . . 

34 . . . 

79  pg/g~ . 

13 . 

41  m . 

14 . 

35" . .  . 

67 . . 

15 . 

31  d . 

63 . „ . _ . 

_ _ 1 . . . . 

16 . 

36  d . 

77 . 

17 . 

18" . 

130 . 

18 _ 

32" .  ... 

122 . 

19 . 

18  d . 

295 . 

1  4  . 

170 

510 

Thun  et  al.  1989. 

. 

To  the  extent  possible,  the  studies  listed  in 
Table  9  provide  geometric  means  and 


geometric  standard  deviations  for 
measurements  among  the  groups  defined  in 


each  study.  For  studies  reporting  a  geometric 
standard  deviation  along  with  a  mean,  the 
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lower  and  upper  95th  percentile  for  these 
distributions  were  derived  and  reported  in 
the  table.  * 

The  data  provided  from  15  of  the  19  studies 
listed  in  Table  9  indicate  that  the  geometric 
mean  concentration  of  B2M  observed  among 
those  who  were  not  occupationally  exposed 
to  cadmium  is  70-170  pg/g  CRTU.  Data  from 
the  4  remaining  studies  indicate  that  exposed 
workers  who  exhibit  no  signs  of  proteinuria 
show  mean  B2MU  levels  of  60-300  pg/g 
CRTU.  B2MU  values  in  the  study  by  Thun  et 
al.  (1989),  however,  appear  high  in 
comparison  to  the  other  3  studies.  If  this 
study  is  removed,  B2MU  levels  for  those  who 
are  not  occupationally  exposed  to  cadmium 
are  similar  to  B2MU  levels  found  among 
cadmium-exposed  workers  who  exhibit  no 
signs  of  kidney  dysfunction.  Although  the 
mean  is  high  in  the  study  by  Thun  et  al.,  the 
range  of  measurements  reported  in  this  study 
is  within  the  ranges  reported  for  the  other 
studies. 


Determining  a  reasonable  upper  limit  from 
the  range  of  B2M  concentrations  observed 
among  those  who  do  not  exhibit  signs  of 
proteinuria  is  problematic.  Elevated  B2MU 
levels  are  among  the  signs  used  to  define  the 
onset  of  kidney  dysfunction.  Without  access 
to  the  raw  data  from  the  studies  listed  in 
Table  9,  it  is  necessary  to  rely  on  reported 
standard  deviations  to  estimate  an  upper 
limit  for  normal  B2MU  concentrations  (i.e., 
the  upper  95th  percentile  for  the  distributions 
measured).  For  the  8  studies  reporting  a 
geometric  standard  deviation,  the  upper  95th 
percentiles  for  the  distributions  are  180-1140 
pg/g  CRTU.  These  values  are  in  general 
agreement  with  the  upper  95th  percentile  for 
the  distribution  (i.e.,  631  pg/g  CRTU)  reported 
by  Buchet  et  al.  (1980).  These  upper  limits 
also  appear  to  be  in  general  agreement  with 
B2MU  values  (i.e.,  100-690  pg/g  CRTU) 
reported  as  the  normal  upper  limit  by  Iwao  et 
al.  (1980),  Kawada  et  al.  (1989),  Wibowo  et  al. 
(1982),  and  Schardun  and  van  Epps  (1987). 


These  values  must  be  compared  to  levels 
reported  among  those  exhibiting  kidney 
dysfunction  to  define  a  threshold  level  for 
kidney  dysfunction  related  to  cadmium 
exposure. 

5.3.7.2  Range  of  B2MU  Concentrations 
Among  Exposed  Workers 
Table  10  presents  results  from  studies 
reporting  B2MU  determinations  among  those 
occupationally  exposed  to  cadmium  in  the 
work  place;  in  some  of  these  studies,  kidney 
dysfunction  was  observed  among  exposed 
workers,  while  other  studies  did  not  make  an 
effort  to  distinguish  among  exposed  workers 
based  on  kidney  dysfunction.  As  with  Table 
9,  this  table  provides  geometric  means  and 
geometric  standard  deviations  for  the  groups 
defined  in  each  study  if  available.  For  studies 
reporting  a  geometric  standard  deviation 
along  with  a  mean,  the  lower  and  upper  95th 
percentiles  for  the  distributions  are  derived 
and  reported  in  the  table. 


Table  10.— /Jz-Microglobulin  Concentrations  Observed  in  Urine  Among  Occupationally-Exposed  Workers 


Study  number 

N 

Concentration  of  ft-microglobu!in  in  urine 

Reference 

Geometric 
mean  (pg/g)  • 

Geom. 
Std.  Dev. 

L  95%  Of 
range* 

U  95%  of 
range* 

1 . 

1,424 

160 

6.19 

8.1 

3,300 

Ishizakl  et  al.  1989. 

2 . 

1,754 

260 

6.50 

12 

5,600 

Ishizaki  et  al.  1989. 

3 . . . 

33 

210 

Ellis  et  al.  1983. 

65 

210 

Chia  et  al.  1989 

5 . 

'44 

5,700 

6.49 

d  300 

*  98,000 

Kjellstrom  et  al.  1977. 

6 . . . * . 

148 

•  180 

'110 

'280' 

Buchet  et  al.  1980. 

37 

160 

3.90 

17 

Kenzaburo  et  al.  1979. 

8 . 

'45 

3,300 

8.70 

"310 

Mason  et  al.  1988. 

9 . 

'10 

6,100 

5.99 

'650 

Falck  et  al.  1983. 

'11 

3,900 

2.96 

d  710 

Elinder  et  al.  1985. 

11 . 

'  12 

300 

Roels  et  al.  1991. 

12 . 

*8 

7,400 

Roels  et  al.  1991. 

13 . 

'23 

"  1,800 

Roels  et  al.  1989. 

14 . 

10 

690 

Iwao  et  al.  1980. 

15 . . .  . .  . 

34 

71 

Wibowo  et  al.  1982. 

'15 

4,700 

6.49 

d  590 

d  93,000 

Thun  et  at  1989. 

*  Unless  otherwise  stated. 

b  Based  on  an  assumed  lognormal  distribution. 

c  Among  workers  diagnosed  as  having  renal  dysfunction;  for  Elinder  this  means  ft  levels  greater  than  300  micrograms  per  gram  creatinine  (ng/gr  Cr);  for  Roels, 
1991,  range =31 -35,  170  pgft/gr  Cr  and  geometric  mean =63  among  healthy  workers;  for  Mason  ft  >300  pg/gr  Cr. 
d  Based  on  a  detailed  review  of  the  data  by  OSHA. 

*  Arithmetic  mean. 

'  Reported  in  the  study. 

*  Retired  workers. 

h  1,800  pgft/gr  Cr  for  first  survey;  second  survey  =1,600;  third  survey=2,600;  fourth  survey=2,600;  fifth  survey =2,600. 


The  data  provided  in  Table  10  indicate  that 
the  mean  B2MU  concentration  observed 
among  workers  experiencing  occupational 
exposure  to  cadmium  (but  with  undefined 
levels  of  proteinuria)  is  160-7400  pg/g  CRTU. 
One  of  these  studies  reports  geometric  means 
lower  than  this  range  (i.e.,  as  low  as  71  pg/g 
CRTU);  an  explanation  for  this  wide  spread 
in  average  concentrations  is  not  available. 

Seven  of  the  studies  listed  in  Table  10 
report  a  range  of  B2MU  levels  among  those 
diagnosed  as  having  renal  dysfunction.  As 
indicated  in  this  table,  renal  dysfunction 
(proteinuria)  is  defined  in  several  of  these 
studies  by  B2MU  levels  in  excess  of  300  pg/g 
CRTU  (see  footnote  "c”  of  Table  10); 
therefore,  the  range  of  B2MU  levels  observed 
in  these  studies  is  a  function  of  the 
operational  definition  used  to  identify  those 
with  renal  dysfunction.  Nevertheless,  a  B2MU 
level  of  300  pg/g  CRTU  appears  to  be  a 


meaningful  threshold  for  identifying  those 
having  early  signs  of  kidney  damage.  While 
levels  much  higher  than  300  pg/g  CRTU  have 
been  observed  among  those  with  renal 
dysfunction,  the  vast  majority  of  those  not 
occupationally  exposed  to  cadmium  exhibit 
much  lower  B2MU  concentrations  (see  Table 
9).  Similarly,  the  vast  majority  of  workers  not 
exhibiting  renal  dysfunction  are  found  to 
have  levels  below  300  pg/g  CRTU  (Table  9). 

The  300  pg/g  CRTU  level  for  B2MU 
proposed  in  the  above  paragraph  has  support 
among  researchers  as  the  threshold  level  that 
distinguishes  between  cadmium-exposed 
workers  with  and  without  kidney 
dysfunction.  For  example,  in  the  guide  for 
physicians  who  must  evaluate  cadmium- 
exposed  workers  written  for  the  Cadmium 
Council  by  Dr.  Lauwerys,  levels  of  B2M 
greater  than  200-300  pg/g  CRTU  are 
considered  to  require  additional  medical 


evaluation  for  kidney  dysfunction  (exhibit  8- 
447,  OSHA  docket  H057A).  The  most  widely 
used  test  for  measuring  B2M  (i.e.,  the 
Pharmacia  Delphia  test)  defines  B2MU  levels 
above  300  pg/1  as  abnormal  (exhibit  L-140-1, 
OSHA  docket  H057A). 

Dr.  Elinder,  chairman  of  the  Department  of 
Nephrology  at  the  Karolinska  Institute, 
testified  at  the  hearings  on  the  proposed 
cadmium  rule.  According  to  Dr.  Elinder 
(exhibit  L-140-45,  OSHA  docket  H057A),  the 
normal  concentration  of  B2MU  has  been  well 
documented  (Evrin  and  Wibell  1972; 
Kjellstrom  et  al.  1977a;  Elinder  et  al.  1978, 
1983;  Buchet  et  al.  I960;  Jawaid  et  al.  1983; 
Kowal  and  Zirkes,  1983).  Elinder  stated  that 
the  upper  95  or  97.5  percentiles  for  B2MU 
among  those  without  tubular  dysfunction  is 
below  300  pg/g  CRTU  (Kjellstrom  et  al. 
1977a;  Buchet  et  al.  1980;  Kowal  and  Zirkes. 
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1983).  Elinder  defined  levels  of  B2M  above 
300  figlg  CRTU  as  “slight”  proteinuria. 

5.3.8  Conclusions  and  Recommendations  for 
B2MU 

Based  on  the  above  evaluation,  the 
following  recommendations  are  made  for  a 
B2MU  proficiency  testing  program.  Note  that 
the  following  discussion  addresses  only 
sampling  and  analysis  for  B2MU 
determinations  (i.e-  to  be  reported  as  an 
unadjusted  pig  B2M/1  urine).  Normalizing  this 
result  to  creatinine  requires  a  second 
analysis  for  CRTU  (see  section  5.4)  so  that 
the  ratio  of  the  2  measurements  can  be 
obtained. 

5.3.8.1  Recommended  Method 

The  Pharmacia  Delphia  method  (Pharmacia 
1990)  should  be  adopted  as  the  standard 
method  for  B2MU  determinations. 

Laboratories  may  adopt  alternate  methods, 
but  it  is  the  responsibility  of  the  laboratory  to 
demonstrate  that  alternate  methods  provide 
results  of  comparable  quality  to  the 
Pharmacia  Delphia  method. 

5-3JL2  Data  Quality  Objectives 

The  following  data  quality  objectives 
should  facilitate  interpretation  of  analytical 
results,  and  should  be  achievable  based  on 
the  above  evaluation. 

Limit  of  Detection.  A  limit  of  100  fig/l  urine 
should  be  achievable,  although  the  insert  to 
the  test  kit  (Pharmacia  1990)  cites  a  detection 
limit  of  150  pig/1;  private  conversations  with 
representatives  of  Pharmacia,  however, 
indicate  that  the  lower  limit  of  100  fig/l 
should  be  achievable  provided  an  additional 
standard  of  100  ptg/1  B2M  is  run  with  the 
other  standards  to  derive  the  calibration 
curve  (section  3.3.1.1).  The  lower  detection 
limit  is  desirable  due  to  the  proximity  of  this 
detection  limit  to  B2MU  values  defined  for 
the  cadmium  medical  monitoring  program. 

Accuracy.  Because  results  from  an 
interlaboratory  proficiency  testing  program 
are  not  available  currently,  it  is  difficult  to 
define  an  achievable  level  of  accuracy.  Given 
the  general  performance  parameters  defined 
by  the  insert  to  the  test  kits,  however,  an 
accuracy  of  ±15%  of  the  target  value  appears 
achievable. 

Due  to  the  low  levels  of  B2MU  to  be 
measured  generally,  it  is  anticipated  that  the 
analysis  of  creatinine  will  contribute 
relatively  little  to  the  overall  variability 
observed  among  creatinine-normalized  B2MU 
levels  (see  section  5.4).  The  initial  level  of 
accuracy  for  reporting  B2MU  levels  under 
this  program  should  be  set  at  ±15%. 

Precision.  Based  on  precision  data  reported 
by  Pharmacia  (1990),  a  precision  value  (i.e., 
CV)  of  5%  should  be  achievable  over  the 
defined  range  of  the  analyte.  For  internal  QC 
samples  (i.e.,  recommended  as  part  of  an 
internal  QA/QC  program,  section  3.3.1), 
laboratories  should  attain  precision  near  5% 
over  the  range  of  concentrations  measured. 
5.3.B.3  Quality  Assurance/Quality  Control 

Commercial  laboratories  providing 
measurement  of  B2MU  should  adopt  an 
internal  QA/QC  program  that  incorporates 
the  following  components:  Strict  adherence  to 
the  Pharmacia  Delphiad  method,  including 
calibration  requirements;  regular  use  of  QC 
samples  during  routine  runs:  a  protocol  for 


corrective  actions,  and  documentation  of 
these  actions;  and.  participation  in  an 
interlaboratory  proficiency  program. 
Procedures  that  may  be  used  to  address 
internal  QC  requirements  are  presented  in 
Attachment  1.  Due  to  differences  between 
analyses  for  B2MU  and  CDB/CDU,  specific 
values  presented  in  Attachment  1  may  have 
to  be  modified.  Other  components  of  the 
program  (including  characterization  runs), 
however,  can  be  adapted  to  a  program  for 
B2MU. 

5.4  Monitoring  Creatinine  in  Urine  (CRTU) 

Because  CDU  and  B2MU  should  be 
reported  relative  to  concentrations  of  CRTU, 
these  concentrations  should  be  determined  in 
addition  CDU  and  B2MU  determinations. 

5.4.1  Units  of  CRTU  Measurement 

CDU  should  be  reported  as  fig  Cd/g  CRTU, 
while  B2MU  should  be  reported  as  fig  B2M/g 
CRTU.  To  derive  the  ratio  of  cadmium  or 
B2M  to  creatinine,  CRTU  should  be  reported 
in  units  of  g  crtn/1  of  urine.  Depending  on  the 
analytical  method,  it  may  be  necessary  to 
convert  results  of  creatinine  determinations 
accordingly. 

5.4.2  Analytical  Techniques  Used  To 
Monitor  CRTU 

Of  the  techniques  available  for  CRTU 
determinations,  an  absorbance 
spectrophotometric  technique  and  a  high- 
performance  liquid  chromatography  (HPLC) 
technique  are  identified  as  acceptable  in  this 
protocol. 

5.4.3  Methods  Developed  for  CR  TU 
Determinations 

CRTU  analysis  performed  in  support  of 
either  CDU  or  B2MU  determinations  should 
be  performed  using  either  of  the  following  2 
methods: 

1.  The  Du  Pont  method  (i.e„  Jaffe  method), 
in  which  creatinine  in  a  sample  reacts  with 
picrate  under  alkaline  conditions,  and  the 
resulting  red  chromofore  is  monitored  (at  510 
nm)  for  a  fixed  interval  to  determine  the  rate 
of  the  reaction;  this  reaction  rate  is 
proportional  to  the  concentration  of 
creatinine  present  in  the  sample  (a  copy  of 
this  method  is  provided  in  Attachment  2  of 
this  protocol);  or 

2.  The  OS  HA  SLC  Technical  Center 
(OSLTC)  method,  in  which  creatinine  in  an 
aliquot  of  sample  is  separated  using  an  HPLC 
column  equipped  with  a  UV  detector;  the 
resulting  peak  is  quantified  using  an 
electrical  integrator  (a  copy  of  this  method  is 
provided  in  Attachment  3  of  this  protocol). 

5.4.4  Sample  Collection  and  Handling 

CRTU  samples  should  be  segregated  from 

samples  collected  for  CDU  or  B2MU  analysis. 
Sample-collection  techniques  have  been 
described  under  section  5.2.4.  Samples  should 
be  preserved  either  to  stabilize  CDU  (with 
HNOs)  or  B2MU  (with  NaOH).  Neither  of 
these  procedures  should  adversely  affect 
CRTU  analysis  (see  Attachment  3). 

5.4.5  General  Method  Performance 

Data  from  the  OSLTC  indicate  that  a  CV  of 
5%  should  be  achievable  using  the  OSLTC 
method  (Septon,  L  private  communication). 
The  achievable  accuracy  of  this  method  has 
not  been  determined. 


Results  reported  in  surveys  conducted  by 
the  CAP  (CAP  1991a,  1991b  and  1992) 
indicate  that  a  CV  of  5%  is  achievable.  The 
accuracy  achievable  for  CRTU 
determinations  has  not  been  reported. 

Laboratories  performing  creatinine 
analysis  under  this  protocol  should  be  CAP 
accredited  and  should  be  active  participants 
in  the  CAP  surveys. 

5.4.6  Observed  CRTU  Concentrations 
Published  data  suggest  the  range  of  CRTU 

concentrations  is  1D-1.6  g  in  24-hour  urine 
samples  (Harrison  1987).  These  values  are 
equivalent  to  about  1  g/1  urine. 

5.4.7  Conclusions  and  Recommendations  for 
CRTU 

5.4.7.1  Recommended  Method 

Use  either  the  Jaffe  method  (Attachment  2) 
or  the  OSLTC  method  (Attachment  3). 
Alternate  methods  may  be  acceptable 
provided  adequate  performance  is 
demonstrated  in  the  CAP  program. 

5.4.7.2  Data  Quality  Objectives 

Limit  of  Detection.  This  value  has  not  been 
formally  defined;  however,  a  value  of  0.1  g/1 
urine  should  be  readily  achievable. 

Accuracy.  This  value  has  not  been  defined 
formally;  accuracy  should  be  sufficient  to 
retain  accreditation  from  the  CAP. 

Precision.  A  CV  of  5%  should  be 
achievable  using  the  recommended  methods. 
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Attachment  1 — Nonmandatory  Protocol  for 
an  Internal  Quality  Assurance /Quality 
Control  Program 

The  following  is  an  example  of  the  type  of 
internal  quality  assurance/quality  control 
program  that  assures  adequate  control  to 
satisfy  mandatory  OSHA  requirements  under 
this  protocol.  However,  other  approaches 
may  also  be  acceptable. 

As  indicated  in  Section  3.3.1  of  the 
protocol,  the  mandatory  QA/QC  program  for 
CDB  and  CDU  should  address,  at  a  minimum, 
the  following: 

•  Calibration; 

•  Establishment  of  control  limits; 

•  Internal  QC  analyses  and  maintaining 
control;  and 

•  Corrective  action  protocols. 

This  illustrative  program  includes  both 
initial  characterization  runs  to  establish  the 
performance  of  the  method  and  ongoing 
analysis  of  quality  control  samples 
intermixed  with  compliance  samples  to 
maintain  control. 

Calibration 

Before  any  analytical  runs  are  conducted, 
the  analytic  instrument  must  be  calibrated. 
This  is  to  be  done  at  the  beginning  of  each 
day  on  which  quality  control  samples  and / or 
compliance  samples  are  run.  Once  calibration 
is  established,  quality  control  samples  or 
compliance  samples  may  be  run.  Regardless 
of  the  type  of  samples  run,  every  fifth  sample 
must  be  a  standard  to  assure  that  the 
calibration  is  holding. 

Calibration  is  defined  as  holding  if  every 
standard  is  within  plus  or  minus  (±)  15%  of 
its  theoretical  value.  If  a  standard  is  more 
than  plus  or  minus  15%  of  its  theoretical 
value,  then  the  run  is  out  of  control  due  to 
calibration  error  and  the  entire  set  of  samples 
must  either  be  reanalyzed  after  recalibrating 
or  results  should  be  recalculated  based  on  a 
statistical  curve  derived  from  the 
measurement  of  all  standards. 

It  is  essential  that  the  highest  standard  run 
is  higher  than  the  highest  sample  run.  To 
assure  that  this  is  the  case,  it  may  be 
necessary  to  run  a  high  standard  at  the  end  of 
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the  run.  which  is  selected  based  on  the 
results  obtained  over  the  course  of  the  run. 

All  standards  should  be  kept  fresh,  and  as 
they  get  old,  they  should  be  compared  with 
new  standards  and  replaced. 

Initial  Characterization  Runs  and 
Establishing  Control 

A  participating  laboratory  should  establish 
four  pools  of  quality  control  samples  for  each 
of  the  analytes  for  which  it  wishes  to  be 
accredited.  The  concentrations  of  quality 
control  samples  within  each  pool  are  to  be 
centered  around  each  of  the  four  target  levels 
for  the  particular  analyte  identified  in  Section 
4.4  of  the  protocol. 

Within  each  pool,  at  least  4  quality  control 
samples  need  to  be  established  with  varying 
concentrations  ranging  between  plus  or 
minus  50%  of  the  target  value  of  that  pool. 
Thus  for  the  medium-high  cadmium  in  blood 
pool,  the  theoretical  values  of  the  quality 
control  samples  may  range  from  5  to  15  jig/1, 
(the  target  value  is  10  pg/1).  At  least  4  unique 
theoretical  values  must  be  represented  in  this 
pool. 

The  range  of  theoretical  values  of  plus  or 
minus  50%  of  the  target  value  of  a  pool  means 
that  there  will  be  overlap  of  the  pools.  For 
example,  the  range  of  values  for  the  medium- 
low  pool  for  cadmium  in  blood  is  3.5  to  10.5 
ftg/1  while  the  range  of  values  for  the 
medium-high  pool  is  5  to  15  p.g/1.  Therefore,  it 
is  possible  for  a  quality  control  sample  from 
the  medium-low  pool  to  have  a  higher 
concentration  of  cadmium  than  a  quality 
control  sample  from  the  medium-high  pool. 

Quality  control  samples  may  be  obtained 
as  commercially  available  reference 
materials,  internally  prepared,  or  both. 
Internally  prepared  samples  should  be  well 
characterized  and  traced  or  compared  to  a 
reference  material  for  which  a  consensus 
value  for  concentration  is  available.  Levels  of 
analyte  in  the  quality  control  samples  must 
be  concealed  from  the  analyst  prior  to  the 
reporting  of  analytical  results.  Potential 
sources  of  materials  that  may  be  used  to 
construct  quality  control  samples  are  listed  in 
Section  3.3.1  of  the  protocol. 

Before  any  compliance  samples  are 
analyzed,  control  limits  must  be  established. 
Control  limits  should  be  calculated  for  every 
pool  of  each  analyte  for  which  a  laboratory 
seeks  accreditation,  and  control  charts 


should  be  kept  for  each  pool  of  each  analyte. 
A  separate  set  of  control  charts  and  control 
limits  should  be  established  for  each 
analytical  instrument  in  a  laboratory  that  will 
be  used  for  analysis  of  compliance  samples. 

At  the  beginning  of  this  QA/QC  program, 
control  limits  should  be  based  on  the  results 
of  the  analysis  of  20  quality  control  samples 
from  each  pool  of  each  analyte.  For  any  given 
pool,  the  20  quality  control  samples  should  be 
run  on  20  different  days.  Although  no  more 
than  one  sample  should  be  run  from  any 
single  pool  on  a  particular  day,  a  laboratory 
may  run  quality  control  samples  from 
different  pools  on  the  same  day.  This 
constitutes  a  set  of  initial  characterization 
runs. 

For  each  quality  control  sample  analyzed, 
the  value  F/T  (defined  in  the  glossary)  should 
be  calculated.  To  calculate  the  control  limits 
for  a  pool  of  an  analyte,  it  is  first  necessary 
to  calculate  the  mean,  X,  of  the  F/T  values 
for  each  quality  control  sample  in  a  pool  and 
then  to  calculate  its  standard  deviation,  a-. 
Thus,  for  the  control  limit  for  a  pool,  X  is 
calculated  as: 


N 


and  <r  is  calculated  as 


(N-l) 


where  N  is  the  number  of  quality  control 
samples  run  for  a  pool. 

The  control  limit  for  a  particular  pool  is 
then  given  by  the  mean  plus  or  minus  3 
standard  deviations  (X  ±3<r).  The  control 
limits  may  be  no  greater  than  40%  of  the 


mean  F/T  value.  If  three  standard  deviations 
are  greater  than  40%  of  the  mean  F/T  value, 
then  analysis  of  compliance  samples  may  not 
begin.1  Instead,  an  investigation  into  the 
causes  of  the  large  standard  deviation  should 
begin,  and  the  inadequacies  must  be 
remedied.  Then,  control  limits  must  be 
reestablished  which  will  mean  repeating  the 
running  20  quality  control  samples  from  each 
pool  over  20  days. 

Internal  Quality  Control  Analyses  and 
Maintaining  Control 

Once  control  limits  have  been  established 
for  each  pool  of  an  analyte,  analysis  of 
compliance  samples  may  begin.  During  any 
run  of  compliance  samples,  quality  control 
samples  are  to  be  interspersed  at  a  rate  of  no 
less  than  5%  of  the  compliance  sample 
workload.  When  quality  control  samples  are 
run,  however,  they  should  be  run  in  sets 
consisting  of  one  quality  control  sample  from 
each  pool.  Therefore*,  it  may  be  necessary,  at 
times,  to  intersperse  quality  control  samples 
at  a  rate  greater  than  5%. 

There  should  be  at  least  one  set  of  quality 
control  samples  run  with  any  analysis  of 
compliance  samples.  At  a  minimum,  for 
example,  4  quality  control  samples  should  be 
run  even  if  only  1  compliance  sample  is  run. 
Generally,  the  number  of  quality  control 
samples  that  should  be  run  are  a  multiple  of 
four  with  the  minimum  equal  to  the  smallest 
multiple  of  four  that  is  greater  than  5%  of  the 
total  number  of  samples  to  be  run.  For 
example,  if  300  compliance  samples  of  an 
analyte  are  run,  then  at  least  16  quality 
control  samples  should  be  run  (16  is  the 
smallest  multiple  of  four  that  is  greater  than 
15,  which  is  5%  of  300). 

Control  charts  for  each  pool  of  an  analyte 
(and  for  each  instrument  in  the  laboratory  to 
be  used  for  analysis  of  compliance  samples) 
should  be  established  by  plotting  F/T  versus 
date  as  the  quality  control  sample  results  are 
reported.  On  the  graph  there  should  be  lines 
representing  the  control  limits  for  the  pool, 
the  mean  F/T  limits  for  the  pool,  and  the 
theoretical  F/T  of  1.000.  Lines  representing 
plus  or  minus  (±)  2 <r  should  also  be 
represented  on  the  charts.  A  theoretical 
example  of  a  control  chart  is  presented  in 
Figure  1. 


Figure  1.— Theoretical  Example  of  a  Control  Chart  For  a  Pool  of  an  Analyte 

March  2  2  3  5  6  9  10  13  16  17 

1.162  (Upper  Control  limit) 

1.096  (Upper  2<r  line) . 

1.000  (Theoretical  Mean).... 

0.964  (Mean) _ 


. . .  X 

0.832  (Lower  2<r  Line) . . .'. . - .  X  . - . - . . . — 

0.766  (Lower  Control  Limit) . ... . . . . . . . . . . .  X 


1  Note  that  the  value,  “40%"  may  change  over 
time  as  experience  is  gained  with  the  program. 
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All  quality  control  samples  should  be 
plotted  on  the  chart,  and  the  charts  should  be 
checked  for  visual  trends.  If  a  quality  control 
sample  falls  above  or  below  the  control  limits 
for  its  pool,  then  corrective  steps  must  be 
taken  (see  the  section  on  corrective  actions 
below).  Once  a  laboratory's  program  has 
been  established,  control  limits  should  be 
updated  every  2  months,  prior  to  sending 
OSHA  the  updated  data  required  to  maintain 
accreditation. 

The  updated  control  limits  should  be 
calculated  from  the  results  of  the  last  100 
quality  control  samples  run  for  each  pool.  If 
100  quality  control  samples  from  a  pool  have 
not  been  run  at  the  time  of  the  update,  then 
the  limits  should  be  based  on  as  many  as 
have  been  run  provided  at  least  20  quality 
control  samples  from  each  pool  have  been 
run  over  20  different  days. 

The  trends  that  should  be  looked  for  on  the 
control  charts  are: 

1. 10  consecutive  quality  control  samples 
falling  above  or  below  the  mean; 

2.  3  consecutive  quality  control  samples 
falling  more  than  26  from  the  mean  (above  or 
below  the  25  lines  of  the  chart);  or 

3.  the  mean  calculated  to  update  the 
control  limits  falls  more  than  10%  above  or 
below  the  theoretical  mean  of  1.000. 

If  any  of  these  trends  is  observed,  then  all 
analysis  must  be  stopped,  and  an 


Creatinine 


Reagents: 


Compartment* 

Form 

Ingredi¬ 

ent 

Quantity  b 

No.  2,  3.  &  4 . 

0.11  mmol 

No.  6 . 

NaOH 

(for 

pH 

adjust¬ 

ment)'. 

*  Compartments  are  numbered  1-7,  with  compart¬ 
ment  No.  7  located  closest  to  pack  fill  position  No. 

s  Nominal  value  at  manufacture. 

*  See  Precautions. 

Precautions:  Compartment  No.  0  contains 
75pL  of  10  N  NaOH;  avoid  contact;  skin 
irritant;  rinse  contacted  area  with  water. 

Used  packs  contain  human  body  fluids; 
handle  with  appropriate  care. 

For  In  Vitro  Diagnostic  Use. 

Mixing  and  Diluting:  Mixing  and  diluting 
are  automatically  performed  by  the  ACA* 
discrete  clinical  analyzer.  The  sample  cup 
must  contain  sufficient  quantity  to 


investigation  into  the  causes  of  the  errors 
must  begin.  Before  the  analysis  of  compliance 
samples  may  resume,  the  inadequacies  must 
be  remedied  and  the  control  limits  must  be 
reestablished  for  that  pool  of  an  analyte. 
Reestablishment  of  control  limits  will  entail 
running  20  sets  of  quality  control  samples 
over  20  days. 

Note  that  alternative  procedures  for 
defining  internal  quality  control  limits  may 
also  be  acceptable.  Limits  may  be  based,  for 
example,  on  proficiency  testing,  such  as  ±  1 
pg  or  15%  of  the  mean  (whichever  is  greater). 
These  should  be  clearly  defined. 

Corrective  Actions. 

Corrective  action  is  the  term  used  to 
describe  the  identification  and  remediation  of 
errors  occurring  within  an  analysis. 

Corrective  action  is  necessary  whenever  the 
result  of  the  analysis  of  any  quality  control 
sample  falls  outside  of  the  established 
control  limits.  The  steps  involved  may 
include  simple  things  like  checking 
calculations  of  basic  instrument  maintenance, 
or  it  may  involve  more  complicated  actions 
like  major  instrument  repair.  Whatever  the 
source  of  error,  it  must  be  identified  and 
corrected  (and  a  Corrective  Action  Report 
(CAR)  must  be  completed  and  sent  to  OSHA 
with  the  next  reaccreditation). 

To  maintain  accreditation,  laboratories 
must  report  corrective  actions  to  the  OSHA 


NaOH 

-I-  Picrate - >  Red  chromophore  (absorbs 


accommodate  the  sample  volume  plus  the 
"dead  volume”;  precise  cup  filling  is  not 
required. 


Sample  Cup  Volumes  (p.L) 


Analyzer 

Standard 

Microsystem 

Dead 

Total 

Dead 

Total 

II,  III . 

120 

3000 

10 

500 

IV,  SX . 

120 

3000 

30 

500 

V . 

90 

3000 

10 

500 

Storage  of  Unprocessed  Packs:  Store  at  2-8 
°C.  Do  not  freeze.  Do  not  expose  to 
temperatures  above  35  “C  or  to  direct 
sunlight. 

Expiration:  Refer  to  expiration  date  on  the 
tray  label. 

Specimen  Collection:  Serum  or  urine  can  be 
collected  and  stored  by  normal  procedures.2 

Known  Interfering  Substances:  3  Serum 
Protein  Influence.  Serum  protein  levels  exert 
a  direct  influence  on  the  CREA  assay.  The 
following  should  be  taken  into  account  when 


4  Systeme  International  d'unites  (S.I.  Units)  are  in 
brackets. 


Salt  Lake  Technical  Center.  A  form  to  be 
used  for  reporting  corrective  actions  is 
provided  in  Attachment  5  of  the  protocol. 

Attachment  2 

Creatinine  in  Urine  (JAFFE  PROCEDURE). 

Intended  Use:  The  CREA  pack  is  used  in 
the  Du  Pont  ACA®  discrete  clinical  analyzer 
to  quantitatively  measure  creatinine  in  serum 
and  urine. 

Summary  The  CREA  method  employs  a 
modification  of  the  kinetic  Jaffe  reaction 
reported  by  Larsen.  This  method  has  been 
reported  to  be  less  susceptible  than 
conventional  methods  to  interference  from 
non-creatinine,  Jaffe-positive  compounds.1 

A  split  sample  comparison  between  the 
CREA  method  and  a  conventional  Jaffe 
procedure  on  Autoanalyzer®  showed  a  good 
correlation.  (See  Specific  Performance 
Characteristics). 

Autoanalyzer, ®  is  a  registered  trademark  of 
Technicon  Corp.,  Tarrytown,  NY. 

Principles  of  Procedure:  In  the  presence  of 
a  strong  base  such  as  NaOH,  picrate  reacts 
with  creatinine  to  form  a  red  chromophore. 
The  rate  of  increasing  absorbance  at  510  nm 
due  to  the  formation  of  this  chromophore 
during  a  17.07-second  measurement  period  is 
directly  proportional  to  the  creatinine 
concentration  in  the  sample. 


510  nm) 


this  method  is  used  for  urine  samples  and 
when  it  is  calibrated: 

Aqueous  creatinine  standards  or  urine 
specimens  will  give  CREA  results  depressed 
by  approximately  0.7  mg/dL  [62  pmol/L] d 
and  will  be  less  precise  than  samples 
containing  more  than  3  g/dL  [30  g/L]  protein. 

All  urine  specimens  should  be  diluted  with 
an  albumin  solution  to  give  a  final  protein 
concentration  of  at  least  3  g/dL  [30  g/L].  Du 
Pont  Enzyme  Diluent  (Cat.  #790035-901)  may 
be  used  for  this  purpose. 

•  High  concentration  of  endrogenous 
bilirubin  (>20  mg/dL  [>342  pmol/LJ)  will 
give  depressed  CREA  results  (average 
depression  0.8  mg/dL  [71  pmol/L]).* 

•  Grossly  hemolyzed  (hemoglobin  >100 
mg/dL  [>62  pmol/LJ)  or  visibly  lipemic 
specimens  may  cause  falsely  elevated  CREA 
results.  ^ 

•  The  following  cephalosporin  antibiotics 
do  not  interfere  with  the  CREA  method  when 
present  at  the  concentrations  indicated. 
Systematic  inaccuracies  (bias)  due  to  these 
substances  are  less  than  or  equal  to  0.1  mg/ 
dL  [8.84  pmol/L]  at  CREA  concentrations  of 
approximately  1  mg/dL  [88  pmol/LJ. 
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Antibiotic 


Peak  serum  level  ul 

Drug  concentration 

mg/dL 

[mmol/ 

L] 

mg/dL 

[mmol/ 

L] 

1.4 

0.3 

25 

6.0 

0.6-2.0 

0.2-0.6 

25 

7.2 

1. 3-2.5 

0.3-0.5 

25 

4.9 

2.0 

0.4 

25 

5.6 

1. 5-2.0 

0.4-0.8 

25 

7.1 

2. 5-5.0 

0.55-1.1 

50 

11.0 

Cephakxidine ... 

Cephalexin _ 

Cephamandole  „ 

Cephapirtn . 

Cephradme _ 

Cefazolin _ 


•  The  following  cephalosporin  antibiotics  when  present  at  the  indicated  concentrations,  substances  are  greater  that  0.1  mg/dL  (8.84 

have  been  shown  to  affect  CREA  results  System  inaccuracies  (bias)  due  to  these  pmol/L]  at  CREA  concentrations  of: 


Antibiotic 

Peak  serum  level  *■“ 

Drug  concentration 

Effect 

mg/dL 

[mmol/ 

L] 

mg/dL 

[mmol/ 

L] 

mg/dL 

[mmol/ 

LI 

1-6 

2.0 

100 

5.0 

25.2 

1.2 

)  20-25% 
t  35-40% 

•  The  single  wavelength  measurement 
used  in  this  method  eliminates  interference 
from  chromophores  whose  510  nm 
absorbance  is  constant  throughout  the 
measurement  period. 

•  Each  laboratory  should  determine  the 
acceptability  of  its  own  blood  collection 
tubes  and  serum  separation  products. 
Variations  in  these  products  may  exist 
between  manufacturers  and.  at  times,  from 
lot  to  lot. 

Procedure 


Test  Materials 


Item 

II,  111,  Du 
Pont  cat 

No. 

IV,  SX,  Du 
Pont  cat 

No. 

V.  Du  Pont 
cat.  No. 

ACA® 

CREA 

ana¬ 

lytical 

test 

pack.... 

701976901 

701976901 

701976901 

Sample 
system 
kit,  or... 

710642901 

710642901 

713697901 

Micro 

sample 

system 

kit 

and . 

1 

702694901 

710356901 

NA 

Micro 
sample 
system 
hold¬ 
ers . 

702785000 

NA 

NA 

DYLUX® 

pho- 

tosensil 

print¬ 

er 

paper .. 

ive 

700036000 

NA 

NA 

Thermal 

print¬ 

er 

paper .. 

NA 

710639901 

713645901 

Du  Pont 
puri¬ 
fied 
water... 

704209901 

710615901 

710815901 

Test  Materials— Continued 


Item 

II,  III,  Du 
Pont  cat. 
No. 

IV,  SX,  Du 
Pont  cat. 
No. 

V,  Du  Pont 
cat.  No. 

mSm 

ft5 

701864901 

710664901 

710864901 

Test  Steps 


The  operator  need  only  load  the  sample  kit 
and  appropriate  test  pack(s)  into  a  properly 
prepared  ACA®  discrete  clinical  analyzer.  It 
automatically  advances  the  pack(s)  through 
the  test  steps  and  prints  a  result(s).  See  the 
Instrument  Manual  of  the  ACA®  analyzer  for 
details  of  mechanical  travel  of  the  test 
pack(s). 

Preset  Creatinine  (CREA)  Test  Conditions 

•  Sample  volume:  200  p.L. 

•  Diluent:  purified  water. 

•  Temperature:  37.0±0.1  *C. 

•  Reaction  period:  29  seconds. 

•  Type  of  measurement:  rate. 

•  Measurement  period:  17.07  seconds. 

•  Wavelength:  510  nm. 

•  Units:  mg/dL  (pmol/L). 

Calibration 

The  general  calibration  procedure  is 
described  in  the  Calibration/Verification 
chapter  of  the  Manuals. 

The  following  information  should  be 
considered  when  calibrating  the  CREA 
method. 

•  Assay  range:  0-20  mg/mL  [0-1768  p.mol/ 

L]*. 

•  Reference  material:  Protein  containing 
primary  standards'  or  secondary  calibrators 
such  as  Du  Pont  Elevated  Chemistry  Control 
(Cat/ #790035903)  and  Normal  Chemistry 
Control  (Cat.  #790035905)'. 

•  Suggested  calibration  levels:  1.5,20,  mg/ 
mL.  (88,  442, 1768  fimol/L). 


•  Calibration  scheme:  3  levels,  3  packs  per 
level. 

•  Frequency:  Each  new  pack  lot.  Every  3 
months  for  any  one  pack  lot. 

e.  For  the  results  in  S.I.  units  [p.mol/L]  the 
conversion  factory  is  88.4. 

f.  Refer  to  the  Creatinine  Standard 
Preparation  and  Calibration  Procedure 
available  on  request  from  a  Du  Pont 
Representative. 

g.  If  the  Du  Pont  Chemistry  Controls  are 
being  used,  prepare  them  according  to  the 
instructions  on  the  product  insert  sheets. 


Preset  Creatinine  (CREA)  Test 
Conditions 


Item 

ACA®,  II. 
analyzer 

ACA®,  III,  IV, 
SX.  V. 
analyzer 

NA. 

Decimal  point 
location. 

Assigned  starting 
point  or  offset 

Co. 

[Five  (5)] 

000.0  mg/dL 
[000  pmol/L] 
-1.000  El 

[000.pmol/L] 

[9823] 

0.2000 . 

[-8.840 

E21. 

2.004  E-1h. 

assigned. 

mg/dL/  counth 
[0.3536 . 

[1.772E1J. 

pmol/L/count] . 

h.  The  preset  scale  factor  (linear  term)  was 
derived  from  the  molar  absorptivity  of  the 
indicator  and  is  based  on  an  absorbance  to 
activity  relationship  (sensitivity)  of  0.596 
(mA/min)/(U/L).  Due  to  small  differences  in 
filters  and  electronic  components  between 
instruments,  the  actual  scale  factor  (linear 
term)  may  differ  slightly  from  that  given 
above. 

Quality  Control 

Two  types  of  quality  control  procedures 
are  recommended: 

•  General  instrument  check.  Refer  to  the 
Filter  Balance  Procedure  and  the  Absorbance 
Test  Method  described  in  the  Instrument 
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Manual.  Refer  also  to  the  ABS  Test 
Methodology  literature. 

•  Creatinine  method  check.  At  least  once 
daily  run  a  CREA  test  on  a  solution  of  known 
creatinine  activity  such  as  an  assayed  control 
or  calibration  standard  other  than  that  used 
to  calibrate  the  CREA  method.  For  further 
details  review  the  Quality  Assurance  Section 
of  the  Chemistry  Manual.  The  result  obtained 
should  fall  within  acceptable  limits  defined 
by  the  day-to-day  variability  of  the  system  as 
measured  in  the  user’s  laboratory.  (See 
SPECIFIC  PERFORMANCE 
CHARACTERISTICS  for  guidance.)  If  the 
result  falls  outside  the  laboratory's 
acceptable  limits,  follow  the  procedure 
outlined  in  the  Chemistry  Troubleshooting 
Section  of  the  Chemistry  Manual. 

A  possible  system  malfunction  is  indicated 
when  analysis  of  a  sample  with  five 
consecutive  test  packs  gives  the  following 
results: 


Level 

SD 

>0.15  mg/dL 
C>13  fimol/L]. 
>0.68  mg/dL. 
[>60  pmol/L]. 

(88  'Jimol/L] . 

(1768  fi.mol/L] . 

Refer  to  the  procedure  outlined  in  the 
Trouble  Shooting  Section  of  the  Manual. 

Results 

The  ACA®  analyzer  automatically 
calculates  and  prints  the  CREA  result  in  mg/ 
dL  [p.mol/L]. 

Limitation  of  Procedure 
Results  >20  mg/dL  [1768  pmol/L]: 

•  Dilute  with  suitable  protein  base  diluent. 
Reassay.  Correct  for  diluting  before  reporting. 

The  reporting  system  contains  error 
messages  to  warn  the  operator  of  specific 
malfunctions.  Any  report  slip  containing  a 
letter  code  or  word  immediately  following  the 
numerical  value  should  not  be  reported.  Refer 
to  the  Manual  for  the  definition  of  error 
codes. 

Reference  Interval 

Serum:  ,u  Males — 0.8-1.3  md/dL  [71-115 
pmol/LJ. 

Females:  0.8-1.0  md/dL  [53-88  pmol/L] 

Urine:  "Males — 0.6-2.5  g/24  hr  [53-221 
mmol/24  hr] 

Females:  0.6-1.5  g/24  hr  [53-133  mmol/24  hr] 
Each  laboratory  should  establish  its  own 
reference  intervals  for  CREA  as  performed  on 
the  analyzer. 

i.  Reference  interval  data  obtained  from 
200  apparently  healthy  individuals  (71  males, 
129  females)  between  the  ages  of  19  and  72. 

Specific  Performance  Characteristics 


Reproducibility  k 


Standard  deviation  (%  CV) 

Material 

Mean 

Within-run 

Between- 

day 

Lyophi- 
lized ... 

1.3 

0.05  (3.7) 

0.05  (3.7) 

Control.... 

(1151 

(4.4] 

[4.4] 

Reproducibility  K— Continued 


Standard  deviation  (%  CV) 

Material 

Mean 

Within-run 

Between- 

day 

Lyophi- 
lized .... 

20.6 

0.12  (0.6) 

0.37  (1.8) 

Control... 

[1821] 

1 

[10.6] 

[32.7] 

Correlation— Regression  Statistics  1 


Compara¬ 
tive  method 

Slope 

Intercept 

Correla¬ 

tion 

coeffi¬ 

cient 

n 

Autoana¬ 
lyzer® . 

1.03 

0.03(2.7] 

0.997 

260 

j.  ALL  SPECIFIC  PERFORMANCE 
CHARACTERISTICS  tests  were  run  after 
normal  recommended  equipment  quality 
control  checks  were  performed  (see 
Instrument  Manual). 

k.  Specimens  at  each  level  were  analyzed 
in  duplicate  for  twenty  days.  The  within-run 
and  between-day  standard  deviations  were 
calculated  by  the  analysis  of  variance 
method. 

l.  Model  equation  for  regression  statistics 
is: 

Result  of  ACA®  Analyzer  =  Slope 

(Comparative  method  result)  +  intercept 

Assay  Range  m 

0.0-20.0  mg/dl  [0-1768  pmol] 

m.  See  REPRODUCIBILITY  for  method 
performance  within  the  assay  range. 

Analytical  Specificity 

See  KNOWN  INTERFERING 
SUBSTANCES  section  for  details. 
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Attachment  3 

Analysis  of  Creatinine  for  the  Normalization 
of  Cadmium  and  Beta-2-Microglobulin 
Concentrations  in  Urine 
Matrix:  Urine 

Target  Concentration:  1.1  g/L  (this  amount  is 
representative  of  creatinine 
concentrations  found  in  urine). 

Procedure:  A  1.0  mL  aliquot  of  urine  is  passed 
through  a  C18  SEP-PAK®  (Waters 
Associates).  Approximately  30  mL  of 
HPLC  (high  performance  liquid 
chromatography)  grade  water  is  then  run 
through  the  SEP-PAK.  The  resulting 
solution  is  diluted  to  volume  in  a  100-mL 
volumetric  flask  and  analyzed  by  HPLC 
using  an  ultraviolet  (UV)  detector. 

Special  Requirements:  After  collection, 
samples  should  be  appropriately 
stabilized  for  cadmium  (Cd)  analysis  by 
using  10%  high  purity  (with  low  Cd 
background  levels)  nitric  acid  (exactly 
1.0  mL  of  10%  nitric  acid  per  10  mL  of 
urine)  or  stabilized  for  Beta-2- 
Microglobulin  (B2M)  by  taking  to  pH  7 
with  dilute  NaOH  (exactly  1.0  mL  of  0.11 
N  NaOH  per  10  mL  of  urine).  If  not 
immediately  analyzed,  the  samples 
should  be  frozen  and  shipped  by 
overnight  mail  in  an  insulated  container. 
Date:  January  1992. 

Chemists:  David  B.  Armitage, 

Duane  Lee, 

Organic  Service  Branch  II,  OSH  A  Technical 
Center,  Salt  Lake  City,  Utah. 

1.  General  Discussion 
1.1.  Background 
1.1.1.  History  of  procedure 
Creatinine  has  been  analyzed  by  several 
methods  in  the  past.  The  earliest 
methods  were  of  the  wet  chemical  type. 
As  an  example,  creatinine  reacts  with 
sodium  picrate  in  basic  solution  to  form  a 
red  complex,  which  is  then  analyzed 
colorimetrically  (Refs.  5.1.  and  5.2.). 

Since  industrial  hygiene  laboratories  will 
be  analyzing  for  Cd  and  B2M  in  urine, 
they  will  be  normalizing  those 
concentrations  to  the  concentration  of 
creatinine  in  urine.  A  literature  search 
revealed  several  HPLC  methods  (Refs. 
5.3.,  5.4.,  5.5.  and  5.6.)  for  creatinine  in 
urine  and  because  many  industrial 
hygiene  laboratories  have  HPLC 
equipment,  it  was  desirable  to  develop 
an  industrial  hygiene  HPLC  method  for 
creatinine  in  urine.  The  method  of 
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Hausen,  Fuchs,  and  Wachter  was  chosen 
as  the  starting  point  for  method 
development.  SEP-PAKs  were  used  for 
sample  clarification  and  cleanup  in  this 
method  to  protect  the  analytical  column. 
The  urine  aliquot  which  has  been  passed 
through  the  SEP-PAK  is  then  analyzed  by 
reverse-phase  HPLC  using  ion-pair 
techniques. 

This  method  is  very  similar  to  that  of  Ogata 
and  Taguchi  (Ref.  5.6.),  except  they  used 
centrifugation  for  sample  clean-up.  It  is 
also  of  note  that  they  did  a  comparison 
of  their  HPLC  results  to  those  of  the  Jaffe 
method  (a  picric  acid  method  commonly 
used  in  the  health  care  industry)  and 
found  a  linear  relationship  of  dose  to  1:1. 
This  indicates  that  either  HPLC  or 
colorimetric  methods  may  be  used  to 
measure  creatinine  concentrations  in 
urine. 

1.1.2.  Physical  properties  (Ref.  5.7.) 
Molecular  weight:  113.12 
Molecular  formula:  C4-H7-N3-O 
Chemical  name:  2-amino-l,5-dihydro-l- 
methyl-4H-imidazol-4-one 
CAS#:  60-27-5 

Melting  point:  300  °C  (decomposes) 
Appearance:  white  powder 
Solubility:  soluble  in  water:  slightly  soluble 
in  alcohol;  practically  insoluble  in 
acetone,  ether,  and  chloroform 
Synonyms:  1-methylglycocyamidine,  1- 
methylhydation-2-imide 
Structure:  see  Figure  #1 


CH 


Figure  U 1 


1.2  Advantages 

1.2.1.  This  method  offers  a  simple, 
straightforward,  and  specific  alternative 
method  to  the  Jaffe  method. 

1.2.2.  HPLC  instrumentation  is  commonly 
found  in  many  industrial  hygiene 
laboratories. 

2.  Sample  Stabilization  Procedure 

2.1.  Apparatus 

Metal-free  plastic  container  for  urine 
sample. 

2.2.  Reagents 

2.2.1.  Stabilizing  Solution — 1)  Nitric  acid 
(10%,  high  purity  with  low  Cd 
background  levels)  for  stabilizing  urine 
for  Cd  analysis  or  2)  NaOH,  0.11  N,  for 
stabilizing  urine  for  B2M  analysis. 

2.2.2.  HPLC  grade  water 

2.3.  Technique 

2.3.1.  Stabilizing  solution  is  added  to  the 
urine  sample  (see  section  2.2.1.).  The 
stabilizing  solution  should  be  such  that 
for  each  10  mL  of  urine,  add  exactly  1.0 
mL  of  stabilizer  solution.  (Never  add 
water  or  urine  to  acid  or  base.  Always 
add  acid  or  base  to  water  or  urine.) 
Exactly  1.0  mL  of  0.11  N  NaOH  added  to 
10  mL  of  urine  should  result  in  a  pH  of  7. 
Or  add  1.0  mL  of  10%  nitric  acid  to  10  mL 
of  urine. 

2.3.2.  After  sample  collection  seal  the 
plastic  bottle  securely  and  wrap  it  with 
an  appropriate  seal  Urine  samples 
should  be  frozen  and  then  shipped  by 


overnight  mail  (if  shipping  is  necessary) 
in  an  insulated  container.  (Do  not  fill 
plastic  bottle  too  full.  This  will  allow  for 
expansion  of  contents  during  the  freezing 
process.) 

2.4.  The  Effect  of  Preparation  and 

Stabilization  Techniques  on  Creatinine 
Concentrations 

Three  urine  samples  were  prepared  by 
making  one  sample  acidic,  not  treating  a 
second  sample,  and  adjusting  a  third 
sample  to  pH  7.  The  samples  were 
analyzed  in  duplicate  by  two  different 
procedures.  For  the  first  procedure  « 1.0 
mL  aliquot  of  urine  was  put  in  a  100-mL 
volumetric  flask,  diluted  to  volume  with 
HPLC  grade  water,  and  then  analyzed 
directly  on  an  HPLC.  The  other 
procedure  used  SEP-PAKs.  The  SEP- 
PAK  was  rinsed  with  approximately  5 
mL  of  methanol  followed  by 
approximately  10  mL  of  HPLC  grade 
water  and  both  rinses  were  discarded. 
Then,  1.0  mL  of  the  urine  sample  was  put 
through  the  SEP-PAK,  followed  by  30  mL 
of  HPLC  grade  water.  The  urine  and 
water  were  transferred  to  a  100-mL 
volumetric  flask,  diluted  to  volume  with 
HPLC  grade  water,  and  analyzed  by 
HPLC.  These  three  urine  samples  were 
analyzed  on  the  day  they  were  obtained 
and  then  frozen.  The  results  show  that 
whether  the  urine  is  acidic,  untreated  or 
adjusted  to  pH  7,  the  resulting  answer  for 
creatinine  is  essentially  unchanged.  The 
purpose  of  stabilizing  the  urine  by 
making  it  acidic  or  neutral  is  for  the 
analysis  of  Cd  or  B2M  respectively. 


Comparison  of  Preparation  and 
Stabilization  Techniques 


Sample 

w/o  SEP- 
PAK  (g/L 
creati¬ 
nine) 

with  SEP- 
PAK  (g/L 
creati¬ 
nine) 

Acid . - . 

1.10 

1.10 

Acid._ . . . - . 

1.11 

1.10 

Untreated . 

1.12 

1.11 

1.11 

1.12 

PH7 . - . 

1.08 

1.02 

pH7 . .  . 

1.11 

1.08 

2.5.  Storage 

After  4  days  and  54  days  of  storage  in  a 
freezer,  the  samples  were  thawed,  brought  to 
room  temperature  and  analyzed  using  the 
same  procedures  as  in  section  2.4.  The  results 
of  several  days  of  storage  show  that  the 
resulting  answer  for  creatinine  is  essentially 
unchanged. 


Storage  Data 


4  days  _ _ 54  days 


w/o  SEP-  with  SEP-  w/o  SEP-  with  SEP- 

Sample  PAK  (g/L  PAK  (g/L  PAK  (g/L  PAK  (g/L 

creatinine)  creatinine)  creatinine)  creatinine) 


Acid _ _ _  1.09  1.09  1  08  1.09 

Acid.™ . . . . ™ . . .  1.10  1.10  1.09  1.10 


Untreated _ _ _ _ _  1.13  1.14  1.09  1.11 

Untreated . - . . . . . . . . .  1.15  1.14  1.10  1.10 
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Storage  Data— Continued 


4  days 

54  days 

Sample 

w/o  SEP- 
PAK  to/L 
creatinine) 

with  SEP- 
PAK  <9/1 
creatinine) 

w/o  SEP- 
PAK  (9/I 
creatinine) 

with  SEP- 
PAK  (9/L 
creatinine) 

pH  7....  .  .  . ... . 

1.14 

1.13 

1.12 

1.12 

pH  7._ . „ . . . - . 

1.14 

1.13 

1.12 

1.12 

pH  7 . 

1.12 

1.12 

2.6.  Interferences 

None. 

2.7.  Safety  precautions 

2.7.1.  Make  sure  samples  are  property 
sealed  and  frozen  before  shipment  to 
avoid  leakage. 

2.7.2.  Follow  the  appropriate  shipping 
procedures. 

The  following  modified  special  safety 
precautions  are  based  on  those  recommended 
by  the  Centers  for  Disease  Control 
(CDC)(Ref.  5.8.). 

2.7.3.  Wear  gloves,  lab  coat,  and  safety 
glasses  while  handling  all  human  urine 
products.  Disposable  plastic,  glass,  and 
paper  (pipet  tips,  gloves,  etc.)  that 
contact  urine  should  be  placed  in  a 
biohazard  autoclave  bag.  These  bags 
should  be  kept  in  appropriate  containers 
until  sealed  and  autoclaved.  Wipe  down 
all  work  surfaces  with  10%  sodium 
hypochlorite  solution  when  work  is 
finished. 

2.7.4.  Dispose  of  all  biological  samples  and 
diluted  specimens  in  a  biohazard 
autoclave  bag  at  the  end  of  the  analytical 
run. 

Z7-5.  Special  care  should  be  taken  when 
handling  and  dispensing  nitric  acid. 
Always  remember  to  add  acid  to  water 
far  urine).  Nitric  acid  is  a  corrosive 
chemical  capable  of  severe  eye  and  skin 
damage.  Wear  metal-free  gloves,  a  lab 
coat,  and  safety  glasses.  If  the  nitric  acid 
comes  in  contact  with  any  part  of  the 
body,  quickly  wash  with  copious 
quantities  of  water  for  at  least  15 
minutes. 

2.7.8.  Special  care  should  be  taken  when 
handling  and  dispensing  NaOH.  Always 
remember  to  add  base  to  water  (or 
urine).  NaOH  can  cause  severe  eye  and 
skin  damage.  Always  wear  the 
appropriate  gloves,  a  lab  coat,  and  safety 
glasses.  If  the  NaOH  comes  in  contact 
with  any  part  of  the  body,  quickly  wash 
with  copious  quantities  of  water  for  at 
least  15  minutes. 


3.  Analytical  Procedure 

3.1.  Apparatus 

3.1.1.  A  high  performance  liquid 
chromatograph  equipped  with  pump, 
sample  injector  and  UV  detector. 

3.1.2.  A  C18  HPLC  column;  25  cm  X  4.6  mm 

LD. 

3.1.3.  An  electronic  integrator,  or  some 
other  suitable  means  of  determining 
analyte  response. 

3.1.4.  Stripchart  recorder. 

3.1.5.  C18  SEP-PAKs  (Waters  Associates) 
or  equivalent. 

3.1.0.  Luer-lock  syringe  for  sample 
preparation  (5  mL  or  10  mL). 

3.1.7.  Volumetric  pipettes  and  flasks  for 
standard  and  sample  preparation. 

3.1.8.  Vacuum  system  to  aid  sample 
preparation  (optional). 

3.2.  Reagents 

3.2.1.  Water,  HPLC  grade. 

3.2.2.  Methanol,  HPLC  grade. 

3.2.3.  PIC  B-7®  (Waters  Associates)  in  small 
vials. 

3.2.4.  Creatinine,  anhydrous,  Sigma 
Chemical  Corp.,  purity  not  listed. 

3.2.5. 1-Heptanesulfonic  acid,  sodium  salt 
monohydrate. 

3.28.  Phosphoric  acid. 

3X7.  Mobile  phase.  It  can  be  prepared  by 
mixing  one  vial  of  PIC  B-7  into  a  1 L 
solution  of  50%  methanol  and  50%  water. 
The  mobile  phase  can  also  be  made  by 
preparing  a  solution  that  is  50%  methanol 
and  50%  water  with  0.005M 
heptanesulfonic  acid  and  adjusting  the 
pH  of  the  solution  to  3.5  with  phosphoric 
acid. 

3.3.  Standard  preparation 

3.3.1.  Stock  standards  were  prepared  by 
weighing  10  to  15  mg  of  creatinine.  This 
is  transferred  to  a  25-mL  volumetric  flask 
and  diluted  to  volume  with  HPLC  grade 
water. 

3.3.2.  Dilutions  to  a  working  range  of  3  to  35 
pg/ mL  are  made  in  either  HPLC  grade 
water  or  HPLC  mobile  phase  (standards 
give  the  same  detector  response  in  either 
solution). 


3.4.  Sample  preparation 

3.4.1.  The  C18  SEP-PAK  is  connected  to  a 
Luer-lock  syringe.  It  is  rinsed  with  5  mL 
HPLC  grade  methanol  and  then  10  mL  of 
HPLC  grade  water.  These  rinses  are 
discarded. 

3.4.2.  Exactly  1.0  mL  of  urine  is  pipetted 
into  the  syringe.  The  urine  is  put  through 
the  SEP-PAK  into  a  suitable  container 
using  a  vacuum  system. 

3.4.3.  The  walls  of  the  syringe  are  rinsed  in 
several  stages  with  a  total  of 
approximately  30  mL  of  HPLC  grade 
water.  These  rinses  are  put  through  the 
SEP-PAK  into  the  same  container.  The 
resulting  solution  is  transferred  to  a  100- 
mL  volumetric  flask  and  then  brought  to 
volume  with  HPLC  grade  water. 

3.5.  Analysis  (conditions  and  hardware  are 
those  used  in  this  evaluation.) 

3.5.1.  Instrument  conditions 


Column .  Zorbax®  ODS,  5-6  pm  par¬ 

ticle  size;  25  cm  X  4.6 
mm  ID. 

Mobile  phase .  See  Section  3.2.7. 

Detector .  Dual  wavelength  UV;  229 

nm  (primary)  254  nm 
(secondary), 

Flow  rate . 0.7  mL/ minute. 

Retention  time .  7.2  minutes. 

Sensitivity .  0.05  AUFS. 

Injection  20  pL. 

volume. 


3.5.2.  Chromatogram  (See  Figure  #2). 

3.6.  Interferences 

3.6.1.  Any  compound  that  has  the  same 
retention  time  a9  creatinine  and  absorbs 
at  229  nm  is  an  interference. 

3.6.2.  HPLC  conditions  may  be  varied  to 
circumvent  interferences.  In  addition, 
analysis  at  another  UV  wavelength  (i.e. 
254  nm)  would  allow  a  comparison  of  the 
ratio  of  response  of  a  standard  to  that  of 
a  sample.  Any  deviations  would  indicate 
an  interference. 
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3.7.  Calculations 

3.7.1.  A  calibration  curve  is  constructed  by 
plotting  detector  response  versus 
standard  concentration  (See  Figure  #3). 

3.7.2.  The  concentration  of  creatinine  in  a 
sample  is  determined  by  finding  the 


concentration  corresponding  to  its 
detector  response.  (See  Figure  #3). 

3.7.3.  The  pg/mL  creatinine  from  section 
3.7.2.  is  then  multiplied  by  100  (the 
dilution  factor).  This  value  is  equivalent 
to  the  micrograms  of  creatinine  in  the  1.0 
mL  stabilized  urine  aliquot  or  the 


milligrams  of  creatinine  per  liter  of  urine. 
The  desired  unit  g/L,  is  determined  by 
the  following  relationship: 

BILLING  COOE  4510-26-11 
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,  W5  /  mL 

g/L=  - 

1000 


mg/L 

1000 


3.7.4.  The  resulting  value  for  creatinine  is 
used  to  normalize  the  urinary 
concentration  of  the  desired  analyte  (A) 
(Cd  or  B2M)  by  using  the  following 
formula. 


fig  A/L 

fig  A/g  (experimental) 

creatinine = 

g/L  creatinine 

Where  A  is  the  desired  analyte.  The  protocol 
of  reporting  such  normalized  results  is  fig 
A/g  creatinine. 

3.8.  Safety  precautions.  See  section  2.7. 

4.  Conclusions 

The  determination  of  creatinine  in  urine  by 
HPLC  is  a  good  alternative  to  the  Jaffe 
method  for  industrial  hygiene 
laboratories.  Sample  clarification  with 
SEP-PAKs  did  not  change  the  amount  of 
creatinine  found  in  urine  samples. 
However,  it  does  protect  the  analytical 
column.  The  results  of  this  creatinine  in 
urine  procedure  are  unaffected  by  the  pH 
of  the  urine  sample  under  the  conditions 
tested  by  this  procedure.  Therefore,  no 
special  measures  are  required  for 
creatinine  analysis  whether  the  urine 
sample  has  been  stabilized  with  10% 
nitric  acid  for  the  Cd  analysis  or  brought 
to  a  pH  of  7  with  0.11  NaOH  for  the  B2M 
analysis. 
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XI.  Final  Standard  (Construction) 

PART  1926— [AMENDED] 

9.  The  authority  citation  for  29  CFR 


part  1926,  Subpart  D  is  revised  as 
follows; 

Authority:  Sec.  107,  Contract  Work  Hours 
and  Safety  Standards  Act  (Construction 
Safety  Act)  (40  U.S.C.  333);  sec.  4.  6,  8 
Occupational  Safety  and  Health  Act  of  1970 
(29  U.S.C.  653,  655,  657);  Secretary  of  Labor’s 
Order  No.  12-71  (36  FR  8754),  8-76  (41  FR 
25059),  9-83  (48  FR  35736)  or  1-90  (55  FR  9033) 
as  applicable. 

Sections  1926.58, 1926.59,  and  1926.60  also 
issued  under  5  U.S.C.  553  and  29  CFR  part 
1911. 

10.  A  new  §  1926.63  with  appendices 
A,  B,  C,  D,  E,  and  F  are  added  to  subpart 
D  to  read  as  set  forth  below.  The  text  of 
appendices  A,  B,  C,  D,  E,  and  F  is 
identical  to  the  text  of  appendices  A,  B, 
C,  D,  E,  and  F  of  §  1910.1027  of  subpart  2 
of  part  1910. 

§  1926.63  Cadmium. 

(а)  Scope.  This  standard  applies  to  all 
occupational  exposures  to  cadmium  and 
cadmium  compounds,  in  all  forms,  in  all 
construction  work  where  an  employee 
may  potentially  be  exposed  to  cadmium. 
Construction  work  is  defined  as  work 
involving  construction,  alteration  and/or 
repair,  including  but  not  limited  to  the 
following; 

(1)  Wrecking,  demolition  or  salvage  of 
structures  where  cadmium  or  materials 
containing  cadmium  are  present; 

(2)  Use  of  cadmium  containing-paints 
and  cutting,  brazing,  burning,  grinding  or 
welding  on  surfaces  that  were  painted 
with  cadmium-containing  paints; 

(3)  Construction,  alteration,  repair, 
maintenance,  or  renovation  of 
structures,  substrates,  or  portions 
thereof,  that  contain  cadmium,  or 
materials  containing  cadmium; 

(4)  Cadmium  welding;  cutting  and 
welding  cadmium-plated  steel;  brazing 
or  welding  with  cadmium  alloys; 

(5)  Installation  of  products  containing 
cadmium; 

(б)  Electrical  grounding  with 
cadwelding,  or  electrical  work  using 
cadmium-coated  conduit; 

(7)  Maintaining  or  retrofitting 
cadmium-coated  equipment; 

(8)  Cadmium  contamination/ 
emergency  cleanup;  and 

(9)  Transportation,  disposal,  storage, 
or  containment  of  cadmium  or  materials 
containing  cadmium  on  the  site  or 
location  at  which  construction  activities 
are  performed. 


(b)  Definitions. 

Action  level  (AL)  is  defined  as  an 
airborne  concentration  of  cadmium  of 
2.5  micrograms  per  cubic  meter  of  air 
(2.5  pg/m3),  calculated  as  an  8-hour 
time-weighted  average  (TWA). 

Assistant  Secretary  means  the 
Assistant  Secretary  of  Labor  for 
Occupational  Safety  and  Health,  U.S. 
Department  of  Labor,  or  designee. 

Authorized  person  means  any  person 
authorized  by  the  employer  and  required 
by  work  duties  to  be  present  in 
regulated  areas  or  any  person 
authorized  by  the  OSH  Act  or 
regulations  issued  under  it  to  be  in 
regulated  areas. 

Competent  person,  in  accordance  with 
29  CFR  1926.32(f),  means  a  person 
designated  by  the  employer  to  act  on  the 
employer’s  behalf  who  is  capable  of 
identifying  existing  and  potential 
cadmium  hazards  in  the  workplace  and 
the  proper  methods  to  control  them  in 
order  to  protect  workers,  and  has  the 
authority  necessary  to  take  prompt 
corrective  measures  to  eliminate  or 
control  such  hazards.  The  duties  of  a 
competent  person  include  at  least  the 
following:  Determining  prior  to  the 
performance  of  work  whether  cadmium 
is  present  in  the  workplace;  establishing, 
where  necessary,  regulated  areas  and 
assuring  that  access  to  and  from  those 
areas  is  limited  to  authorized 
employees;  assuring  the  adequacy  of 
any  employee  exposure  monitoring 
required  by  this  standard;  assuring  that 
all  employees  exposed  to  air  cadmium 
levels  above  the  PEL  wear  appropriate 
personal  protective  equipment  and  are 
trained  in  the  use  of  appropriate 
methods  of  exposure  control;  assuring 
that  proper  hygiene  facilities  are 
provided  and  that  workers  are  trained  to 
use  those  facilities;  and  assuring  that  the 
engineering  controls  required  by  this 
standard  are  implemented,  maintained 
in  proper  operating  condition,  and 
functioning  properly. 

Director  means  the  Director  of  the 
National  Institute  for  Occupational 
Safety  and  Health  (NIOSH),  U.S. 
Department  of  Health  and  Human 
Services,  or  designee. 

Employee  exposure  and  similar 
language  referring  to  the  air  cadmium 
level  to  which  an  employee  is  exposed 
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means  the  exposure  to  airborne 
cadmium  that  would  occur  if  the 
employee  were  not  using  respiratory 
protective  equipment. 

Final  medical  determination  is  the 
written  medical  opinion  of  the 
employee’s  health  status  by  the 
examining  physician  under  paragraphs 

(1)(3)-(12)  of  this  section  or.  if  multiple 
physician  review  under  paragraph  (1)(13) 
of  this  section  or  the  alternative 
physician  determination  under 
paragraph  (1)(14)  of  this  section  is 
invoked,  it  is  the  final,  written  medical 
finding,  recommendation  or 
determination  that  emerges  from  that 
process. 

High-efficiency  particulate  absolute 
[HEP A]  air  filter  means  a  filter  capable 
of  trapping  and  retaining  at  least  99.97 
percent  of  mono-dispersed  particles  of 
0.3  micrometers  in  diameter. 

Regulated  area  means  an  area 
demarcated  by  the  employer  where  an 
employee’s  exposure  to  airborne 
concentrations  of  cadmium  exceeds,  or 
can  reasonably  be  expected  to  exceed 
the  permissible  exposure  limit  (PEL). 

This  section  means  this  cadmium 
standard. 

(c)  Permissible  Exposure  Limit  (PEL). 
The  employer  shall  assure  that  no 
employee  is  exposed  to  an  airborne 
concentration  of  cadmium  in  excess  of 
five  micrograms  per  cubic  meter  of  air  (5 
fig/m3),  calculated  as  an  eight-hour 
time-weighted  average  exposure  (TWA). 

(d)  Exposure  Monitoring — (1)  General. 

(i)  Prior  to  the  performance  of  any 
construction  work  where  employees 
may  be  potentially  exposed  to  cadmium, 
the  employer  shall  establish  the 
applicability  of  this  standard  by 
determining  whether  cadmium  is  present 
in  the  workplace  and  whether  there  is 
the  possibility  that  employee  exposures 
will  be  at  or  above  the  action  level.  The 
employer  shall  designate  a  competent 
person  who  shall  make  this 
determination.  Investigation  and 
material  testing  techniques  shall  be 
used,  as  appropriate,  in  the 
determination.  Investigation  shall 
include  a  review  of  relevant  plans,  past 
reports,  material  safety  data  sheets,  and 
other  available  records,  and 
consultations  with  the  property  owner 
and  discussions  with  appropriate 
individuals  and  agencies. 

(ii)  Where  cadmium  has  been 
determined  to  be  present  in  the 
workplace,  and  it  has  been  determined 
that  there  is  a  possibility  the  employee’s 
exposure  will  be  at  or  above  the  action 
level,  the  competent  person  shall 
identify  employees  potentially  exposed 
to  cadmium  at  or  above  the  action  level. 

(iii)  Determinations  of  employee 
exposure  shall  be  made  from  breathing- 


zone  air  samples  that  reflect  the 
monitored  employee’s  regular,  daily  8- 
hour  TWA  exposure  to  cadmium. 

(iv)  Eight-hour  TWA  exposures  shall 
be  determined  for  each  employee  on  the 
basis  of  one  or  more  personal  breathing- 
zone  air  samples  reflecting  full  shift 
exposure  on  each  shift,  for  each  job 
classification,  in  each  work  area.  Where 
several  employees  perform  the  same  job 
tasks,  in  the  same  job  classification,  on 
the  same  shift,  in  the  same  work  area, 
and  the  length,  duration,  and  level  of 
cadmium  exposures  are  similar,  an 
employer  may  sample  a  representative 
fraction  of  the  employees  instead  of  all 
employees  in  order  to  meet  this 
requirement.  In  representative  sampling, 
the  employer  shall  sample  the 
employee(s)  expected  to  have  the 
highest  cadmium  exposures. 

(2)  Specific,  (i)  Initial  monitoring. 
Except  as  provided  for  in  paragraph 
(d)(2)(iii)  of  this  section,  where  a 
determination  conducted  under 
paragraph  (d)(l)(i)  of  this  section  shows 
the  possibility  of  employee  exposure  to 
cadmium  at  or  above  the  action  level, 
the  employer  shall  conduct  exposure 
monitoring  as  soon  as  practicable  that  is 
representative  of  the  exposure  for  each 
employee  in  the  workplace  who  is  or 
may  be  exposed  to  cadmium  at  or  above 
the  action  level. 

(ii)  In  addition,  if  the  employee 
periodically  performs  tasks  that  may 
expose  the  employee  to  a  higher 
concentration  of  airborne  cadmium,  the 
employee  shall  be  monitored  while 
performing  those  tasks. 

(iii)  Where  the  employer  has  objective 
data,  as  defined  in  paragraph  (n)(2)  of 
this  section,  demonstrating  that 
employee  exposure  to  cadmium  will  not 
exceed  airborne  concentrations  at  or 
above  the  action  level  under  the 
expected  conditions  of  processing,  use, 
or  handling,  the  employer  may  rely  upon 
such  data  instead  of  implementing  initial 
monitoring. 

(iv)  Where  a  determination  conducted 
under  paragraphs  (d)(1)  or  (d)(2)  of  this 
section  is  made  that  a  potentially 
exposed  employee  is  not  exposed  to 
airborne  concentrations  of  cadmium  at 
or  above  the  action  level,  the  employer 
shall  make  a  written  record  of  such 
determination.  The  record  shall  include 
at  least  the  monitoring  data  developed 
under  paragraphs  (d)(2)(i>— (iii)  of  this 
section,  where  applicable,  and  shall  also 
include  the  date  of  determination,  and 
the  name  and  social  security  number  of 
each  employee. 

(3)  Monitoring  frequency  (periodic 
monitoring),  (i)  If  the  initial  monitoring 
or  periodic  monitoring  reveals  employee 
exposures  to  be  at  or  above  the  action 
level,  the  employer  shall  monitor  at  a 


frequency  and  pattern  needed  to  assure 
that  the  monitoring  results  reflect  with 
reasonable  accuracy  the  employee's 
typical  exposure  levels,  given  the 
variability  in  the  tasks  performed,  work 
practices,  and  environmental  conditions 
on  the  job  site,  and  to  assure  the 
adequacy  of  respiratory  selection  and 
the  effectiveness  of  engineering  and 
work  practice  controls. 

(ii)  If  the  initial  monitoring  or  the 
periodic  monitoring  indicates  that 
employee  exposures  are  below  the 
action  level  and  that  result  is  confirmed 
by  the  results  of  another  monitoring 
taken  at  least  seven  days  later,  the 
employer  may  discontinue  the 
monitoring  for  those  employees  whose 
exposures  are  represented  by  such 
monitoring. 

(4)  Additional  monitoring.  The 
employer  also  shall  institute  the 
exposure  monitoring  required  under 
paragraphs  (d)(2)(i)  and  (d)(3)  of  this 
section  whenever  there  has  been  a 
change  in  the  raw  materials,  equipment, 
personnel,  work  practices,  or  finished 
products  that  may  result  in  additional 
employees  being  exposed  to  cadmium  at 
or  above  the  action  level  or  in 
employees  already  exposed  to  cadmium 
at  or  above  the  action  level  being 
exposed  above  the  PEL,  or  whenever  the 
employer  or  competent  person  has  any 
reason  to  suspect  that  any  other  change 
might  result  in  such  further  exposure. 

(5)  Employee  notification  of 
monitoring  results,  (i)  No  later  than  five 
working  days  after  the  receipt  of  the 
results  of  any  monitoring  performed 
under  this  section,  the  employer  shall 
notify  each  affected  employee 
individually  in  writing  of  the  results.  In 
addition,  within  the  same  time  period, 
the  employer  shall  post  the  results  of  the 
exposure  monitoring  in  an  appropriate 
location  that  is  accessible  to  all  affected 
employees. 

(ii)  Wherever  monitoring  results 
indicate  that  employee  exposure 
exceeds  the  PEL,  the  employer  shall 
include  in  the  written  notice  a  statement 
that  the  PEL  has  been  exceeded  and  a 
description  of  the  corrective  action 
being  taken  by  the  employer  to  reduce 
employee  exposure  to  or  below  the  PEL. 

(6)  Accuracy  of  measurement.  The 
employer  shall  use  a  method  of 
monitoring  and  analysis  that  has  an 
accuracy  of  not  less  than  plus  or  minus 
25  percent  (±  25%),  with  a  confidence 
level  of  95  percent,  for  airborne 
concentrations  of  cadmium  at  or  above 
the  action  level  and  the  permissible 
exposure  limit. 

(e)  Regulated  areas — (1) 
Establishment.  The  employer  shall 
establish  a  regulated  area  wherever  an 
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employee's  exposure  to  airborne 
concentrations  of  cadmium  is,  or  can 
reasonably  be  expected  to  be  in  excess 
of  the  permissible  exposure  limit  (PEL). 

(2)  Demarcation.  Regulated  areas 
shall  be  demarcated  from  the  rest  of  the 
workplace  in  any  manner  that 
adequately  establishes  and  alerts 
employees  of  the  boundaries  of  the 
regulated  area,  including  employees 
who  are  or  may  be  incidentally  in  the 
regulated  areas,  and  that  protects 
persons  outside  the  area  from  exposure 
to  airborne  concentrations  of  cadmium 
in  excess  of  the  PEL. 

(3)  Access.  Access  to  regulated  areas 
shall  be  limited  to  authorized  persons. 

(4)  Provision  of  respirators.  Each 
person  entering  a  regulated  area  shall  be 
supplied  with  and  required  to  use  a 
respirator,  selected  in  accordance  with 
paragraph  (g)(2)  of  this  section. 

(5)  Prohibited  activities.  The  employer 
shall  assure  that  employees  do  not  eat, 
drink,  smoke,  chew  tobacco  or  gum,  or 
apply  cosmetics  in  regulated  areas,  or 
carry  the  products  associated  with  any 
of  these  activities  into  regulated  areas  or 
store  such  products  in  those  areas. 

(f)  Methods  of  compliance — (1) 
Compliance  hierarchy,  (i)  Except  as 
specified  in  paragraph  (f)(l)(ii)  of  this 
section,  the  employer  shall  implement 
engineering  and  work  practice  controls 
to  reduce  and  maintain  employee 
exposure  to  cadmium  at  or  below  the 
PEL,  except  to  the  extent  that  the 
employer  can  demonstrate  that  such 
controls  are  not  feasible. 

(ii)  The  requirement  to  implement 
engineering  controls  to  achieve  the  PEL 
does  not  apply  where  the  employer 
demonstrates  the  following: 

(A)  The  employee  is  only 
intermittently  exposed:  and 

(B)  The  employee  is  not  exposed 
above  the  PEL  on  30  or  more  days  per 
year  (12  consecutive  months). 

(iii)  Wherever  engineering  and  work 
practice  controls  are  not  sufficient  to 
reduce  employee  exposure  to  or  below 
the  PEL,  the  employer  nonetheless  shall 
implement  such  controls  to  reduce 
exposures  to  the  lowest  levels 
achievable.  The  employer  shall 
supplement  such  controls  with 
respiratory  protection  that  complies 
with  the  requirements  of  paragraph  (g) 
of  this  section  and  the  PEL. 

(iv)  The  employer  shall  not  use 
employee  rotation  as  a  method  of 
compliance. 

(2)  Specific  operations — (i)  Abrasive 
blasting.  Abrasive  blasting  on  cadmium 


or  cadmium-containing  materials  shall 
be  conducted  in  a  manner  that  will 
provide  adequate  protection. 

(ii)  Heating  cadmium  and  cadmium- 
containing  materials.  Welding,  cutting, 
and  other  forms  of  heating  of  cadmium 
or  cadmium-containing  materials  shall 
be  conducted  in  accordance  with  the 
requirements  of  29  CFR  1926.353  and  29 
CFR  1926.354,  where  applicable. 

(3)  Prohibitions,  (i)  High  speed 
abrasive  disc  saws  and  similar  abrasive 
power  equipment  shall  not  be  used  for 
work  on  cadmium  or  cadmium- 
containing  materials  unless  they  are 
equipped  with  appropriate  engineering 
controls  to  minimize  emissions,  if  the 
exposure  levels  are  above  the  PEL. 

(ii)  Materials  containing  cadmium 
shall  not  be  applied  by  spray  methods,  if 
exposures  are  above  the  PEL,  unless 
employees  are  protected  with  supplied- 
air  respirators  with  full  facepiece,  hood, 
helmet,  suit,  operated  in  positive 
pressure  mode  and  measures  are 
instituted  to  limit  overspray  and  prevent 
contamination  of  adjacent  areas. 

(4)  Mechanical  ventilation,  (i)  When 
ventilation  is  used  to  control  exposure, 
measurements  that  demonstrate  the 
effectiveness  of  the  system  in  controlling 
exposure,  such  as  capture  velocity,  duct 
velocity,  or  static  pressure  shall  be 
made  as  necessary  to  maintain  its 
effectiveness. 

(ii)  Measurements  of  the  system’s 
effectiveness  in  controlling  exposure 
shall  be  made  as  necessary  within  five 
working  days  of  any  change  in 
production,  process,  or  control  that 
might  result  in  a  significant  increase  in 
employee  exposure  to  cadmium. 

(iii)  Recirculation  of  air.  If  air  from 
exhaust  ventilation  is  recirculated  into 
the  workplace,  the  system  shall  have  a 
high  efficiency  filter  and  be  monitored  to 
assure  effectiveness. 

(iv)  Procedures  shall  be  developed 
and  implemented  to  minimize  employee 
exposure  to  cadmium  when 
maintenance  of  ventilation  systems  and 
changing  of  filters  is  being  conducted. 

(5)  Compliance  program,  (i)  Where  the 
PEL  is  exceeded,  the  employer  shall 
establish  and  implement  a  written 
compliance  program  to  reduce  employee 
exposure  to  or  below  the  PEL  by  means 
of  engineering  and  work  practice 
controls,  as  required  by  paragraph  (f)(1) 
of  this  section.  To  the  extent  that 
engineering  and  work  practice  controls 
cannot  reduce  exposures  to  or  below  the 
PEL,  the  employer  shall  include  in  the 
written  compliance  program  the  use  of 


appropriate  respiratory  protection  to 
achieve  compliance  with  the  PEL. 

(ii)  Written  compliance  programs  shall 
be  reviewed  and  updated  as  often  and 
as  promptly  as  necessary  to  reflect 
significant  changes  in  the  employer’s 
compliance  status  or  significant  changes 
in  the  lowest  air  cadmium  level  that  is 
technologically  feasible. 

(iii)  A  competent  person  shall  review 
the  comprehensive  compliance  program 
initially  and  after  each  change. 

(iv)  Written  compliance  programs 
shall  be  provided  upon  request  for 
examination  and  copying  to  the 
Assistant  Secretary,  the  Director, 
affected  employees,  and  designated 
employee  representatives. 

(g)  Respirator  protection — (1) 

General.  Where  respirators  are  required 
by  this  section,  the  employer  shall 
provide  them  at  no  cost  to  the  employee 
and  shall  assure  that  they  are  used  in 
compliance  with  the  requirements  of  this 
section.  Respirators  shall  be  used  in  the 
following  circumstances: 

(1)  Where  exposure  levels  exceed  the 
PEL,  during  the  time  period  necessary  to 
install  or  implement  feasible  engineering 
and  work  practice  controls; 

(ii)  In  those  maintenance  and  repair 
activities  and  during  those  brief  or 
intermittent  operations  where  exposures 
exceed  the  PEL  and  engineering  and 
work  practice  controls  are  not  feasible, 
or  are  not  required: 

(iii)  In  regulated  areas,  as  prescribed 
in  paragraph  (e)  of  this  section; 

(iv)  Where  the  employer  has 
implemented  all  feasible  engineering 
and  work  practice  controls  and  such 
controls  are  not  sufficient  to  reduce 
exposures  to  or  below  the  PEL; 

(v)  In  emergencies; 

(vi)  Wherever  an  employee  who  is 
exposed  to  cadmium  at  or  above  the 
action  level  requests  a  respirator,  and 

(vii)  Wherever  an  employee  is 
exposed  to  cadmium  above  the  PEL  and 
engineering  controls  are  not  required 
under  paragraph  (f)(l)(ii)  of  this  section. 

(2)  Respirator  selection,  (i)  Where 
respirators  are  required  under  this 
section,  the  employer  shall  select  and 
provide  the  appropriate  respirator  as 
specified  in  Table  1.  The  employer  shall 
select  respirators  from  among  those 
jointly  approved  as  acceptable 
protection  against  cadmium  dust,  fume, 
and  mist  by  the  Mine  Safety  and  Health 
Administration  (MSHA)  and  by  the 
National  Institute  for  Occupational 
Safety  and  Health  (NIOSH)  under  the 
provisions  of  30  CFR  part  11. 
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Table  1  .—Respiratory  Protection  for  Cadmium 

Airtxxne  concentration  or  condition  of  use  * 

Required  respirator  type  b  •  - 

10  x  or  less . 

A  half  mask,  air-purifying  respirator  equipped  with  a  HEPA*  filter.*1 

A  powered  air-purifying  respirator  ("PAPR"  with  a  loose-fitting  hood  or  helmet  equipped  with  a  HEPA  filter,  or  a 
supplied-air  respirator  with  a  loose-fitting  hood  or  helmet  facepiece  operated  in  the  continuous  flow  mode. 

A  full  facepiece  air-purifying  respirator  equipped  with  a  HEPA  filter,  or  a  powered  air-purifying  respirator  with  a 
tight-fitting  half  mask  equipped  with  a  HEPA  filter,  or  a  supplied  air  respirator  -with  a  tight-fitting  half  mask 
operated  in  the  continuous  flow  mode. 

A  powered  air-purifying  respirator  with  a  tight-fitting  full  facepiece  equipped  with  a  HEPA  Titter,  or  a  supplied-air 
respirator  with  a  tight-fitting  full  facepiece  operated  in  the  continuous  flow  mode. 

A  supplied-air  respirator  with  half  mask  or  full  facepiece  operated  in  the  pressure  demand  or  other  positive 
pressure  mode. 

A  self-contained  breathing  apparatus  with  unknown  coricentrations  a  full  facepiece  operated  in  the  pressure 
demand  or  other  positive  pressure  mode,  or  a  supplied-air  respirator  with  a  full  facepiece  operated  in  the 
pressure  demand  or  other  positive  pressure  mode  and  equipped  with  an  auxiliary  escape  type  self  contained 
breathing  apparatus  operated  in  the  pressure  demand  mode. 

A  self-contained  breathing  apparatus  with  full  facepiece  operated  in  the  pressure  demand  or  other  positive 
pressure  mode. 

25  x  or  less . 

50  x  or  less . 

250  x  or  less . 

1000  x  or  less . 

>1000  x  or  unknown  concentrations.- . 

•  Concentrations  expressed  as  multiple  of  the  PEL 

b  Respirators  assigned  for  higher  environmental  concentrations  may  be  used  at  lower  exposure  levels.  Quantitative  fit  testing  is  required  for  all  tight-fitting  air 
purifying  respirators  where  airborne  concentration  of  cadmium  exceeds  10  times  the  TWA  PEL  (10x5  p.g/m3=50  pg/m^.  A  hill  facepiece  respirator  is  required 
when  eye  irritation  is  experienced. 

c  HEPA  means  High  Efficiency  Particulate  Absolute. 

4  Fit  testing,  qualitative  or  quantitative,  is  required. 

Source:  Respiratory  Decision  Logic,  NIOSH,  1987. 


(ii)  The  employer  shall  provide  a 
powered,  air-purifying  respirator  (PAPR) 
in  lieu  of  a  negative  pressure  respirator 
wherever: 

(A)  An  employee  entitled  to  a 
respirator  chooses  to  use  this  type  of 
respirator;  and 

(B)  This  respirator  will  provide 
adequate  protection  to  the  employee. 

(3)  Respirator  program,  (i)  Where 
respiratory  protection  is  required,  the 
employer  shall  institute  a  respirator 
protection  program  in  accordance  with 
29  CFR  1910.134. 

(ii)  The  employer  shall  permit  each 
employee  who  is  required  to  use  an  air 
purifying  respirator  to  leave  the 
regulated  area  to  change  the  filter 
elements  or  replace  the  respirator 
whenever  an  increase  in  breathing 
resistance  is  detected  and  shall 
maintain  an  adequate  supply  of  filter 
elements  for  this  purpose. 

(iii)  The  employer  shall  also  permit 
each  employee  who  is  required  to  wear 
a  respirator  to  leave  the  regulated  area 
to  wash  his  or  her  face  and  the 
respirator  facepiece  whenever 
necessary  to  prevent  skin  irritation 
associated  with  respirator  use. 

(iv)  If  an  employee  exhibits  difficulty 
in  breathing  while  wearing  a  respirator 
during  a  fit  test  or  during  use,  the 
employer  shall  make  available  to  the 
employee  a  medical  examination  in 
accordance  with  paragraph  (l)(6)(ii)  of 
this  section  to  determine  if  the  employee 
can  wear  a  respirator  while  performing 
the  required  duties. 

(v)  No  employee  shall  be  assigned  a 
task  requiring  the  use  of  a  respirator  if, 
based  upon  his  or  her  most  recent 
examination,  an  examining  physician 
determines  that  the  employee  will  be 


unable  to  continue  to  function  normally 
while  wearing  a  respirator.  If  the 
physician  determines  the  employee  must 
be  limited  in,  or  removed  from  his  or  her 
current  job  because  of  the  employee's 
inability  to  wear  a  respirator,  the 
limitation  or  removal  shall  be  in 
accordance  with  paragraphs  (1)  (11)  and 
(12)  of  this  section. 

(4)  Respirator  fit  testing,  (i)  The 
employer  shall  assure  that  the  respirator 
issued  to  the  employee  is  fitted  properly 
jtnd  exhibits  the  least  possible  facepiece 
leakage. 

(ii)  For  each  employee  wearing  a  tight- 
fitting,  air  purifying  respirator  (either 
negative  or  positive  pressure)  who’  is 
exposed  to  airborne  concentrations  of 
cadmium  that  do  not  exceed  10  times 
the  PEL  (10  X  5  pg/m3  =  50  p,g/m3),  the 
employer  shall  perform  either 
quantitative  or  qualitative  fit  testing  at 
the  time  of  initial  fitting  and  at  least 
annually  thereafter.  If  quantitative  fit 
testing  is  used  for  a  negative  pressure 
respirator,  a  fit  factor  that  is  at  least  10 
times  the  protection  factor  for  that  class 
of  respirators  (Table  1  in  paragraph 
(g)(2)(i)  of  this  section)  shall  be  achieved 
at  testing. 

(iii)  For  each  employee  wearing  a 
tight-fitting  air  purifying  respirator 
(either  negative  or  positive  pressure) 
who  is  exposed  to  airborne 
concentrations  of  cadmium  that  exceed 
10  times  the  PEL  (10  X  5  pg/m3  =  50 
p.g/m3),  the  employer  shall  perform 
quantitative  fit  testing  at  the  time  of 
initial  fitting  and  at  least  annually 
thereafter.  For  negative-pressure 
respirators,  a  fit  factor  that  is  at  least 
ten  times  the  protection  factor  for  that 
class  of  respirators  (Table  1  in 
paragraph  (g)(2)(i)  of  this  section)  shall 


be  achieved  during  quantitative  fit 
testing. 

(iv)  For  each  employee  wearing  a 
tight-fitting,  supplied-air  respirator  or 
self-contained  breathing  apparatus,  the 
employer  shall  perform  quantitative  fit 
testing  at  the  time  of  initial  fitting  and  at 
least  annually  thereafter.  This  shall  be 
accomplished  by  fit  testing  an  air 
purifying  respirator  of  identical  type 
facepiece,  make,  model,  and  size  as  the 
supplied  air  respirator  or  self-contained 
breathing  apparatus  that  is  equipped 
with  HEPA  filters  and  tested  as  a 
surrogate  (substitute)  in  the  negative 
pressure  mode.  A  fit  factor  that  is  at 
least  10  times  the  protection  factor  for 
that  class  of  respirators  (Table  1  in 
paragraph  (g)(2)(i)  of  this  section)  shall 
be  achieved  during  quantitative  fit 
testing.  A  supplied-air  respirator  or  self- 
contained  breathing  apparatus  with  the 
same  type  facepiece,  make,  model,  and 
size  as  the  air  purifying  respirator  with 
which  the  employee  passed  the 
quantitative  fit  test  may  then  be  used  by 
that  employee  up  to  the  protection  factor 
listed  in  Table  1  in  paragraph  (g)(2)(i)  of 
this  section  for  that  class  of  respirators. 

(v)  Fit  testing  shall  be  conducted  in 
accordance  with  Appendix  C  of  this 
section. 

(h)  Emergency  situations.  The 
employer  shall  develop  and  implement  a 
written  plan  for  dealing  with  emergency 
situations  involving  substantial  releases 
of  airborne  cadmium.  The  plan  shall 
include  provisions  for  the  use  of 
appropriate  respirators  and  personal 
protective  equipment.  In  addition, 
employees  not  essential  to  correcting 
the  emergency  situation  shall  be 
restricted  from  the  area  and  normal 
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operations  halted  in  that  area  until  the 
emergency  is  abated. 

(i)  Protective  work  clothing  and 
equipment — (1)  Provision  and  use.  If  an 
employee  is  exposed  to  airborne 
cadmium  above  the  PEL  or  where  skin 
or  eye  irritation  is  associated  with 
cadmium  exposure  at  any  level,  the 
employer  shall  provide  at  no  cost  to  the 
employee,  and  assure  that  the  employee 
uses,  appropriate  protective  work 
clothing  and  equipment  that  prevents 
contamination  of  the  employee  and  the 
employee’s  garments.  Protective  work 
clothing  and  equipment  includes,  but  is 
not  limited  to: 

(1)  Coveralls  or  similar  full-body  work 
clothing; 

(ii)  Gloves,  head  coverings,  and  boots 
or  foot  coverings;  and 

(iii)  Face  shields,  vented  goggles,  or 
other  appropriate  protective  equipment 
that  complies  with  29  CFR  1910.133. 

(2)  Removal  and  storage,  (i)  The 
employer  shall  assure  that  employees 
remove  all  protective  clothing  and 
equipment  contaminated  with  cadmium 
at  the  completion  of  the  work  shift  and 
do  so  only  in  change  rooms  provided  in 
accordance  with  paragraph  (j)(l)  of  this 
section. 

(ii)  The  employer  shall  assure  that  no 
employee  takes  cadmium-contaminated 
protective  clothing  or  equipment  from 
the  workplace,  except  for  employees 
authorized  to  do  so  for  purposes  of 
laundering,  cleaning,  maintaining,  or 
disposing  of  cadmium-contaminated 
protective  clothing  and  equipment  at  an 
appropriate  location  or  facility  away 
from  the  workplace. 

(iii)  The  employer  shall  assure  that 
contaminated  protective  clothing  and 
equipment,  when  removed  for 
laundering,  cleaning,  maintenance,  or 
disposal,  is  placed  and  stored  in  sealed, 
impermeable  bags  or  other  closed, 
impermeable  containers  that  are 
designed  to  prevent  dispersion  of 
cadmium  dust. 

(iv)  The  employer  shall  assure  that 
containers  of  contaminated  protective 
clothing  and  equipment  that  are  to  be 
taken  out  of  the  change  rooms  or  the 
workplace  for  laundering,  cleaning, 
maintenance  or  disposal  shall  bear 
labels  in  accordance  with  paragraph 
(m)(2)  of  this  section. 

(3)  Cleaning,  replacement,  and 
disposal,  (i)  The  employer  shall  provide 
the  protective  clothing  and  equipment 
required  by  paragraph  (i)(l)  of  this 
section  in  a  clean  and  dry  condition  as 
often  as  necessary  to  maintain  its 
effectiveness,  but  in  any  event  at  least 
weekly.  The  employer  is  responsible  for 
cleaning  and  laundering  the  protective 
clothing  and  equipment  required  by  this 
paragraph  to  maintain  its  effectiveness 


and  is  also  responsible  for  disposing  of 
such  clothing  and  equipment. 

(ii)  The  employer  also  is  responsible 
for  repairing  or  replacing  required 
protective  clothing  and  equipment  as 
needed  to  maintain  its  effectiveness. 
When  rips  or  tears  are  detected  while 
an  employee  is  working  they  shall  be 
immediately  mended,  or  the  worksuit 
shall  be  immediately  replaced. 

(iii)  The  employer  shall  prohibit  the 
removal  of  cadmium  from  protective 
clothing  and  equipment  by  blowing, 
shaking,  or  any  other  means  that 
disperses  cadmium  into  the  air. 

(iv)  The  employer  shall  assure  that 
any  laundering  of  contaminated  clothing 
or  cleaning  of  contaminated  equipment 
in  the  workplace  is  done  in  a  manner 
that  prevents  the  release  of  airborne 
cadmium  in  excess  of  the  permissible 
exposure  limit  prescribed  in  paragraph 
(c)  of  this  section. 

(v)  The  employer  shall  inform  any 
person  who  launders  or  cleans 
protective  clothing  or  equipment 
contaminated  with  cadmium  of  the 
potentially  harmful  effects  of  exposure 
to  cadmium,  and  that  the  clothing  and 
equipment  should  be  laundered  or 
cleaned  in  a  manner  to  effectively 
prevent  the  release  of  airborne  cadmium 
in  excess  of  the  PEL. 

(j)  Hygiene  areas  and  practices. — (1) 
General.  For  employees  whose  airborne 
exposure  to  cadmium  is  above  the  PEL, 
the  employer  shall  provide  clean  change 
rooms,  handwashing  facilities,  showers, 
and  lunchroom  facilities  that  comply 
with  29  CFR  1926.51. 

(2)  Change  rooms.  The  employer  shall 
assure  that  change  rooms  are  equipped 
with  separate  storage  facilities  for  street 
clothes  and  for  protective  clothing  and 
equipment,  which  are  designed  to 
prevent  dispersion  of  cadmium  and 
contamination  of  the  employee’s  street 
clothes. 

(3)  Showers  and  handwashing 
facilities,  (i)  The  employer  shall  assure 
that  employees  whose  airborne 
exposure  to  cadmium  is  above  the  PEL 
shower  during  the  end  of  the  work  shift. 

(ii)  The  employer  shall  assure  that 
employees  who  are  exposed  to  cadmium 
above  the  PEL  wash  their  hands  and 
faces  prior  to  eating,  drinking,  smoking, 
chewing  tobacco  or  gum,  or  applying 
cosmetics. 

(4)  Lunchroom  facilities,  (i)  The 
employer  shall  assure  that  the 
lunchroom  facilities  are  readily 
accessible  to  employees,  that  tables  for 
eating  are  maintained  free  of  cadmium, 
and  that  no  employee  in  a  lunchroom 
facility  is  exposed  at  any  time  to 
cadmium  at  or  above  a  concentration  of 
2.5  fig/m3. 


(ii)  The  employer  shall  assure  that 
employees  do  not  enter  lunchroom 
facilities  with  protective  work  clothing 
or  equipment  unless  surface  cadmium 
has  been  removed  from  the  clothing  and 
equipment  by  HEPA  vacuuming  or  some 
other  method  that  removes  cadmium 
dust  without  dispersing  it. 

(k)  Housekeeping.  (1)  All  surfaces 
shall  be  maintained  as  free  as 
practicable  of  accumulations  of 
cadmium. 

(2)  All  spills  and  sudden  releases  of 
material  containing  cadmium  shall  be 
cleaned  up  as  soon  as  possible. 

(3)  Surfaces  contaminated  with 
cadmium  shall,  wherever  possible,  be 
cleaned  by  vacuuming  or  other  methods 
that  minimize  the  likelihood  of  cadmium 
becoming  airborne. 

(4)  HEPA-filtered  vacuuming 
equipment  or  equally  effective  filtration 
methods  shall  be  used  for  vacuuming. 
The  equipment  shall  be  used  and 
emptied  in  a  manner  that  minimizes  the 
reentry  of  cadmium  into  the  workplace. 

(5)  Shoveling,  dry  or  wet  sweeping, 
and  brushing  may  be  used  only  where 
vacuuming  or  other  methods  that 
minimize  the  likelihood  of  cadmium 
becoming  airborne  have  been  tried  and 
found  not  to  be  effective. 

(6)  Compressed  air  shall  not  be  used 
to  remove  cadmium  from  any  surface 
unless  the  compressed  air  is  used  in 
conjunction  with  a  ventilation  system 
designed  to  capture  the  dust  cloud 
created  by  the  compressed  air. 

(7)  Waste,  scrap,  debris,  bags, 
containers,  personal  protective 
equipment,  and  clothing  contaminated 
with  cadmium  and  consigned  for 
disposal  shall  be  collected  and  disposed 
of  in  sealed  impermeable  bags  or  other 
closed,  impermeable  containers.  These 
bags  and  containers  shall  be  labeled  in 
accordance  with  paragraph  (m)(2)  of  this 
section. 

(l)  Medical  Surveillance. — (1) 

General. — (i)  Scope.  (A)  Currently 
exposed — The  employer  shall  institute  a 
medical  surveillance  program  for  all 
employees  who  are  or  may  be  exposed 
at  or  above  the  action  level  and  all 
employees  who  perform  the  following 
tasks,  operations  or  jobs:  Electrical 
grounding  with  cadwelding;  cutting, 
brazing,  burning,  grinding  or  welding  on 
surfaces  that  were  painted  with 
cadmium-containing  paints;  electrical 
work  using  cadmium-coated  conduit; 
use  of  cadmium  containing  paints; 
cutting  and  welding  cadmium-plated 
steel;  brazing  or  welding  with  cadmium 
alloys;  fusing  of  reinforcing  steel  by 
cadmium  welding;  maintaining  or 
retrofitting  cadmium-coated  equipment; 
and,  wrecking  and  demolition  where 
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cadmium  is  present.  A  medical 
surveillance  program  will  not  be 
required  if  the  employer  demonstrates 
that  the  employee: 

(1)  Is  not  currently  exposed  by  the 
employer  to  airborne  concentrations  of 
cadmium  at  or  above  the  action  level  on 
30  or  more  days  per  year  (twelve 
consecutive  months);  and. 

(2)  Is  not  currently  exposed  by  the 
employer  in  those  tasks  on  30  or  more 
days  per  year  (twelve  consecutive 
months). 

(B)  Previously  exposed — The 
employer  shall  also  institute  a  medical 
surveillance  program  for  all  employees 
who  might  previously  have  been 
exposed  to  cadmium  by  the  employer 
prior  to  the  effective  date  of  this 
standard  in  tasks  specified  under 
paragraph  (l)(l)(i)(A)  of  this  section, 
unless  the  employer  demonstrates  that 
the  employee  did  not  in  the  years  prior 
to  the  effective  date  of  this  section  work 
in  those  tasks  for  the  employer  with 
exposure  to  cadmium  for  an  aggregated 
total  of  more  than  12  months. 

(ii)  To  determine  an  employee’s 
fitness  for  using  a  respirator,  the 
employer  shall  provide  the  limited 
medical  examination  specified  in 
paragraph  (1)(6)  of  this  section. 

(iii)  The  employer  shall  assure  that  all 
medical  examinations  and  procedures 
required  by  this  section  are  performed 
by  or  under  the  supervision  of  a  licensed 
physician,  who  has  read  and  is  familiar 
with  the  health  effects  section  of 
appendix  A  to  this  section,  the 
regulatory  text  of  this  section,  the 
protocol  for  sample  handling  and  lab 
selection  in  appendix  F  to  this  section, 
and  the  questionnaire  of  appendix  D  to 
this  section. 

(iv)  The  employer  shall  provide  the 
medical  surveillance  required  by  this 
section,  including  multiple  physician 
review  under  paragraph  (1)(13)  of  this 
section  without  cost  to  employees,  and 
at  a  time  and  place  that  is  reasonable 
and  convenient  to  employees. 

(v)  The  employer  shall  assure  that  the 
collecting  and  handling  of  biological 
samples  of  cadmium  in  urine  (CdU). 
cadmium  in  blood  (CdB),  and  beta-2 
microglobulin  in  urine  (/fe-M)  taken  from 
employees  under  this  section  is  done  in 
a  manner  that  assures  their  reliability 
and  that  analysis  of  biological  samples 
of  cadmium  in  urine  (CdU),  cadmium  in 
blood  (CdB),  and  beta-2  microglobulin  in 
urine  (/3a-M)  taken  from  employees 
under  this  section  is  performed  in 
laboratories  with  demonstrated 
proficiency  to  perform  the  particular 
analysis.  (See  appendix  F  to  this 
section.) 

(2)  Initial  Examination,  (i)  For 
employees  covered  by  medical 


surveillance  under  paragraph  (l)(l)(i)  of 
this  section,  the  employer  shall  provide 
an  initial  medical  examination.  The 
examination  shall  be  provided  to  those 
employees  within  30  days  after  initial 
assignment  to  a  job  with  exposure  to 
cadmium  or  no  later  than  90  days  after 
the  effective  date  of  this  section, 
whichever  date  is  later. 

(ii)  The  initial  medical  examination 
shall  include: 

(A)  A  detailed  medical  and  work 
history,  with  emphasis  on:  Past,  present, 
and  anticipated  future  exposure  to 
cadmium;  any  history  of  renal, 
cardiovascular,  respiratory, 
hematopoietic,  reproductive,  and/or 
musculo-skeletal  system  dysfunction; 
current  usage  of  medication  with 
potential  nephrotoxic  side-effects;  and 
smoking  history  and  current  status;  and 

(B)  Biological  monitoring  that  includes 
the  following  tests: 

(1)  Cadmium  in  urine  (CdU), 
standardized  to  grams  of  creatinine  (g / 
Cr); 

(2)  Beta-2  microglobulin  in  urine  (&- 
M),  standardized  to  grams  of  creatinine 
(g/Cr),  with  pH  specified,  as  described 
in  Appendix  F  to  this  section;  and 

(3)  Cadmium  in  blood  (CdB), 
standardized  to  liters  of  whole  blood 
(lwb). 

(iii)  Recent  Examination:  An  initial 
examination  is  not  required  to  be 
provided  if  adequate  records  show  that 
the  employee  has  been  examined  in 
accordance  with  the  requirements  of 
paragraph  (l)(2)(ii)  of  this  section  within 
the  past  12  months.  In  that  case,  such 
records  shall  be  maintained  as  part  of 
the  employee’s  medical  record  and  the 
prior  exam  shall  be  treated  as  if  it  were 
an  initial  examination  for  the  purposes 
of  paragraphs  (1)(3)  and  (4)  of  this 
section. 

(3)  Actions  triggered  by  initial 
biological  monitoring,  (i)  If  the  results  of 
the  biological  monitoring  tests  in  the 
initial  examination  show  the  employee’s 
CdU  level  to  be  at  or  below  3pg/g  Cr, 
/J2-M  level  to  be  at  or  below  300pg/g  Cr 
and  CdB  level  to  be  at  or  below  5pg/ 
lwb,  then: 

(A)  For  employees  who  are  subject  to  . 
medical  surveillance  under  paragraphs 
(l)(l)(i)(A)  of  this  section  because  of 
current  or  anticipated  exposure  to 
cadmium,  the  employer  shall  provide  the 
minimum  level  of  periodic  medical 
surveillance  in  accordance  with  the 
requirements  in  paragraph  (l)(4)(i)  of  this 
section;  and 

(B)  For  employees  who  are  subject  to 
medical  surveillance  under  paragraph 

(i)(l)(i)(B)  of  this  section  because  of 
prior  but  not  current  exposure,  the 
employer  shall  provide  biological 
monitoring  for  CdU,  Bi-M,  and  CdB 


within  one  year  after  the  initial 
biological  monitoring  and  then  the 
employer  shall  comply  with  the 
requirements  of  paragraph  (l)(4)(vi)  of 
this  section. 

(ii)  For  all  employees  who  are  subject 
to  medical  surveillance  under  paragraph 
(l)(l)(i)  of  this  section,  if  the  results  of 
the  initial  biological  monitoring  tests 
show  the  level  of  CdU  to  exceed  3  pg/g 
Cr,  the  level  of  /fc-M  to  be  in  excess  of 
300  pg/g  Cr,  or  the  level  of  CdB  to  be  in 
excess  of  5  pg/lwb,  the  employer  shall: 

(A)  Within  two  weeks  after  receipt  of 
biological  monitoring  results,  reassess 
the  employee’s  occupational  exposure  to 
cadmium  as  follows: 

(1)  Reassess  the  employee’s  work 
practices  and  personal  hygiene; 

(2)  Reevaluate  the  employee's 
respirator  use,  if  any,  and  the  respirator 
program; 

(3)  Review  the  hygiene  facilities; 

(4)  Reevaluate  the  maintenance  and 
effectiveness  of  the  relevant  engineering 
controls; 

(5)  Assess  the  employee’s  smoking 
history  and  status; 

(B)  Within  30  days  after  the  exposure 
reassessment,  specified  in  paragraph 
(l)(3)(ii)(A)  of  this  section,  take 
reasonable  steps  to  correct  any 
deficiencies  found  in  the  reassessment 
that  may  be  responsible  for  the 
employee’s  excess  exposure  to 
cadmium;  and, 

(C)  Within  90  days  after  receipt  of 
biological  monitoring  results,  provide  a 
full  medical  examination  to  the 
employee  in  accordance  with  the 
requirements  of  paragraph  (l)(4)(ii)  of 
this  section.  After  completing  the 
medical  examination,  the  examining 
physician  shall  determine  in  a  written 
medical  opinion  whether  to  medically 
remove  the  employee.  If  the  physician 
determines  that  medical  removal  is  not 
necessary,  then  until  the  employee’s 
CdU  level  falls  to  or  below  3  pg/g  Cr. 
/J2-M  level  falls  to  or  below  300  pg/g  Cr 
and  CdB  level  falls  to  or  below  5  pg/ 
lwb,  the  employer  shall: 

(7)  Provide  biological  monitoring  in 
accordance  with  paragraph  (l)(2)(ii)(B) 
of  this  section  on  a  semiannual  basis: 
and 

(2)  Provide  annual  medical 
examinations  in  accordance  with 
paragraph  (l)(4)(ii)  of  this  section. 

(iii)  For  all  employees  who  are  subject 
to  medical  surveillance  under  paragraph 
(l)(l)(i)  of  this  section,  if  the  results  of 
the  initial  biological  monitoring  tests 
show  the  level  of  CdU  to  be  in  excess  of 
15  pg/g  Cr,  or  the  level  of  CdB  to  be  in 
excess  of  15  pg/lwb,  or  the  level  of  /J2-M 
to  be  in  excess  of  1,500  pg/g  Cr,  the 
employer  shall  comply  with  the 
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requirements  of  paragraphs  (l)(3)(ii)(A}~ 

(B)  of  this  section.  Within  90  days  after 
receipt  of  biological  monitoring  results, 
the  employer  shall  provide  a  full 
medical  examination  to  the  employee  in 
accordance  with  the  requirements  of 
paragraph  (l)(4)(ii)  of  this  section.  After 
completing  the  medical  examination,  the 
examining  physician  shall  determine  in 
a  written  medical  opinion  whether  to 
medically  remove  the  employee. 
However,  if  the  initial  biological 
monitoring  results  and  the  biological 
monitoring  results  obtained  during  the 
medical  examination  both  show  that: 
CdU  exceeds  15  pg/g  Cr,  or  CdB 
exceeds  15  pg/lwb;  or  /3j-M  exceeds 
1500  pg/g  Cr,  and  in  addition  CdU 
exceeds  3  pg/g  Cr  or  CdB  exceeds  5  pg/ 
liter  of  whole  blood,  then  the  physician 
shall  medically  remove  the  employee 
from  exposure  to  cadmium  at  or  above 
the  action  level.  If  the  second  set  of 
biological  monitoring  results  obtained 
during  the  medical  examination  does  not 
show  that  a  mandatory  removal  trigger 
level  has  been  exceeded,  then  the 
employee  is  not  required  to  be  removed 
by  the  mandatory  provisions  of  this 
paragraph.  If  the  employee  is  not 
required  to  be  removed  by  the 
mandatory  provisions  of  this  paragraph 
or  by  the  physician’s  determination, 
then  until  the  employee's  CdU  level  falls 
to  or  below  3  pg/g  Cr,  /32-M  level  falls  to 
or  below  300  pg/g  Cr  and  CdB  level  falls 
to  or  below  5  pg/lwb,  the  employer 
shall: 

(A)  Periodically  reassess  the 
employee's  occupational  exposure  to 
cadmium; 

(B)  Provide  biological  monitoring  in 
accordance  with  paragraph  (l)(2)(ii)(B) 
of  this  section  on  a  quarterly  basis;  and 

(C)  Provide  semiannual  medical 
examinations  in  accordance  with 
paragraph  (l)(4)(ii)  of  this  section. 

(iv)  For  all  employees  to  whom 
medical  surveillance  is  provided, 
beginning  on  January  1, 1999,  and  in  lieu 
of  paragraph  (l)(3)(iii)  of  this  section, 
whenever  the  results  of  initial  biological 
monitoring  tests  show  the  employee's 
CdU  level  to  be  in  excess  of  7  pg/g  Cr, 
or  /fc-M  level  to  be  in  excess  of  750  pg/g 
Cr,  or  CdB  level  to  be  in  excess  of  10 
pg/lwb,  the  employer  shall  comply  with 
the  requirements  of  paragraphs 
(l)(3)(ii)(A)-{B)  of  this  section.  Within  90 
days  after  receipt  of  biological 
monitoring  results,  the  employer  shall 
provide  a  full  medical  examination  to 
the  employee  in  accordance  with  the 
requirements  of  paragraph  (l)(4)(ii)  of 
this  section.  After  completing  the 
medical  examination,  the  examining 
physician  shall  determine  in  a  written 
medical  opinion  whether  to  medically 
remove  the  employee.  However,  if  the 


initial  biological  monitoring  results  and 
the  biological  monitoring  results 
obtained  during  the  medical 
examination  both  show  that:  CdU 
exceeds  7  pg/g  Cr;  or  CdB  exceeds  10 
pg/lwb;  or  fit-M  exceeds  750  pg/g  Cr, 
and  in  addition  CdU  exceeds  3  pg/g  Cr 
or  CdB  exceeds  5  pg/liter  of  whole 
blood,  then  the  physician  shall 
medically  remove  the  employee  from 
exposure  to  cadmium  at  or  above  the 
action  level.  If  the  second  set  of 
biological  monitoring  results  obtained 
during  the  medical  examination  does  not 
show  that  a  mandatory  removal  trigger 
level  has  been  exceeded,  then  the 
employee  is  not  required  to  be  removed 
by  the  mandatory  provisions  of  this 
paragraph.  If  the  employee  is  not 
required  to  be  removed  by  the 
mandatory  provisions  of  this  paragraph 
or  by  the  physician's  determination, 
then  until  the  employee’s  CdU  level  falls 
to  or  below  3  pg/g  Cr,  fc-M  level  falls  to 
or  below  300  pg/g  Cr  and  CdB  level  falls 
to  or  below  5  pg/lwb,  the  employer 
shall: 

(A)  Periodically  reassess  the 
employee's  occupational  exposure  to 
cadmium; 

(B)  Provide  biological  monitoring  in 
accordance  with  paragraph  (l)(2)(ii)(B) 
of  this  section  on  a  quarterly  basis;  and 

(C)  Provide  semiannual  medical 
examinations  in  accordance  with 
paragraph  (l)(4)(ii)  of  this  section. 

(4)  Periodic  medical  surveillance,  (i) 
For  each  employee  who  is  covered  by 
medical  surveillance  under  paragraph 
(l)(l)(i)(A.)  of  this  section  because  of 
current  or  anticipated  exposure  to 
cadmium,  the  employer  shall  provide  at 
least  the  minimum  level  of  periodic 
medical  surveillance,  which  consists  of 
periodic  medical  examinations  and 
periodic  biological  monitoring.  A 
periodic  medical  examination  shall  be 
provided  within  one  year  after  the  initial 
examination  required  by  paragraph  (1)(2) 
of  this  section  and  thereafter  at  least 
biennially.  Biological  sampling  shall  be 
provided  at  least  annually  either  as  part 
of  a  periodic  medical  examination  or 
separately  as  periodic  biological 
monitoring. 

(ii)  The  periodic  medical  examination 
shall  include: 

(A)  A  detailed  medical  and  work 
history,  or  update  thereof,  with 
emphasis  on:  Past,  present  and 
anticipated  future  exposure  to  cadmium; 
smoking  history  and  current  status; 
reproductive  history;  current  use  of 
medications  with  potential  nephrotoxic 
side-effects;  any  history  of  renal, 
cardiovascular,  respiratory, 
hematopoietic,  and/or  musculo-skeletal 
system  dysfunction;  and  as  part  of  the 
medical  and  work  history,  for  employees 


who  wear  respirators,  questions  3-11 
and  25-32  in  appendix  D  to  this  section; 

(B)  A  complete  physical  examination 
with  emphasis  on:  blood  pressure,  the 
respiratory  system,  and  the  urinary 
system; 

(C)  A  14  inch  by  17  inch,  or  a 
reasonably  standard  sized  posterior- 
anterior  chest  X-ray  (after  the  initial  X- 
ray,  the  frequency  of  chest  X-rays  is  to 
be  determined  by  the  examining 
physician); 

(D)  Pulmonary  function  tests, 
including  forced  vital  capacity  (FVC) 
and  forced  expiratory  volume  at  1 
second  (FEVl); 

(E)  Biological  monitoring.,  as  required 
in  paragraph  (l)(2)(ii)(B)  of  this  section; 

(F)  Blood  analysis,  in  addition  to  the 
analysis  required  under  paragraph 
(l)(2}(ii)(B)  of  this  section,  including 
blood  urea  nitrogen,  complete  blood 
count,  and  serum  creatinine; 

(G)  Urinalysis,  in  addition  to  the 
analysis  required  under  paragraph 
(l)(2)(ii)(B)  of  this  section,  including  the 
determination  of  albumin,  glucose,  and 
total  and  low  molecular  weight  proteins; 

(H)  For  males  over  40  years  old, 
prostate  palpation,  or  other  at  least  as 
effective  diagnostic  test(s),  and; 

(I)  Any  additional  tests  or  procedures 
deemed  appropriate  by  the  examining 
physician. 

(iii)  Periodic  biological  monitoring 
shall  be  provided  in  accordance  with 
paragraph  (l)(2)(ii)(B)  of  this  section. 

(iv)  If  the  results  of  periodic  biological 
monitoring  or  the  results  of  biological 
monitoring  performed  as  part  of  the 
periodic  medical  examination  show  the 
level  of  the  employee’s  CdU,  or 
CdB  to  be  in  excess  of  the  levels 
specified  in  paragraphs  (l)(3)(iii)  of  this 
section;  or,  beginning  on  January  1, 1999, 
in  excess  of  the  levels  specified  in 
paragraph  (l)(3)(iv).  the  employer  shall 
take  the  appropriate  actions  specified  in 
paragraphs  (l)(3)(iii)— (iv)  of  this  section, 
respectively. 

(v)  For  previously  exposed  employees 
under  paragraph  (l)(l)(i)(B)  of  this 
section: 

(A)  If  the  employee's  levels  of  CdU 
did  not  exceed  3  pg/g  Cr,  CdB  did  not 
exceed  5  pg/lwb,  and  #r-M  did  not 
exceed  300  pg/g  Cr  in  the  initial 
biological  monitoring  tests,  and  if  the 
results  of  the  followup  biological 
monitoring  required  by  paragraph 
(l)(3)(i)(B)  of  ibis  section  within  one  year 
after  the  initial  examination  confirm  the 
previous  results,  the  employer  may 
discontinue  all  periodic  medical 
surveillance  for  that  employee. 

(B)  If  the  initial  biological  monitoring 
results  for  CdU,  CdB,  or  /3a-M  were  in 
excess  of  the  levels  specified  in 
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paragraph  (1)(3)(»)  of  this  section,  but 
subsequent  biological  monitoring  results 
required  by  paragraph  (l){3)(ii)— (iv)  of 
this  section  show  that  the  employee’s 
CdU  levels  no  longer  exceed  3  pg/g  Cr, 
CdB  levels  no  longer  exceed  5  pg/lwb, 
and  /h-M  levels  no  longer  exceed  300 
p.g/g  Cr.  the  employer  shall  provide 
biological  monitoring  for  CdU,  CdB,  and 
/32-M  within  one  year  after  these  most 
recent  biological  monitoring  results.  If 
the  results  of  the  followup  biological 
monitoring  within  one  year,  specified  in 
this  paragraph,  confirm  the  previous 
results,  the  employer  may  discontinue 
all  periodic  medical  surveillance  for  that 
employee. 

(C)  However,  if  the  results  of  the 
follow-up  tests  specified  in  paragraph 
(l)(4Kv)(A)  or  (B)  of  this  section  indicate 
that  the  level  of  the  employee’s  CdU,  ffr- 
M,  or  CdB  exceeds  these  same  levels, 
the  employer  is  required  to  provide 
annual  medical  examinations  in 
accordance  with  the  provisions  of 
paragraph  (lX4)(ii)  of  this  section  until 
the  results  of  biological  monitoring  are 
consistently  below  these  levels  or  the 
examining  physician  determines  in  a 
written  medical  opinion  dial  further 
medical  surveillance  is  not  required  to 
protect  the  employee’s  health. 

(vi)  A  routine,  biennial  medical 
examination  is  not  required  to  be 
provided  in  accordance  with  paragraphs 
(l)(3)(i)  and  (1>(4>  of  this  section  if 
adequate  medical  records  show  that  the 
employee  has  been  examined  in 
accordance  with  the  requirements  of 
paragraph  (lX4)(ii)  of  this  section  within 
the  past  12  months.  In  that  case,  such 
records  shall  be  maintained  by  the 
employer  as  part  of  the  employee's 
medical  record,  and  the  next  routine, 
periodic  medical  examination  shall  be 
made  available  to  the  employee  within 
two  years  of  the  previous  examination. 

(5)  Actions  triggered  by  medical 
examinations,  ft}  If  the  results  of  a 
medical  examination  carried  out  in 
accordance  with  this  section  indicate 
any  laboratory  or  clinical  finding 
consistent  with  cadmium  toxicity  that 
does  not  require  employer  action  under 
paragraphs  (I)(2),  (3)  or  (4)  erf  this 
section,  the  employer  shall  take  the 
following  steps  and  continue  to  take 
them  until  the  physician  determines  that 
they  are  no  longer  necessary. 

(A)  Periodically  reassess:  The 
employee’ 8  work  practices  and  personal 
hygiene;  the  employee’s  respirator  use,  if 
any;  the  employee's  smoking  history  and 
status;  the  respiratory  protection 
program;  the  hygiene  facilities;  the 
maintenance  and  effectiveness  of  the 
relevant  engineering  controls;  and  take 
all  reasonable  steps  to  correct  the 
deficiencies  found  in  the  reassessment 


that  may  be  responsible  for  the 
employee's  excess  exposure  to 
cadmium. 

(B)  Provide  semi-annual  medical 
reexaminations  to  evaluate  the 
abnormal  clinical  sign(s)  of  cadmium 
toxicity  until  the  results  are  normal  or 
the  employee  is  medically  removed;  and 

(C)  Where  the  results  of  tests  for  total 
proteins  in  mine  are  abnormal,  provide 
a  more  detailed  medical  evaluation  of 
the  toxic  effects  of  cadmium  on  the 
employee' 8  renal  system. 

(0)  Examination  for  respirator  use.  (i) 
To  determine  an  employee’s  fitness  for 
respirator  U9e,  the  employer  shall 
provide  a  medical  examination  that 
includes  the  elements  specified  in 
paragraph  |l)(6)(i)(AHD)  of  this  section. 
This  examination  shall  be  provided 
prior  to  the  employee’s  being  assigned 
to  a  job  that  requires  the  use  of  a 
respirator  or  no  later  than  90  days  after 
this  section  goes  into  effect,  whichever 
date  is  later,  to  any  employee  without  a 
medical  examination  within  the 
preceding  12  months  that  satisfies  the 
requirements  of  this  paragraph. 

(A)  A  detailed  medical  and  work 
history,  or  update  thereof,  with 
emphasis  on:  past  exposure  to  cadmium; 
smoking  history  and  current  status;  any 
history  of  renal,  cardiovascular, 
respiratory,  hematopoietic,  and/or 
musculo-skeletal  system  dysfunction;  a 
description  of  the  job  for  which  the 
respirator  is  required;  and  questions  3- 
11  and  25-32  in  appendix  D; 

(B)  A  blood  pressure  test; 

(C)  Biological  monitoring  of  the 
employee's  levels  of  CdU,  CdB  and  0 *- 
M  in  accordance  with  the  requirements 
of  paragraph  (l)f2)(ii)(B)  of  this  section, 
unless  suds  results  already  have  been 
obtained  within  the  twelve  months;  and 

(D)  Any  other  test  or  precedure  that 
the  examining  physician  deems 
appropriate. 

(ii)  After  reviewing  all  the  information 
obtained  from  the  medical  examination 
required  in  paragraph  (l)(6)(i)  of  this 
section,  the  physician  shall  determine 
whether  the  employee  is  fit  to  wear  a 
respirator. 

(in)  Whenever  an  employee  has 
exhibited  difficulty  in  breathing  during  a 
respirator  fit  test  or  during  use  of  a 
respirator,  the  employer,  as  soon  as 
possible,  shall  provide  the  employee 
with  a  periodic  medical  examination  in 
accordance  with  paragraph  (l)(4)(ii)  of 
this  section  to  determine  the  employee’s 
fitness  to  wear  a  respirator. 

(iv)  Where  the  results  of  the 
examination  required  under  paragraph 
(l)(6)(i)  or  (ii)  of  this  section  are 
abnormal  medical  limitation  or 
prohibition  of  respirator  use  shall  be 
considered.  If  the  employee  is  allowed 


to  wear  a  respirator,  the  employee's 
ability  to  continue  to  do  so  shall  be 
periodically  evaluated  by  a  physician. 

(7)  Emergency  Examinations,  (i)  In 
addition  to  the  medical  surveillance 
required  in  paragraphs  (1)(2)— (6)  of  this 
section,  the  employer  shall  provide  a 
medical  examination  as  soon  as 
possible  to  any  employee  who  may  have 
been  acutely  exposed  to  cadmium 
because  of  an  emergency. 

(ii)  The  examination  shall  include  the 
requirements  of  paragraph  (l)(4)(u),  of 
this  section,  with  emphasis  on  the 
respiratory  system,  other  organ  systems 
considered  appropriate  by  the 
examining  physician,  and  symptoms  of 
acute  overexposure,  as  identified  in 
paragraphs  n(B)(l)-(2)  and  IV  of 
appendix  A  of  this  section. 

(0)  Termination  of  employment 
exam/notj'o/j.ft)  At  termination  of 
employment,  the  employer  shall  provide 
a  medical  examination  in  accordance 
with  paragraph  (l)(4)(ii)  of  this  section, 
including  a  chest  X-ray  where 
necessary,  to  any  employee  to  whom  at 
any  prior  time  the  employer  was 
required  to  provide  medical  surveillance 
under  paragraph  UK^KO  nr  (1X7)  of  this 
section.  However,  if  the  last 
examination  satisfied  the  requirements 
of  paragraph  (l)(4Xii)  of  this  section  and 
was  less  than  six  months  prior  to  the 
date  of  termination,  no  further 
examination  is  required  unless 
otherwise  specified  in  paragraph  (1X3)  or 
(1X5)  of  this  section; 

(ii)  In  addition,  if  the  employer  has 
discontinued  all  periodic  medical 
surveillance  under  paragraph  (IX4)(vi)  of 
this  section,  no  termination  of 
employment  medical  examination  is 
required. 

(9)  Information  provided  to  the 
physician.  The  employer  shall  provide 
the  following  information  to  the 
examining  physician: 

(i)  A  copy  of  this  standard  and 
appendices; 

(ii)  A  description  of  the  affected 
employee’s  former,  current,  and 
anticipated  duties  as  they  relate  to  the 
employee’s  occupational  exposure  to 
cadmium; 

(iii)  The  employee's  former,  current, 
and  anticipated  future  levels  of 
occupational  exposure  to  cadmium; 

(iv)  A  description  of  any  personal 
protective  equipment,  including 
respirators,  used  or  to  be  used  by  the 
employee,  including  when  and  for  how 
long  the  employee  has  used  that 
equipment;  and 

(v)  relevant  results  of  previous 
biological  monitoring  ami  medical 
examinations. 
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(10)  Physician 's  written  medical 
opinion,  (i)  The  employer  shall  promptly 
obtain  a  written,  signed  medical  opinion 
from  the  examining  physician  for  each 
medical  examination  performed  on  each 
employee.  This  written  opinion  shall 
contain: 

(A)  The  physician's  diagnosis  for  the 
employee: 

(B)  The  physician’s  opinion  as  to 
whether  the  employee  has  any  detected 
medical  condition^)  that  would  place 
the  employee  at  increased  risk  of 
material  impairment  to  health  from 
further  exposure  to  cadmium,  including 
any  indications  of  potential  cadmium 
toxicity: 

(C)  The  results  of  any  biological  or 
other  testing  or  related  evaluations  that 
directly  assess  the  employee’s 
absorption  of  cadmium: 

(D)  Any  recommended  removal  from, 
or  limitation  on  the  activities  or  duties 
of  the  employee  or  on  the  employee's 
use  of  personal  protective  equipment, 
such  as  respirators; 

(E)  A  statement  that  the  physician  has 
clearly  and  carefully  explained  to  the 
employee  the  results  of  the  medical 
examination,  including  all  biological 
monitoring  results  and  any  medical 
conditions  related  to  cadmium  exposure 
that  require  further  evaluation  or 
treatment  and  any  limitation  on  the 
employee’s  diet  or  use  of  medications. 

(11)  The  employer  shall  promptly 
obtain  a  copy  of  the  results  of  any 
biological  monitoring  provided  by  an 
employer  to  an  employee  independently 
of  a  medical  examination  under 
paragraphs  (1)(2)  and  (1)(4)  of  this 
section,  and,  in  lieu  of  a  written  medical 
opinion,  an  explanation  sheet  explaining 
those  results. 

(iii)  The  employer  shall  instruct  the 
physician  not  to  reveal  orally  or  in  the 
written  medical  opinion  given  to  the 
employer  specific  findings  or  diagnoses 
unrelated  to  occupational  exposure  to 
cadmium. 

(11)  Medical  Removal  Protection 
(MRP),  (i)  General. 

(A)  The  employer  shall  temporarily 
remove  an  employee  from  work  where 
there  is  excess  exposure  to  cadmium  on 
each  occasion  that  medical  removal  is 
required  under  paragraphs  (1)(3),  (1)(4). 
or  (1)(6)  of  this  section  and  on  each 
occasion  that  a  physician  determines  in 
a  written  medical  opinion  that  the 
employee  should  be  removed  from  such 
exposure.  The  physician's  determination 
may  be  based  on  biological  monitoring 
results,  inability  to  wear  a  respirator, 
evidence  of  illness,  other  signs  or 
symptoms  of  cadmium-related 
dysfunction  or  disease,  or  any  other 
reason  deemed  medically  sufficient  by 
the  physician. 


(B)  The  employer  shall  medically 
remove  an  employee  in  accordance  with 
paragraph  (1)(11)  of  this  section 
regardless  of  whether  at  the  time  of 
removal  a  job  is  available  into  which  the 
removed  employee  may  be  transferred. 

(C)  Whenever  an  employee  is 
medically  removed  under  paragraph 
(1)(11)  of  this  section,  the  employer  shall 
transfer  the  removed  employee  to  a  job 
where  the  exposure  to  cadmium  is 
within  the  permissible  levels  specified  in 
that  paragraph  as  soon  as  one  becomes 
available. 

(D)  For  any  employee  who  is 
medically  removed  under  the  provisions 
of  paragraph  (l)(ll)(i)  of  this  section,  the 
employer  shall  provide  follow-up 
medical  examinations  semi-annually 
until,  in  a  WTitten  medical  opinion,  the 
examining  physician  determines  that 
either  the  employee  may  be  returned  to 
his/her  former  job  status  or  the 
employee  must  be  permanently  removed 
from  excess  cadmium  exposure. 

(E)  The  employer  may  not  return  an 
employee  who  has  been  medically 
removed  for  any  reason  to  his/her 
former  job  status  until  a  physician 
determines  in  a  written  medical  opinion 
that  continued  medical  removal  is  no 
longer  necessary  to  protect  the 
employee’s  health. 

(ii)  Where  an  employee  is  found  unfit 
to  wear  a  respirator  under  paragraph 
(l)(6)(ii)  of  this  section,  the  employer 
shall  remove  the  employee  from  work 
where  exposure  to  cadmium  is  above 
the  PEL. 

(iii)  Where  removal  is  based  upon  any 
reason  other  than  the  employee’s 
inability  to  wear  a  respirator,  the 
employer  shall  remove  the  employee 
from  work  where  exposure  to  cadmium 
is  at  or  above  the  action  level. 

(iv)  Except  as  specified  in  paragraph 
(l)(ll)(v)  of  this  section,  no  employee 
who  was  removed  because  his/her  level 
of  CdU,  CdB  and/or  /J*-M  exceeded  the 
trigger  levels  in  paragraph  (1)(3)  or  (1)(4) 
of  this  section  may  be  returned  to  work 
with  exposure  to  cadmium  at  or  above 
the  action  level  until  the  employee’s 
levels  of  CdU  fall  to  or  below  3  pg/g  Cr, 
CdB  fall  to  or  below  5  pg/lwb,  and  /32-M 
fall  to  or  below  300  pg/g  Cr. 

(v)  However,  when  in  the  examining 
physician's  opinion  continued  exposure 
to  cadmium  will  not  pose  an  increased 
risk  to  the  employee’s  health  and  there 
are  special  circumstances  that  make 
continued  medical  removal  an 
inappropriate  remedy,  the  physician 
shall  fully  discuss  these  matters  with  the 
employee,  and  then  in  a  written 
determination  may  return  a  worker  to 
his/her  former  job  status  despite  what 
would  otherwise  be  unacceptably  high 
biological  monitoring  results.  Thereafter 


and  until  such  time  as  the  employee’s 
biological  monitoring  results  have 
decreased  to  levels  where  he/she  could 
have  been  returned  to  his/her  former  job 
status,  the  returned  employee  shall 
continue  medical  surveillance  as  if  he/ 
she  were  still  on  medical  removal.  Until 
such  time,  the  employee  is  no  longer 
subject  to  mandatory  medical  removal. 
Subsequent  questions  regarding  the 
employee’s  medical  removal  shall  be 
decided  solely  by  a  final  medical 
determination. 

(vi)  Where  an  employer,  although  not 
required  by  this  section  to  do  so, 
removes  an  employee  from  exposure  to 
cadmium  or  otherwise  places  limitations 
on  an  employee  due  to  the  effects  of 
cadmium  exposure  on  the  employee’s 
medical  condition,  the  employer  shall 
provide  the  same  medical  removal 
protection  benefits  to  that  employee 
under  paragraph  (1)(12)  of  this  section  as 
would  have  been  provided  had  the 
removal  been  required  under  paragraph 
(1)(11)  of  this  section. 

(12)  Medical  removal  protection 
benefits,  (i)  The  employer  shall  provide 
medical  removal  protection  benefits  to 
an  employee  for  up  to  a  maximum  of  18 
months  each  time,  and  while  the 
employee  is  temporarily  medically 
removed  under  paragraph  (1)(11)  of  this 
section. 

(ii)  For  purposes  of  this  section,  the 
requirement  that  the  employer  provide 
medical  removal  protection  benefits 
means  that  the  employer  shall  maintain 
the  total  normal  earnings,  seniority,  and 
all  other  employee  rights  and  benefits  of 
the  removed  employee,  including  the 
employee’s  right  to  his/her  former  job 
status,  as  if  the  employee  had  not  been 
removed  from  the  employee’s  job  or 
otherwise  medically  limited. 

(iii)  Where,  after  18  months  on 
medical  removal  because  of  elevated 
biological  monitoring  results,  the 
employee’s  monitoring  results  have  not 
declined  to  a  low  enough  level  to  permit 
the  employee  to  be  returned  to  his/her 
former  job  status: 

(A)  The  employer  shall  make 
available  to  the  employee  a  medical 
examination  pursuant  to  this  section  in 
order  to  obtain  a  final  medical 
determination  as  to  whether  the 
employee  may  be  returned  to  his/her 
former  job  status  or  must  be 
permanently  removed  from  excess 
cadmium  exposure:  and 

(B)  The  employer  shall  assure  that  the 
final  medical  determination  indicates 
whether  the  employee  may  be  returned 
to  his/her  former  job  status  and  what 
steps,  if  any,  should  be  taken  to  protect 
the  employee’s  health: 
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(iv)  The  employer  may  condition  the 
provision  of  medical  removal  protection 
benefits  upon  the  employee's 
participation  in  medical  surveillance 
provided  in  accordance  with  this 
section. 

(13)  Multiple  physician  review,  (i)  If 
the  employer  selects  the  initial 
physician  to  conduct  any  medical 
examination  or  consultation  provided  to 
an  employee  under  this  section,  the 
employee  may  designate  a  second 
physician  to: 

(A)  Review  any  findings, 
determinations,  or  recommendations  of 
the  initial  physician;  and 

(B)  Conduct  such  examinations, 
consultations,  and  laboratory  tests  as 
the  second  physician  deems  necessary 
to  facilitate  this  review. 

(ii)  The  employer  shall  promptly  notify 
an  employee  of  the  right  to  seek  a 
second  medical  opinion  after  each 
occasion  that  an  initial  physician 
provided  by  the  employer  conducts  a 
medical  examination  or  consultation 
pursuant  to  this  section.  The  employer 
may  condition  its  participation  in,  and 
payment  for,  multiple  physician  review 
upon  the  employee  doing  the  following 
within  fifteen  (15)  days  after  receipt  of 
this  notice,  or  receipt  of  the  initial 
physician's  written  opinion,  whichever 
is  later: 

(A)  Informing  the  employer  that  he  or 
she  intends  to  seek  a  medical  opinion; 
and 

(B)  Initiating  steps  to  make  an 
appointment  with  a  second  physician. 

(iii)  If  the  findings,  determinations,  or 
recommendations  of  the  second 
physician  differ  from  those  of  the  initial 
physician,  then  the  employer  and  the 
employee  shall  assure  that  efforts  are 
made  for  the  two  physicians  to  resolve 
any  disagreement. 

(iv)  If  the  two  physicians  have  been 
unable  to  quickly  resolve  their 
disagreement,  then  the  employer  and  the 
employee,  through  their  respective 
physicians,  shall  designate  a  third 
physician  to: 

(A)  Review  any  findings, 
determinations,  or  recommendations  of 
the  other  two  physicians;  and 

(B)  Conduct  such  examinations, 
consultations,  laboratory  tests,  and 
discussions  with  the  other  two 
physicians  as  the  third  physician  deems 
necessary  to  resolve  the  disagreement 
among  them. 

(v)  The  employer  shall  act 
consistently  with  the  findings, 
determinations,  and  recommendations 
of  the  third  physician,  unless  the 
employer  and  the  employee  reach  an 
agreement  that  is  consistent  with  the 
recommendations  of  at  least  one  of  the 
other  two  physicians. 


(14)  Alternate  physician 
determination.  The  employer  and  an 
employee  or  designated  employee 
representative  may  agree  upon  the  use 
of  any  alternate  form  of  physician 
determination  in  lieu  of  the  multiple 
physician  review  provided  by  paragraph 

(1)(13)  of  this  section,  so  long  as  the 
alternative  is  expeditious  and  at  least  as 
protective  of  the  employee. 

(15)  Information  the  employer  must 
provide  the  employee,  (i)  The  employer 
shall  provide  a  copy  of  the  physician's 
written  medical  opinion  to  the  examined 
employee  within  five  working  days  after 
receipt  thereof. 

(ii)  The  employer  shall  provide  the 
employee  with  a  copy  of  the  employee's 
biological  monitoring  results  and  an 
explanation  sheet  explaining  the  results 
within  five  working  days  after  receipt 
thereof. 

(Hi)  Within  30  days  after  a  request  by 
an  employee,  the  employer  shall  provide 
the  employee  with  the  information  the 
employer  is  required  to  provide  the 
examining  physician  under  paragraph 
(1)(9)  of  this  section. 

(16)  Reporting.  In  addition  to  other 
medical  events  that  are  required  to  be 
reported  on  the  OSHA  Form  No.  200,  the 
employer  shall  report  any  abnormal 
condition  or  disorder  caused  by 
occupational  exposure  to  cadmium 
associated  with  employment  as 
specified  in  Chapter  (V)(E)  of  the 
Reporting  Guidelines  for  Occupational 
Injuries  and  Illnesses. 

(m)  Communication  of  cadmium 
hazards  to  employees — (1)  General.  In 
communications  concerning  cadmium 
hazards,  employers  shall  comply  with 
the  requirements  of  OSHA’s  Hazard 
Communication  Standard  for  the 
construction  industry,  29  CFR  1926.59, 
including  but  not  limited  to  the 
requirements  concerning  warning  signs 
and  labels,  material  safety  data  sheets 
(MSDS),  and  employee  information  and 
training.  In  addition,  employers  shall 
comply  with  the  following  requirements: 

(2)  Warning  signs,  (i)  Warning  signs 
shall  be  provided  and  displayed  in 
regulated  areas.  In  addition,  warning 
signs  shall  be  posted  at  all  approaches 
to  regulated  areas  so  that  an  employee 
may  read  the  signs  and  take  necessary 
protective  steps  before  entering  the 
area. 

(ii)  Warning  signs  required  by 
paragraph  (m)(2)(i)  of  this  section  shall 
bear  the  following  information: 

Danger,  Cadmium,  Cancer  Hazard,  Can 
Cause  Lung  and  Kidney  Disease,  Authorized 
Personnel  Only,  Respirators  Required  In  This 
Area 

(iii)  The  employer  shall  assure  that 
signs  required  by  this  paragraph  are 


illuminated,  cleaned,  and  maintained  as 
necessary  so  that  the  legend  is  readily 
visible. 

(3)  Warning  labels,  (i)  Shipping  and 
storage  containers  containing  cadmium, 
cadmium  compounds,  or  cadmium 
contaminated  clothing,  equipment, 
waste,  scrap,  or  debris  shall  bear 
appropriate  warning  labels,  as  specified 
in  paragraph  (m)(3)(ii)  of  this  section. 

(ii)  The  warning  labels  shall  shall 
include  at  least  the  following 
information: 

Danger,  Con  tarns  Cadmium,  Cancer  Hazard, 
Avoid  Creating  Dust,  Can  Cause  Lung  and 
Kidney  Disease 

(iii)  Where  feasible,  installed 
cadmium  products  shall  have  a  visible 
label  or  other  indication  that  cadmium  is 
present. 

(4)  Employee  information  and 
training,  (i)  The  employer  shall  institute 
a  training  program  for  all  employees 
who  are  potentially  exposed  to 
cadmium,  assure  employee  participation 
in  the  program,  and  maintain  a  record  of 
the  contents  of  such  program. 

(ii)  Training  shall  be  provided  prior  to 
or  at  the  time  of  initial  assignment  to  a 
job  involving  potential  exposure  to 
cadmium  and  at  least  annually 
thereafter. 

(iii)  The  employer  shall  make  the 
training  program  understandable  to  the 
employee  and  shall  assure  that  each 
employee  is  informed  of  the  following: 

(A)  The  health  hazards  associated 
with  cadmium  exposure,  with  special 
attention  to  the  information 
incorporated  in  appendix  A  to  this 
section; 

(B)  The  quantity,  location,  manner  of 
use,  release,  and  storage  of  cadmium  in 
the  workplace  and  the  specific  nature  of 
operations  that  could  result  in  exposure 
to  cadmium,  especially  exposures  above 
the  PEL; 

(C)  The  engineering  controls  and  work 
practices  associated  with  the 
employee's  job  assignment; 

(D)  The  measures  employees  can  take 
to  protect  themselves  from  exposure  to 
cadmium,  including  modification  of  such 
habits  as  smoking  and  personal  hygiene, 
and  specific  procedures  the  employer 
has  implemented  to  protect  employees 
from  exposure  to  cadmium  such  as 
appropriate  work  practices,  emergency 
procedures,  and  the  provision  of 
personal  protective  equipment; 

(E)  The  purpose,  proper  selection, 
fitting,  proper  use,  and  limitations  of 
respirators  and  protective  clothing; 

(F)  The  purpose  and  a  description  of 
the  medical  surveillance  program 
required  by  paragraph  (I)  of  this  section; 
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(G)  The  contents  of  this  section  and 
its  appendices,  and, 

(H)  The  employee's  rights  of  access  to 
records  under  §  1910.20(g)(1)  and  (2). 

(iv)  Additional  access  to  information 
and  training  program  and  materials. 

(A)  The  employer  shall  make  a  copy 
of  this  section  and  its  appendices 
readily  available  to  all  affected 
employees  and  shall  provide  a  copy 
without  cost  if  requested. 

(B)  Upon  request,  the  employer  shall 
provide  to  the  Assistant  Secretary  or  the 
Director  all  materials  relating  to  die 
employee  information  and  the  training 
program. 

(5)  Multi-employer  workplace.  In  a 
multi-employer  workplace,  an  employer 
who  produces,  uses,  or  stores  cadmium 
in  a  manner  that  may  expose  employees 
of  other  employers  to  cadmium  shall 
notify  those  employers  of  the  potential 
hazard  in  accordance  with  paragraph  (e) 
of  the  hazard  communication  standard 
for  construction,  29  CFR  1926.59. 

(n)  Recordkeeping — (1)  Exposure 
monitoring,  (i)  The  employer  shall 
establish  and  keep  an  accurate  record  of 
all  air  monitoring  for  cadmium  in  the 
workplace. 

(ii)  This  record  shall  include  at  least 
the  following  information: 

(A)  The  monitoring  date,  shift 
duration,  air  volume,  and  results  in 
terms  of  an  8-hour  TWA  of  each  sample 
taken,  and  if  cadmium  is  not  detected, 
the  detection  level: 

(B)  The  name,  social  security  number, 
and  job  classification  of  all  employees 
monitored  and  of  all  other  employees 
whose  exposures  the  monitoring  result 
is  intended  to  represent,  including, 
where  applicable,  a  description  of  how 
it  was  determined  that  the  employee’s 
monitoring  result  could  be  taken  to 
represent  other  employee’s  exposures: 

(C)  A  description  of  the  sampling  and 
analytical  methods  used  and  evidence 
of  their  accuracy: 

(D)  The  type  of  respiratory  protective 
device,  if  any,  worn  by  the  monitored 
employee  and  by  any  other  employee 
whose  exposure  the  monitoring  result  is 
intended  to  represent; 

(E)  A  notation  of  any  other  conditions 
that  might  have  affected  the  monitoring 
results. 

(F)  Any  exposure  monitoring  or 
objective  data  that  were  used  and  the 
levels. 

(iii)  The  employer  shall  maintain  this 
record  for  at  least  thirty  (30)  years,  in 
accordance  with  29  CFR  1910.20. 

(iv)  The  employer  shall  also  provide  a 
copy  of  the  results  of  an  employee's  air 
monitoring  prescribed  in  paragraph  (d) 
of  this  section  to  an  industry  trade 
association  and  to  the  employee's  union, 
if  any,  or,  if  either  of  such  associations 


or  unions  do  not  exist,  to  another 
comparable  organization  that  is 
competent  to  maintain  such  records  and 
is  reasonably  accessible  to  employers 
and  employees  in  the  industry. 

(2)  Objective  data  for  exemption  from 
requirement  for  initial  monitoring,  (i) 

For  purposes  of  this  section,  objective 
data  are  information  demonstrating  that 
a  particular  product  or  material 
containing  cadmium  or  a  specific 
process,  operation,  or  activity  involving 
cadmium  cannot  release  dust  or  fumes 
in  concentrations  at  or  above  the  action 
level  even  under  the  worst-case  release 
conditions.  Objective  data  can  be 
obtained  from  an  industry-wide  study  or 
from  laboratory  product  test  results  from 
manufacturers  of  cadmium-containing 
products  or  materials.  The  data  the 
employer  uses  from  an  industry-  wide 
survey  must  be  obtained  under 
workplace  conditions  closely  resembling 
the  processes,  types  of  material  control 
methods,  work  practices  and 
environmental  conditions  in  the 
employer’s  current  operations. 

(ii)  The  employer  shall  maintain  the 
record  for  at  least  30  years  of  the 
objective  data  relied  upon. 

(3)  Medical  surveillance,  (i)  The 
employer  shall  establish  and  maintain 
an  accurate  record  for  each  employee 
covered  by  medical  surveillance  under 
paragraph  (l)(l)(i)  of  this  section. 

(ii)  The  record  shall  include  at  least 
the  following  information  about  the 
employee: 

(A)  Name,  social  security  number,  and 
description  of  duties; 

(B)  A  copy  of  the  physician’s  written 
opinions  and  of  the  explanation  sheets 
for  biological  monitoring  results; 

(C)  A  copy  of  the  medical  history,  and 
the  results  of  any  physical  examination 
and  all  test  results  that  are  required  to 
be  provided  by  this  section,  including 
biological  tests.  X-rays,  pulmonary 
function  tests,  etc.,  or  that  have  been 
obtained  to  further  evaluate  any 
condition  that  might  be  related  to 
cadmium  exposure; 

(D)  The  employee’s  medical  symptoms 
that  might  be  related  to  exposure  to 
cadmium;  and 

(E)  A  copy  of  the  information 
provided  to  the  physician  as  required  by 
paragraph  (1)(9)  of  this  section. 

(iii)  The  employer  shall  assure  that 
this  record  is  maintained  for  the 
duration  of  employment  plus  thirty  (30) 
years,  in  accordance  with  29  CFR 
1910.20. 

(iv)  At  the  employee's  request,  the 

employer  shall  promptly  provide  a  copy 
of  the  employee’s  medical  record,  or 
update  as  appropriate,  to  a  medical 
doctor  or  a  union  specified  by  the 
employee.  .  -  • 


(4)  Training.  The  employer  shall 
certify  that  employees  have  been 
trained  by  preparing  a  certification 
record  which  includes  the  identity  of  the 
person  trained,  the  signature  of  the 
employer  or  the  person  who  conducted 
the  training,  and  the  date  the  training 
was  completed.  The  certification  records 
shall  be  prepared  at  the  completion  of 
training  and  shall  be  maintained  on  file 
for  one  (1)  year  beyond  the  date  of 
training  of  that  employee. 

(5)  Availability,  (i)  Except  as 
otherwise  provided  for  in  this  section, 
access  to  all  records  required  to  be 
maintained  by  paragraphs  (n)(l)— (4)  of 
this  section  shall  be  in  accordance  with 
the  provisions  of  29  CFR  1910.20. 

(ii)  Within  15  days  after  a  request,  the 
employer  shall  make  an  employee's 
medical  records  required  to  be  kept  by 
paragraph  (n)(3)  of  this  section  available 
for  examination  and  copying  to  the 
subject  employee,  to  designated 
representatives,  to  anyone  having  the 
specific  written  consent  of  the  subject 
employee,  and  after  the  employee's  * 
death  or  incapacitation,  to  the 
employee's  family  members. 

(6)  Transfer  of  records.  Whenever  an 
employer  ceases  to  do  business  and 
there  is  no  successor  employer  or 
designated  organization  to  receive  and 
retain  records  for  the  prescribed  period, 
the  employer  shall  comply  with  the 
requirements  concerning  transfer  of 
records  set  forth  in  29  CFR  1910.20  (h). 

(o)  Observation  of  monitoring. — (1) 
Employee  observation.  The  employer 
shall  provide  affected  employees  or 
their  designated  representatives  an 
opportunity  to  observe  any  monitoring 
of  employee  exposure  to  cadmium. 

(2)  Observation  procedures.  When 
observation  of  monitoring  requires  entry 
into  an  area  where  the  use  of  protective 
clothing  or  equipment  is  required,  the 
employer  shall  provide  the  observer 
with  that  clothing  and  equipment  and 
shall  assure  that  the  observer  uses  such 
clothing  and  equipment  and  complies 
with  all  other  applicable  safety  and 
health  procedures. 

(p)  Dates. — (1)  Effective  date.  This 
section  shall  become  effective  on 
December  14, 1992. 

(2)  Start-up  dates.  All  obligations  of 
this  section  commence  on  the  effective 
date  except  as  follows: 

(i)  Exposure  monitoring.  Except  for 
small  businesses  (nineteen  (19)  or  fewer 
employees),  initial  monitoring  required 
by  paragraph  (d)(2)  of  this  section  shall 
be  completed  as  soon  as  possible  and  in 
any  event  no  later  than  60  days  after  the 
effective  date  of  this  standard.  For  small 
businesses,  initial  monitoring  required 
by  paragraph  (d)(2)  of  this  section  shall 
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be  completed  as  soon  as  possible  and  in 
any  event  no  later  than  120  days  after 
the  effective  date  of  this  standard. 

(ii)  The  permissible  exposure  limit 
(PEL).  Except  for  small  businesses,  as 
defined  under  paragraph  (p)(2)(i)  of  this 
section,  the  employer  shall  comply  with 
the  PEL  established  by  paragraph  (c)  of 
this  section  as  soon  as  possible  and  in 
any  event  no  later  than  90  days  after  the 
effective  date  of  this  section.  For  small 
businesses,  the  employer  shall  comply 
with  the  PEL  established  by  paragraph 
(c)  of  this  section  as  soon  as  possible 
and  in  any  event  no  later  than  150  days 
after  the  effective  date  of  this  section. 

(iii)  Regulated  areas.  Except  for  small 
businesses,  as  defined  under  paragraph 
(p)(2)(i)  of  this  section,  regulated  areas 
required  to  be  established  by  paragraph 
(e)  of  this  section  shall  be  set  up  as  soon 
as  possible  after  the  results  of  exposure 
monitoring  are  known  and  in  any  event 
no  later  than  90  days  after  the  effective 
date  of  this  section.  For  small 
businesses,  regulated  areas  required  to 
be  established  by  paragraph  (e)  of  this 
section  shall  be  set  up  as  soon  as 
possible  after  the  results  of  exposure 
monitoring  are  known  and  in  any  event 
no  later  than  150  days  after  the  effective 
date  of  this  section. 

(iv)  Respiratory  protection.  Except  for 
small  businesses,  as  defined  under 
paragraph  (p)(2)(i)  of  this  section, 
respiratory  protection  required  by 
paragraph  (g)  of  this  section  shall  be 
provided  as  soon  as  possible  and  in  any 
event  no  later  than  90  days  after  the 
effective  date  of  this  section.  For  small 
businesses,  respiratory  protection 
required  by  paragraph  (g)  of  this  section 
shall  be  provided  as  soon  as  possible 
and  in  any  event  no  later  than  150  days 
after  the  effective  date  of  this  section. 

(v)  Compliance  program.  Except  for 
small  businesses,  as  defined  under 
paragraph  (p)(2)(i)  of  this  section, 


written  compliance  programs  required 
by  paragraph  (f)(2)  of  this  section  shall 
be  completed  and  available  as  soon  as 
possible  and  in  any  event  no  later  than 
90  days  after  the  effective  date  of  this 
section.  For  small  businesses,  written 
compliance  programs  required  by 
paragraph  (f)(2)  of  this  section  shall  be 
completed  and  available  as  soon  as 
possible  and  in  any  event  no  later  than 
180  days  after  the  effective  date  of  this 
section. 

(vi)  Methods  of  compliance.  Except 
for  small  businesses,  as  defined  under 
paragraph  (p)(2)(i)  of  this  section,  the 
engineering  controls  required  by 
paragraph  (f)(1)  of  this  section  shall  be 
implemented  as  soon  as  possible  and  in 
any  event  no  later  than  120  days  after 
the  effective  date  of  this  section.  For 
small  businesses,  the  engineering 
controls  required  by  paragraph  (f)(1)  of 
this  section  shall  be  implemented  as 
soon  as  possible  and  in  any  event  no 
later  than  240  days  after  the  effective 
date  of  this  section.  Work  practice 
controls  shall  be  implemented  as  soon 
as  possible.  Work  practice  controls  that 
are  directly  related  to  engineering 
controls  to  be  implemented  shall  be 
implemented  as  soon  as  possible  after 
such  engineering  controls  are 
implemented. 

(vii)  Hygiene  and  lunchroom 
facilities.  Except  for  small  businesses, 
as  defined  under  paragraph  (p)(2)(i)  of 
this  section,  handwashing  facilities, 
showers,  change  rooms  and  eating 
facilities  required  by  paragraph  (j)  of 
this  section,  whether  permanent  or 
temporary,  shall  be  provided  as  soon  as 
possible  and  in  any  event  no  later  than 
60  days  after  the  effective  date  of  this 
section.  For  small  businesses, 
handwashing  facilities,  showers,  change 
rooms  and  eating  facilities  required  by 
paragraph  (j)  of  this  section,  whether 
permanent  or  temporary,  shall  be 


provided  as  soon  as  possible  and  in  any 
event  no  later  than  120  days  after  the 
effective  date  of  this  section. 

(viii)  Employee  information  and 
training.  Except  for  small  businesses,  as 
defined  under  paragraph  (p)(2)(i)  of  this 
section,  employee  information  and 
training  required  by  paragraph  (m)(4)  of 
this  section  shall  be  provided  as  soon  as 
possible  and  in  any  event  no  later  than 
90  days  after  the  effective  date  of  this 
standard.  For  small  businesses, 
employee  information  and  training 
required  by  paragraph  (m)(4)  of  this 
section  shall  be  provided  as  soon  as 
possible  and  in  any  event  no  later  than 
180  days  after  the  effective  date  of  this 
standard. 

(ix)  Medical  surveillance.  Except  for 
small  businesses,  as  defined  under 
paragraph  (p)(2)(i)  of  this  section,  initial 
medical  examinations  required  by 
paragraph  (1)  of  this  section  shall  be 
provided  as  soon  as  possible  and  in  any 
event  no  later  than  90  days  after  the 
effective  date  of  this  standard.  For  small 
businesses,  initial  medical  examinations 
required  by  paragraph  (1)  of  this  section 
shall  be  provided  as  soon  as  possible 
and  in  any  event  no  later  than  180  days 
after  the  effective  date  of  this  standard. 

(q)  Appendices.  (1)  Appendix  C  to  this 
section  is  incorporated  as  part  of  this 
section,  and  compliance  with  its 
contents  is  mandatory. 

(2)  Except  where  portions  of 
appendices  A,  B,  D,  E,  and  F  to  this 
section  are  expressly  incorporated  in 
requirements  of  this  section,  these 
appendices  are  purely  informational  snd 
are  not  intended  to  create  any 
additional  obligations  not  otherwise 
imposed  or  to  detract  from  any  existing 
obligations. 
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DEPARTMENT  OF  TRANSPORTATION 

Research  and  Special  Programs 
Administration 

49  CFR  Parts  174  and  177 

[Docket  No.  HM-212;  Notice  No.  92-91 

RIN  2137-AC24 

Tank  Cars  and  Cargo  Tank  Motor 
Vehicles:  Attendance  Requirements 

agency:  Research  and  Special  Programs 
Administration  (RSPA).  DOT. 
action:  Notice  of  proposed  rulemaking. 

summary:  RSPA  is  proposing  to  amend 
the  Hazardous  Materials  Regulations  to 
allow  the  use  of  signalling  systems 
(sensors,  alarms,  electronic  surveillance 
equipment,  e.g.,  television  monitors  and 
video  cameras)  to  satisfy  the  attendance 
requirements  for  unloading  tank  cars 
and  for  loading  cargo  tank  motor 
vehicles.  In  addition,  RSPA  is  proposing 
to  completely  revise  the  tank  car 
unloading  requirements  in  its 
regulations  to  remove  obsolete  and 
unnecessary  provisions  and  to  allow  , 
tank  cars  containing  hazardous 
materials  to  remain  standing  with 
unloading  connections  attached  when 
no  product  is  being  transferred.  The 
intended  effect  of  this  action  is  to 
improve  the  regulations  for  clarity  and 
to  recognize  recent  technological 
innovations  and  to  improve  safety 
during  the  loading/unloading  of  bulk 
quantities  of  hazardous  materials. 
DATES:  Comments  must  be  received  by 
December  14. 1992. 

ADDRESSES:  Address  comments  to  the 
Dockets  Unit  (DHM-30),  Research  and 
Special  Programs  Administration,  U.S. 
Department  of  Transportation, 
Washington,  DC  20590-0001.  Comments 
should  identify  the  docket  and  notice 
number  and  be  submitted  in  five  copies. 
Persons  wishing  to  receive  confirmation 
of  receipt  of  their  comments  should 
include  a  self-addressed  stamped  post 
card.  The  Dockets  Unit  is  located  in 
room  8421  of  the  Nassif  Building,  400 
Seventh  Street  SW.,  Washington,  DC. 
Public  dockets  may  be  reviewed 
between  the  hours  of  8:30  a.m.  and  5 
p.m.,  Monday  through  Friday. 

FOR  FURTHER  INFORMATION  CONTACT: 
Diane  LaValle  or  Jennifer  Karim,  (202) 
366-4488,  Office  of  Hazardous  Materials 
Standards,  Research  and  Special 
Programs  Administration.  U.S. 
Department  of  Transportation. 
Washington,  DC  20590-0001. 
SUPPLEMENTARY  INFORMATION:  On 
January’  28, 1992,  President  Bush 
announced  a  90-day  moratorium  and 
review  of  regulations  to  identify 


unnecessary  and  burdensome 
government  regulations.  In  response  to 
the  President's  announcement,  DOT 
published,  on  February  7. 1992,  Docket 
RR-1,  Notice  92-1  (57  FR  4744),  soliciting 
public  comments  on  the  DOT’s 
regulatory  programs.  Comments 
addressing  the  HMR  were  requested  to 
be  submitted  to  RSPA’s  Dockets  Unit  In 
response  to  that  notice,  RSPA  received 
over  40  comments.  Many  comments 
addressed  notices  of  proposed 
rulemaking  that  have  not  been  finalized 
and  issues  raised  in  petitions  for 
reconsideration.  Those  comments  will 
be  given  full  consideration  along  with 
all  other  comments  prior  to  taking  final 
action  under  those  dockets.  Comments 
addressing  certain  other  issues  are 
under  review  for  consideration  in  future 
rulemaking  actions. 

In  response  to  RR-1.  The  Fertilizer 
Institute  and  two  other  commenters 
requested  that  RSPA  revise  §§  174.87{i) 
and  177.834(i)  of  the  HMR  to  allow  the 
use  of  signalling  systems  (sensors, 
alarms,  electronic  surveillance 
equipment,  e.g.,  television  monitors  and 
video  cameras)  to  satisfy  the  attendance 
requirements  during  the  unloading  of 
tank  cars  and  the  loading  of  cargo  tank 
motor  vehicles.  Section  174.67  requires 
that  rail  tank  car  unloading  operations 
must  be  performed  by  a  reliable  person 
who  has  been  properly  instructed  in 
unloading  hazardous  materials  and 
attended  by  the  unloader  until  unloading 
is  completed.  Section  177.834  requires 
that  a  cargo  tank  motor  vehicle  be 
attended  by  a  qualified  person  (usually 
the  driver)  at  all  times  while  it  is  being 
loaded  or  unloaded.  The  purpose  of  the 
attendance  requirements  in  §§  174.67 
and  177.834  is  to  ensure  the  safe  loading 
or  unloading  of  hazardous  materials  and 
that,  in  the  event  of  an  emergency,  such 
processes  can  be  quickly  halted.  The 
person  designated  to  perform  the 
attendance  function  must  be  familiar 
with  the  nature  and  properties  of  the 
material  being  loaded  or  unloaded,  be 
instructed  in  the  procedures  to  be 
followed  during  the  loading  or  unloading 
operation,  and  in  the  event  of  an 
emergency,  have  the  ability  to 
immediately  take  emergency  action. 

RSPA  agrees  with  the  commenters 
that  provisions  should  be  included  in  the 
HMR  on  the  use  of  signalling  systems, 
where  safety  conditions  are  met.  RSPA 
previously  has  responded  to  requests  for 
clarification  on  the  use  of  signalling 
systems  to  satisfy  the  attendance 
requirements.  In  addition,  on  February 
26, 1990,  RSPA  published  in  the  Federal 
Register  (55  FR  6758)  a  notice  making 
available  to  the  public  several  formal 
interpretations  of  the  HMR  issued  by 
RSPA’s  Chief  Counsel,  one  of  which  (Int. 


No.  87-4-RSPA)  pertained  to  the 
attendance  requirements  in  §§  174.67(i) 
and  177.834(i).  These  interpretations 
generally  allow: 

Raihoad  Tank  Cars 

The  use  of  a  signalling  system  if:  (1) 
The  equipment  provides  on-site  or  at  a 
remote  location,  surveillance  capability 
of  that  equal  to  a  human  observer;  (2)  in 
the  event  of  an  emergency,  the  system  is 
capable  of  immediately  halting  the  flow 
of  product  or  alerting  the  unloader:  (3)  in 
the  event  of  known  equipment 
malfunction,  human  observation  of  the 
unloading  is  instituted  immediately:  and 
(4)  the  person  responsible  for  unloading 
has  the  capability  to  halt  the  flow  of 
product  immediately. 

Cargo  Tank  Motor  Vehicles 

The  use  of  television  monitors  could 
satisfy  the  attendance  requirements 
with  regard  to  loading  if:  (1)  The 
monitors  are  operable  and  continuously 
manned:  (2)  the  operator  is  within  25 
feet  of  the  loading  operation  with  an 
unobstructed  view:  and  (3)  the  operator 
is  able  to  immediately  stop  the  loading 
operation  from  the  monitoring  location. 

In  some  rail  operations,  the  hazardous 
material  is  unloaded  from  the  tank  car 
directly  into  the  process  system.  In  these 
situations,  the  unloading  process  may 
take  several  days  of  intermittent  or 
continuous  flow  to  unload  the  tank  car. 
Section  174.67(i)  requires  that 
throughout  the  entire  period  of  the 
unloading,  and  while  a  tank  car  is 
connected  to  the  unloading  device,  the 
car  must  be  attended  by  the  unloader. 
Under  §  174.67(j),  a  tank  car  may  not  be 
left  standing  with  the  unloading 
connections  attached  after  unloading  is 
completed.  RSPA  has  issued  about  30 
exemptions  from  the  requirements  in 
§  174.87  to  authorize  tank  cars  to  stand 
with  unloading  connections  attached 
during  intermittent  unloading  when  a 
signalling  system  is  used.  RSPA  also  has 
issued  several  exemptions  to  authorize 
the  use  of  signalling  systems  to  satisfy 
the  attendance  requirements  in  §  177.834 
when  loading  cargo  tank  motor  vehicles. 

In  this  notice,  we  propose  to  amend 
the  requirements  in  §  174.67  pertaining 
to  unloading  of  tank  cars  and 
§  177.834(i)  pertaining  to  the  loading  of 
cargo  tanks  to  allow  the  use  of  signalling 
systems  to  meet  the  attendance 
requirements.  In  addition,  §  174.67 
would  be  revised  to  allow  a  tank  car 
containing  hazardous  materials  to 
remain  standing  with  the  unloading 
connections  attached  when  no  product 
is  being  transferred,  provided  the 
attendance  and  other  safety  conditions 
are  met.  A  detailed  discussion  of  the 


Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14,  1992  /  Proposed  Rules 


42467 


changes  proposed  to  this  section  is 
contained  in  the  section-by-section 
review.  In  $  177.834,  the  requirement 
that  the  attendant  must  be  within  25  feet 
of  the  cargo  tank  motor  vehicle  would 
be  removed  if  the  signalling  system  is 
equipped  with  television  monitors  and 
video  cameras  that  are  operable,  the 
operator  maintains  surveillance  of  the 
monitors  and  is  able  to  immediately  stop 
the  loading  operation  from  the  area 
where  the  monitors  are  located. 

Under  these  proposed  changes,  a 
single  individual,  using  signalling 
systems  with  features  such  as  electronic 
surveillance,  sensors,  alarms,  and 
remote  control  or  automatic  shut-down 
systems,  could  attend  the  loading  of 
multiple  cargo  tanks  or  the  unloading  of 
multiple  tank  cars.  By  reducing  the 
number  of  persons  involved  in  the 
loading  or  unloading  operation,  these 
changes  could  result  in  significant 
savings  to  industry  by  reducing  injuries 
and  allowing  the  more  efficient  use  of 
human  resources.  RSPA  solicits  specific 
information  concerning  the  expected 
benefits  and  cost  savings  that  would  be 
derived  from  finalizing  this  proposed 
rule. 

Section  by  Section  Review 

Section  174 J}7 

Few  changes  have  been  made  to  the 
current  requirements  contained  in  this 
section  since  their  adoption  during  the 
early  1920*8.  These  requirements  contain 
numerous  obsolete  and  unnecessary 
provisions;  therefore,  this  section  would 
be  completely  revised. 

The  current  requirement  in  paragraph 
(a)  prescribes  that  a  tank  car  must  be 
unloaded  by  a  “reliable"  person.  This 
requirement  is  unnecessary  because  all 
hazardous  material  employers  are 
required  to  properly  train  their 
hazardous  materials  employees  in 
accordance  with  49  CFR  part  172, 
subpart  H  (57  FR  20944,  May  15, 1992) 
and,  therefore,  it  would  be  removed.  The 
requirements  that  the  tank  car  brakes 
must  be  set,  the  wheels  blocked,  and  a 
caution  sign  placed  to  give  necessary 
warning  would  be  moved  to  proposed 
§  174.67(c).  The  requirement  to  relieve 
the  tank  internal  pressure  before 
opening  the  manhole  or  outlet  valves 
would  be  moved  to  proposed  §  174.67(e). 
A  new  paragraph  (a)  would  contain 
requirements  that  must  be  met  by  a  rail 
facility  operator.  A  facility  operator 
would  be  defined  as  any  person  who 
engages  in  the  unloading  of  tank  cars 
containing  hazardous  material,  on 
private  tracks  or  carrier-owned  tracks. 

Current  paragraphs  (a)(4)  and  (b) 
contain  detailed  requirements  on  the 
removal  of  manhole  covers.  These 


requirements  for  opening  manhole 
covers  would  be  more  appropriately 
addressed  in  written  safety  procedures 
by  each  facility  operator  and,  therefore, 
would  be  removed.  New  proposed 
paragraph  (b)  would  contain  certain 
requirements  that  must  be  met  by 
facility  operators.  These  requirements 
would  require  facility  operators  to 
designate  an  employee  who  will  be 
responsible  for  the  unloading-function, 
restrict  access  to  tank  cars  intended  for 
unloading,  and  maintain  written  safety 
procedures. 

Current  paragraph  (c)  prescribes 
requirements  for  adjusting  a  manhole 
cover  when  a  tank  car  is  unloaded 
through  the  bottom  outlet.  The 
requirements  specify  that  when 
unloading  hazardous  materials  through 
the  bottom  outlet  of  a  tank  car,  the 
manhole  must  be  blocked  open  with  a 
non-metallic  block.  These  requirements 
are  obsolete  and  inconsistent  with  the 
Environmental  Protection  Agency’s 
regulations  implemented  under  the 
Clean  Air  Act  on  the  release  of 
hazardous  materials  into  the 
environment  and,  therefore,  would  be 
removed.  New  proposed  paragraph  (c) 
would  contain  conditions  that  must  be 
met  prior  to  connecting  unloading 
equipment  to  a  tank  car,  including  safety 
procedures  that  must  be  followed  by  a 
designated  employee. 

Current  paragraph  (d)  contains 
requirements  for  top  unloading  of  tank 
cars.  Historically,  these  requirements 
were  intended  to  prevent  explosions 
and  fires  caused  by  cinders  and  sparks 
coming  from  steam  locomotives  during 
the  unloading  of  flammable  liquids  from 
tank  cars.  These  requirements  are 
obsolete  because  steam  locomotives  are 
no  longer  used  and  because  of 
restrictions  on  the  release  of  hazardous 
materials  into  the  environment. 
Therefore,  they  would  be  removed. 
Proposed  paragraph  (d)  would  contain 
safety  requirements  for  certain  tank  car 
closures. 

Current  paragraph  (e)  requires  that 
the  contents  may  not  be  spilled  over  the 
tank  car  and  that  seals  and  other  matter 
must  not  be  thrown  into  the  tank  car. 
Current  industry  standards  more 
appropriately  address  this  issue  and, 
therefore,  these  provisions  would  be 
removed.  Proposed  paragraph  (e)  would 
contain  a  safety  requirement  on  the 
opening  of  closures  on  tank  cars. 

The  requirement  in  current  paragraph 
(f)  that  the  valve  outlet  in  the  bottom  of 
a  tank  car  must  be  properly  seated 
before  opening  the  valve  cap  would  be 
revised  for  clarity  and  moved  to 
proposed  §  174.67(d).  New  proposed 
paragraph  (f)  would  contain 
requirements  on  shut-off  valves. 


Several  provisions  in  current 
paragraph  (g)  on  the  removal  of  the 
valve  cap  or  the  reducer  are  obsolete 
and  would  be  removed.  The  remaining 
provisions  on  bottom  outlets  would  be 
revised  for  clarity  and  certain  safety 
requirements  for  unloading  tank  cars 
through  bottom  outlets  would  be  added. 

Current  requirements  in  paragraph  (h) 
addressing  the  securing  of  tank  car 
unloading  connections  would  be  revised 
for  clarity  and  moved  to  proposed 
paragraph  (e).  New  proposed  paragraph 
(h)  would  contain  attendance 
requirements  that  are  now  addressed  in 
paragraph  (i).  The  current  provisions 
would  be  broadened  to  address  the  use 
of  signalling  systems  to  satisfy  the 
attendance  requirements  for  unloading 
tank  cars  and  to  allow  tank  cars  to 
remain  attached  to  unloading  equipment 
when  no  product  iB  being  transferred. 
These  requirements  are  consistent  with 
exemptions  authorizing  the  use  of  video 
cameras,  process  control  gauges,  flow 
gauges,  and  monitors  to  observe  the 
unloading  of  tank  cars,  and  authorizing 
tank  cars  to  remain  standing  with 
unloading  connections  attached  when 
no  product  is  being  transferred. 
Requirements  for  tank  car  loading, 
prescribed  in  §  173.31,  do  not  address 
the  attachment  of  loading  connections 
when  no  product  is  being  transferred 
and,  therefore,  are  not  addressed  in  this 
proposed  rule.  The  procedures  in  current 
paragraph  (k)  for  tightening  and  securing 
all  valves  and  closures  on  tank  cars 
after  unloading  has  been  completed 
would  be  moved  to  proposed  paragraph 
(0- 

Paragraph  (j)  requires  all  unloading 
connections  to  be  disconnected  if 
unloading  is  discontinued.  This 
provision  is  unnecessarily  burdensome 
without  a  commensurate  safety  benefit 
and,  therefore,  would  be  removed. 
Proposed  paragraph  (j)  would  require 
the  protective  measures  contained  in 
proposed  §  174.67(b)  to  remain  in  place 
until  the  unloading  equipment  has  been 
removed  and  all  closures  have  been 
tightened. 

Finally,  requirements  pertaining  to  the 
removal  of  railroad  defective  cards  in 
paragraph  (1),  the  covering  of  oil  and 
gasoline  dripped  on  the  ground  with  dry 
sand  or  dirt  in  paragraph  (m),  and 
keeping  tools  used  in  connection  with 
unloading  free  of  oil  and  dirt  in 
paragraph  (n),  are  more  appropriately 
addressed  in  current  industry  standards 
and,  therefore,  would  be  removed. 

Section  177.834 

Paragraphs  (i)(l)  and  (i)(2)  prescribes 
that  a  cargo  tank  must  be  attended  by  a 
qualified  ’‘person"  at  all  times  during 
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loading  and  unloading,  respectively. 
Paragraph  (a)(4)  prescribes  that  a  person 
is  “qualified"  if  he  has  been  made  aware 
of  the  nature  of  the  hazardous  material, 
which  is  to  be  loaded  or  unloaded,  and 
he  has  been  instructed  on  the 
procedures  to  be  followed  in 
emergencies.  As  stated  in  the  preamble 
discussion  to  §  174.67,  these  provisions 
are  redundant  with  the  training 
requirements  contained  in  49  CFR  part 
172,  subpart  H  (57  FR  20944,  May  15, 
1992).  Therefore,  the  word  “qualified" 
appearing  immediately  before  the  word 
“person"  in  paragraphs  (i)(l)  and  (i)(2) 
and  that  portion  of  the  requirements 
referring  to  a  "qualified"  person  in 
paragraph  (i)(4)  would  be  removed.  The 
remaining  requirement  in  paragraph 

(i)(4)  that  the  person  in  attendance  must 
be  authorized  to  move  the  cargo  tank 
and  that  he  has  the  means  to  do  so 
would  be  moved  to  paragraph  (i){3).  The 
provisions  for  loading  cargo  tank  motor 
vehicles,  in  paragraph  (i)(3),  would  be 
expanded  to  permit  the  use  of  signalling 
systems  to  satisfy  the  attendance 
requirements.  These  requirements  are 
consistent  with  exemptions  authorizing 
the  use  of  video  cameras  and  monitors 
to  observe  the  loading  of  cargo  tank 
motor  vehicles.  The  unloading  of  a  cargo 
tank  motor  vehicle  would  still  require 
human  attendance  within  25  feet  of  the 
cargo  tank  to  provide  immediate  action 
if  a  problem  develops  with  regard  to  any 
aspect  of  the  cargo  tank  motor  vehicle  or 
during  the  unloading  process.  RSPA  and 
FHWA  have  no  information  to  indicate 
that  signalling  systems  are  being  used  to 
attend  the  unloading  of  cargo  tanks  that 
are  still  in  transportation.  That  is.  we 
are  not  aware  of  cases  when  the  power 
unit  is  attached  to  the  cargo  tank. 
Therefore,  the  unloading  process  is  not 
included  in  this  proposed  rule.  RSPA 
solicits  information  on  whether  there  is 
a  need  to  provide  for  the  use  of 
signalling  systems  to  satisfy  the 
attendance  requirements  during  the 
unloading  of  cargo  tanks  in 
transportation,  and.  if  needed,  the 
means  employed  for  terminating  the 
unloading  process  in  emergencies. 

Regulatory  Analyses  and  Notices 

A.  Executive  Order  12291  and  DOT 
Regulatory  Policies  and  Procedures 

RSPA  has  determined  that  this 
proposed  rule  is  not  major  under 
Executive  Order  12291  and  is  not 
significant  under  DOT'S  regulatory 
policies  and  procedures  (44  FR  11034; 
February  26, 1979).  A  regulatory 
evaluation  is  available  for  review  in  the 
docket.  RSPA  estimates  the  total  cargo 
tank  motor  vehicle  fleet  to  be  over 
100,000  vehicles.  There  are  an  estimated 


100,000  rail  tank  cars  in  hazardous 
materials  service  and  about  1.2  million 
tank  car  shipments  of  hazardous 
materials  annually. 

B.  Regulatory  Flexibility  Act 

I  certify  that  this  proposal  will  not.  if 
promulgated,  have  a  significant 
economic  impact  on  a  substantial 
number  of  small  entities.  There  are  no 
direct  or  indirect  economic  impacts  for 
small  units  of  government,  businesses, 
or  other  organizations. 

C.  Executive  Order  12612 

This  proposed  action  has  been 
analyzed  in  accordance  with  the 
principles  and  criteria  in  Executive 
Order  12612,  and  based  on  the 
information  available  at  this  time,  RSPA 
does  not  believe  that  the  proposed  rule 
would  have  sufficient  Federalism 
implications  to  warrant  the  preparation 
of  a  Federalism  Assessment. 

The  Hazardous  Materials 
Transportation  Act  contains  an 
expressed  preemption  provision  (49  app. 
U.S.C.  1804(a)(4))  that  preempts  State 
and  local  requirements  on  certain 
covered  subjects  (including  the  handling 
of  hazardous  materials)  unless  the  State 
or  local  requirement  is  “substantively 
the  same”  (56  FR  20424,  May  13, 1992)  as 
the  Federal  requirement  on  that  subject 
Thus,  RSPA  lacks  discretion  in  this  area. 

D.  Paperwork  Reduction  Act 

The  required  w'ritten  procedures  in  the 
proposed  rule  would  not  impose  any 
additional  recordkeeping  requirements 
on  the  affected  rail  facility  operators 
handling  bulk  quantities  of  hazardous 
materials  because  these  facilities  are 
already  required  to  develop  and 
maintain  written  safety  procedures  by 
the  Department  of  Labor’s  Occupational 
Safety  and  Health  Administration 
(OSHA),  29  CFR  parts  1910.119  and 
1910.120.  Emergency  response 
information  as  required  under  subpart  G 
of  part  172  is  approved  under  OMB 
Approval  Number  2137-0580. 

E.  National  Environmental  Policy  Act 

RSPA  has  concluded  that  this 
proposed  rule  would  have  no  significant 
impact  on  the  environment  and  does  not 
require  the  preparation  of  an 
environmental  impact  statement  under 
the  National  Environmental  Policy  Act. 

List  of  Subjects 

49  CFR  Part  174 

Hazardous  materials  transportation. 
Radioactive  materials,  Railroad  safety. 

49  CFR  Part  177 

Hazardous  materials  transportation, 
Motor  carriers.  Radioactive  materials. 


Reporting  and  recordkeeping 
requirements. 

In  consideration  of  the  foregoing, 
parts  174  and  177  of  title  49,  Code  of 
Federal  Regulations,  would  be  amended 
to  read  as  follows; 


1.  The  authority  citation  for  part  174 
would  continue  to  read  as  follows: 

Authority:  49  App.  U.S.C.  1803, 1804, 1808; 

49  CFR  Part  1. 

2.  Section  174.67  would  be  revised  to 
read  as  follows: 

§  174.67  Tank  car  unloading. 

(a)  General  requirements.  For 
purposes  of  this  section,  a  facility 
operator  is  any  person  who  engages  in 
the  unloading  of  tank  cars  containing 
hazardous  material,  on  private  tracks  or 
carrier-owned  tracks.  Each  facility 
operator  shall  comply  with  the 
requirements  contained  in  this  section. 

(b)  Facility  operators'  requirements. 
Each  facility  operator  shall: 

(1)  Designate  one  or  more  employees 
who  will  be  responsible  for  the 
unloading  functions  and  ensure  that 
each  designated  employee  is  familiar 
with  emergency  procedures  and,  in  the 
event  of  an  emergency,  has  the  ability  to 
take  necessary  corrective  actions: 

(2)  Install  a  derail  device  in  an 
effective  location  (at  least  50  feet  when 
possible)  from  the  end  of  the  equipment 
to  be  protected  by  the  caution  sign.  The 
derail  device  must  be  capable  of 
restricting  access  to  the  portion  of  the 
track  within  the  area  on  which  tank  cars 
intended  for  unloading  are  located;  and 

(3)  Maintain  written  safety  procedures 
and  make  them  immediately  available  to 
the  designated  employees  (such  as  the 
Department  of  Labor's  Occupational 
Safety  and  Health  Administration 
requirements  in  29  CFR  1910.119  and 
1910.120).  These  written  procedures 
must,  at  a  minimum,  address  the 
following  safety  issues: 

(i)  Continual  monitoring  of  the  tank 
car  unloading  process; 

(ii)  Use  and  securing  of  protective 
equipment  including  caution  sign,  derail, 
switch  locks,  tank  car  brakes  and  wheel 
blocks; 

(iii)  Operational  procedures  for  the 
safe  unloading  of  the  tank  car; 

(iv)  Emergency  response  procedures 
including  employee  safety  and 
emergency  notification; 

(v)  Movement  of  rail  equipment  in  the 
vicinity  of  the  tank  car  unloading  area; 
and 

(vi)  Preparation  of  the  tank  car  after 
unloading  and  prior  to  offering  for 
transportation. 


PART  174 — CARRIAGE  BY  RAIL 
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(c)  Pre-unload  conditions.  Prior  to 
connecting  unloading  equipment  to  a 
tank  car  or  opening  any  closure  of  a 
tank  car,  except  heating  coil  cap  plugs, 
the  designated  employee  shall: 

(1)  Set  the  brakes  and  block  one 
wheel  on  the  tank  car  to  be  unloaded  to 
prevent  movement  in  any  direction; 

(2)  Align  any  manually-operated 
switch  providing  access  to  the  track  on 
which  the  tank  car  is  located  against 
movement  and  lock  the  switch  with  an 
effective  locking  device  operable  only 
by  the  facility  operator, 

(3)  Lock  the  derail  device,  specified  in 
paragraph  (b)(2)  of  this  section,  in  the 
derailing  position  with  an  effective 
locking  device  operable  only  by  the 
facility  operator,  and 

(4)  Place  caution  signs  on  the  track  or 
tank  cars  to  give  necessary  warning  to 
persons  approaching  the  cars  from  the 
open  end  of  the  track.  The  signs  must  be 
of  metal  or  other  durable  material, 
rectangular,  at  least  30.48  cm.  (12  inches) 
high  by  38.10  cm.  (15  inches)  wide  in 
size,  and  bear  the  words,  "STOP  TANK 
CAR  CONNECTED”  or  “STOP  MEN  AT 
WORK.”  The  word  "STOP”  must  appear 
in  letters  at  least  10.18  cm.  (4  inches) 
high  and  the  ether  words  in  letters  at 
least  5.08  cm.  (2  inches)  high.  The  letters 
must  be  white  on  a  blue  background. 

(d)  Tank  car  closures.  Prior  to  the 
removal  of  a  secondary  closure  on  the 
tank  car,  e.g.,  a  valve  cap  plug,  the 
designated  employee  must  ensure  that 
the  primary  closure  is  secured  properly. 

(e)  Opening  of  closures.  Before  any 
discharge  valves  are  opened  on  tank 
cars,  the  unloading  equipment  must  be 
securely  attached  to  the  tank  car.  When 
unloading  hazardous  material  from  a 
non-pressure  tank  car,  the  designated 
employee  shall  ensure  that  any  internal 
pressure  is  adequately  relieved  prior  to 
opening  the  dome  cover. 

(f)  Shut-off  valves.  The  shut-off  valve 
must  be  located  as  close  as  practicable 
to  the  point  of  connection  between  the 
hose  of  the  facility  and  the  tank  car,  in  a 
manner  that  will  minimize  the  release  of 
product  in  the  event  of  hose  rupture  or 
separation.  The  facility  operator  must 
take  appropriate  steps  to  prevent 
rupture  of  transfer  hoses  due  to  product 
expansion  (e.g.,  the  use  of  liquid 
expansion  chambers  or  hoses  with  an 
increased  minimum  burst  pressure 
rating). 

(g)  Bottom  unloading  requirements. 
When  a  tank  car  is  unloaded  through  the 
bottom  outlet: 

(1)  The  designated  employee  must 
take  appropriate  precautions  to  prevent 
excessive  internal  vacuum  which  may 
cause  the  tank  car  to  collapse.  The  tank 


car’s  vacuum  relief  device  may  not  be 
relied  upon  to  satisfy  this  requirement; 
and 

(2)  A  containment  device  shall  be 
placed  under  the  bottom  outlet  valve  to 
collect  any  product  which  may  be  in  the 
outlet  chamber. 

(h)  Attendance  requirements. 
Throughout  the  entire  period  of 
unloading  and  while  a  tank  car  has 
unloading  equipment  attached,  a 
designated  employee  must  attend  the 
tank  car  and  unloading  process  to 
ensure  safety.  The  attendance 
requirement  may  be  met  by: 

(1)  Physical  on-site  attendance  of  the 
tank  car  by  a  designated  employee  who 
is  awake  and  has  an  unobstructed  view 
of  the  unloading  operation; 

(2)  A  signalling  system  that  includes 
surveillance  equipment  (e.g.,  television 
monitors  and  video  cameras)  and 
remote  shut-off  equipment.  The 
surveillance  equipment  must  be 
monitored  either  in  the  immediate  area 
of  the  tank  car  or  from  a  remote  location 
within  the  facility,  such  as  a  control 
room. 

(i)  The  surveillance  equipment  must 
provide  an  unobstructed  view  of  all 
loading  valves,  hoses,  domes,  and  safety 
relief  devices; 

(ii)  The  signalling  system  must 
provide  immediate  notification  of  a 
system  malfunction  or  other  emergency 
so  that  if  warranted  the  product  flow 
may  be  immediately  halted. 

(iii)  In  the  event  of  any  malfunction  of 
the  signalling  system,  physical 
attendance  is  required  as  specified  in 
paragraph  (h)(1)  of  this  section;  or 

(3)  A  signalling  system  that  includes 
sensors  which  upon  detection  of  any 
system  malfunction  (e.g.,  pressure 
reduction,  leakage,  breakage  of  a  hose 
or  line,  and  detection  of  minute  levels  of 
fumes  or  vapors)  will  immediately  shut 
down  the  unloading  process  or  sound  an 
alarm  to  provide  immediate  notification 
to  the  designated  employee,  or  both.  In 
the  event  of  any  malfunction  of  the 
signalling  system,  physical  attendance  is 
required  as  specified  in  paragraph  (h)(1) 
of  this  section. 

(i)  Post-unloading  requirements.  After 
completion  qf  the  unloading,  the 
designated  employee  must  secure  all 
primary  closures  on  the  tank  car, 
remove  the  unloading  equipment,  and 
secure  all  other  closures  on  the  tank  car. 

(j)  Removal  of  protective  measures. 
The  safety  and  caution  measures 
required  by  paragraph  (c)  of  this  section 
must  remain  in  place  until  all  unloading 
equipment  has  been  removed  from  the 
tank  car  and  all  closures  have  been 
made  tight. 


PART  177— CARRIAGE  BY  PUBLIC 
HIGHWAY 

3.  The  authority  citation  for  part  177 
would  continue  to  read  as  follows: 

Authority:  49  App.  U.3.C.  1803, 1804, 1805, 

49  CFR  Part  1. 

4.  In  §  177.834,  paragraphs  (i)(l)  and 
(i)(2)  would  be  amended  by  removing 
the  word  “qualified”  each  place  it 
appears,  paragraph  (i)(4)  would  be 
removed  and  reserved,  and  paragraph 
(i)(3)  would  be  revised  to  read  as 
follows: 

§  177.834  General  requirements. 

*  *  *  * 

(i)  *  *  * 

(3)  A  person  “attends”  the  loading  or 
unloading  of  a  cargo  lank  if,  throughout 
the  process,  the  person  is  awake  and 
has  an  unobstructed  view  of  the  cargo 
tank,  the  person  is  authorized  to  move 
the  cargo  tank  and  has  the  means  to  do 
so.  The  attendance  requirements  may  be 
met  by: 

(i)  Physical  attendance  by  a 
designated  employee  who  is  within  7.62 
n^eters  (25  feet)  of  the  cargo  tank;  or 

(ii)  For  loading  a  cargo  tank,  a 
signalling  system  that  includes 
surveillance  equipment  (e.g.,  television 
monitors  and  video  cameras)  and 
remote  shut-off  equipment.  The 
surveillance  equipment  must  be 
monitored  either  in  the  immediate  area 
of  the  cargo  tank  or  from  a  remote 
location  within  the  facility,  such  as  a 
control  room. 

(A)  The  surveillance  equipment  must 
provide  an  unobstructed  view  of  all 
loading  valves,  hoses,  manholes,  and 
pressure  relief  devices. 

(B)  The  signalling  system  must  have 
the  capability  to  provide  immediate 
notification  to  the  designated  employee 
of  any  system  malfunction  or  other 
emergency  so  that,  if  warranted,  the 
product  flow  may  be  immediately 
halted. 

(C)  In  the  event  of  any  malfunction  of 
the  signalling  system,  physical 
attendance  is  required  as  specified  in 
subparagraph  (i)(3)(i)  of  this  section. 

(4)  (Reserved) 

***** 

Issued  in  Washington,  DC  on  September  8, 
1992,  under  authority  delegated  in  49  CFR 
part  106,  appendix  A. 

Alan  I.  Roberts, 

Associate  Administrator  for  Hazardous 
Materials  Safety. 

[FR  Doc.  92-22052  Filed  9-11-92;  8:45  am] 
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ENVIRONMENTAL  PROTECTION 
AGENCY 

40  CFR  Parts  156  and  170 

[OPP-300164A;  FRL-4161-9] 

RIN  2070-AA49 

Final  Rule;  Receipt  of  and  Notification 
of  United  States  Department  of 
Agriculture  Comments  on  Agricultural 
Worker  Protection  Standards 

agency:  Environmental  Protection 
Agency  (EPA). 

action:  Final  rule;  receipt  and 
notification  of  USDA  comments. 

summary:  The  United  States 
Department  of  Agriculture  has  requested 
that  EPA  publish  its  March  27, 1992 
comments  on  EPA's  June  1991  final 
regulations  for  the  Worker  Protection 
Standard  for  Agricultural  Pesticides. 
Those  final  rules  and  associated  notices 
for  public  comment  were  published  in 
the  Federal  Register  of  August  21, 1992. 

addresses:  The  docket  has  been  given 
the  document  control  number  OPP- 
300164A  and  is  available  for  public 
inspection  from  8:30  a.m.  to  4  p.m., 
Monday  through  Friday,  excluding  legal 
holidays,  at  the  Office  of  Pesticide 
Program’s  Document  Control  Office,  Rm. 
1132,  CM  #2, 1921  Jefferson  Davis  Hwy., 
Arlington.  VA  22202.  The  docket 
contains  the  final  regulations  published 
in  the  Federal  Register  of  August  21, 

1992,  and  a  copy  of  the  draft  final  rules 
to  which  USDA  responded  and  to  which 
references  are  made  in  this  document  A 
detailed  EPA  response  document  to 
USDA’s  comments  is  also  contained  in 
the  docket 

FOR  FURTHER  INFORMATION  CONTACT!  By 

mail:  James  J.  Boland,  Acting  Chief, 
Occupational  Safety  Brandi  (H75O0C). 
Field  Operations  Division,  Office  of 
Prevention,  Pesticides  and  Toxic 
Substances,  Environmental  Protection 
Agency,  401  M  St,  SW.,  Washington,  DC 
20460.  Office  location  and  telephone 
number  Rm.  1114,  CM  #2, 1921  Jefferson 
Davis  Hwy.,  Arlington,  VA,  (703)  305- 
7666. 

SUPPLEMENTARY  INFORMATION: 

Electronic  Availability:  This  document  is 
available  as  an  electronic  file  on  The 
Federal  Bulletin  Board  the  day  of 
publication  in  the  Federal  Register. 
EPA’s  Agricultural  Worker  Protection 
Standards,  published  as  a  Separate  Part 
III  in  the  Federal  Register  of  August  21, 
1992  (57  FR  38102).  are  currently 
available  on  The  Federal  Bulletin 
Board.  By  modem  dial  202-512-1387  or 
call  202-512-1530  for  disks  or  paper 


copies.  These  files  are  available  in 
Postscript  Workperfect  5.1,  and  ASCII. 

EPA  issued  final  regulations  on  the 
Worker  Protection  Standard  for 
Agricultural  Pesticides  (40  CFR  part  170 
and  subpart  K  of  40  CFR  part  156)  in  the 
Federal  Register  of  August  21, 1992  (57 
FR  38102).  A  summary  of  USDA's 
comments  on  the  June  1991  draft  version 
and  EPA's  responses  to  them  was 
presented  in  the  August  21, 1992  final 
regulations  (see  especially  the  section 
entitled  “Statutory  Review — U.S. 
Department  of  Agriculture").  The  USDA 
has  requested  that  EPA  publish  USDA’s 
comments  in  their  entirety.  Therefore, 
EPA  is  issuing  the  substantive  text  of  a 
letter  from  Daniel  D.  Haley, 
Administrator,  Agricultural  Marketing 
Service,  USDA,  dated  March  27, 1992,  in 
reply  to  EPA’s  June  1991  draft 
regulations  on  agricultural  worker 
protection  standards  as  follows: 

The  United  States  Department  of 
Agriculture  (USDA)  has  reviewed  the 
draft  final  rule  on  the  Worker  Protection 
Standards,  40  CFR  parts  158  and  170,  of 
the  Environmental  Protection  Agency 
(EPA)  and  offers  the  following 
comments  and  suggestions. 

We  commend  EPA  for  its  efforts  to 
establish  standards  for  the  protection  of 
agricultural  workers  and  pesticide 
handlers  from  unreasonable  risk  of 
pesticide  exposure.  USDA  supports 
EPA’s  Congressional  mandate  "to 
protect  the  public  health  and  the 
environment  from  unreasonable 
pesticide  risks  while  permitting  the  use 
of  necessary  pest  control  technologies.” 
However,  we  believe  there  are 
important  issues  in  the  draft  final  rule 
and  its  supporting  documents  which 
need  to  be  addressed.  These  include: 

— Desirable  alternatives  are  available 
for  certain  provisions  which  would 
protect  workers,  but  reduce  the 
compliance  burden  of  agricultural 
employers. 

— There  is  insufficient  information 
provided  for  adequate  analysis  of  the 
costs  and  benefits  of  some  provisions. 

— There  is  no  indication  that  EPA  has 
considered  the  costs  of  this  rule  to 
agricultural  workers. 

— From  a  purely  economic  perspective 
based  on  the  Regulatory  Impact 
Analysis  (RIA),  dated  March  31, 1991, 
the  estimated  pecuniary  costs  and 
anticipated  pecuniary  benefits  of  this 
rule  do  not  appear  to  be  supportable. 
This  analysis  relates  only  to  the 
economic  costs  and  benefits  and  does 
not  take  into  account  social  and 
environmental  costs  and  benefits. 

The  comments  are  arranged  in  the 
following  manner 
I.  Issues- 

A.  Training — General 


B.  Training — Cost  Analysis 

C.  Training — USDA’s  Cooperative  Extension 

Service  (CES) 

D.  Agricultural  Employer  Responsibilities 

E.  Thirty-Day  Listing  of  Pestcides 

F.  Emergency  Assistance 

G.  Decontamination 

H.  Decontamination — Cost  Aanalysis 

I.  Reentry  Restrictions 

J.  Regional  Climate-Based  Reentry  Intervals 

K.  Personal  Protective  Equipment 
L  Cost/Benefit  Analysis 

M.  Cost/Benefit  Analysis — Acute  Poisoning 

N.  Cost/Benefit  Analysis — Chronic  Illnesses 

O.  Conclusion 
IL  Appendix 
III.  Conclusion 

USDA  urges  the  EPA  to  address  the 
concerns  detailed  below.  If  EPA  is 
unable  to  modify  these  deficiencies, 
USDA  requests  that  these  comments, 
including  the  appendix,  be  included  in 
the  publication  of  the  final  rule  in  the 
Federal  Register. 

I.  Issues 

A.  Training — General 

USDA  supports  the  concept  of 
providing  training  to  workers  who  may 
be  exposed  to  potentially  dangerous 
pesticides.  However,  the  manner  in 
which  the  draft  final  rule  requires  such 
training  is  unreasonably  burdensome. 
The  draft  final  rule  requires  training  by 
a  qualified  trainer,  using  specified 
training  materials,  for  each  worker  who 
enters  a  treated  area  on  an  agricultural 
establishment  for  which  a  restricted 
entry  interval  is  in  effect  or  has  expired 
within  the  past  30  days.  EPA  expects 
that  such  training  wifi  often  be 
redundant.  Most  farms  do  not  have  any 
person  who  meets  the  trainer 
qualifications  within  their  work 
complement  and  may  find  it  necessary 
to  hire  outside  trainers. 

In  effect  the  training  provision  will 
require  that  an  employer  provide 
training  at  the  beginning  of  the  season, 
and  then  each  time  an  additional  worker 
or  replacement  worker  is  hired. 
Generally,  outside  trainers  must  be 
hired  each  time  the  training  program  is 
provided.  Given  the  extremely  high 
variability  and  turnover  within  labor 
intensive  agricultural  work  groups  (1,000 
percent  is  not  uncommon),  this 
procedure  is  unreasonably  burdensome 
and  would  frequently  result  in  virtually 
continuous  training  of  small  groups  of 
new  hires  by  each  employer. 

USDA  also  questions  whether  a 
general  requirement  for  training  for  a 
period  of  30  days  after  the  expiration  of 
the  restricted  entry  interval  is 
reasonable.  Herbert  Nigg  and  his 
colleagues  have  noted,  "(djelayed 
fieldworker  reentry  illnesses  have 
clustered  in  the  central  valley  of 
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California.  In  particular,  the  longer  (3  to 
60  days}  acute  reentry  incidents  have 
been  limited  to  California.”1  EPA 
acknowledges  that  "(t]he  risks  from 
pesticide  residues  should  become 
negligible  by  the  expiration  of  the 
restricted-entry  interval.”1  Thus,  a 
reasonable  alternative  would  be  a\ 
requirement  for  training  during  a  30-day 
period  in  arid  areas  only,  and  then  only 
where  the  restricted-entry  interval  is 
established  by  the  generic  reentry 
interval  rather  than  by  longer 
permanent,  interim,  or  State-established 
reentry  intervals  where  any  risk  has 
become  “negligible.” 

Another  more  reasonable  alternative 
would  be  to  require  employers  to 
provide  training  to  previously  untrafhed 
workers  during  periods  of  high 
employment  levels,  but  not  more  than 
twice  per  growing  season.  This  would 
substantially  reduce  costs  by  training 
workers  in  larger  groups  and  thereby 
reducing  the  required  number  of  training 
sessions.  Some  replacement  workers 
would  miss  the  initial  round  of  training, 
but  the  redundancy  of  training  would 
result  in  virtually  universal  training  in  a 
short  period.  This  delay  for  a  relatively 
small  number  of  workers  is  acceptable 
because  these  workers  would  be 
exposed  to  pesticide  residues  only,  and 
then  only  after  the  expiration  of 
restricted-entry  intervals.  EPA 
acknowledges  that  ”[t]he  risks  from 
pesticide  residues  should  become 
negligible  by  the  expiration  of  the 
restricted-entry  interval.”3  Unemployed 
workers,  concerned  that  they  might  not 
be  included  in  the  employer-provided 
training  and  who  desire  training  prior  to 
employment,  would  not  be  denied  the 
opportunity  to  be  trained  because  they 
could  take  advantage  of  the  ancillary 
training  being  developed  by  EPA. 

Further,  the  training  program  should 
include  a  mechanism  to  verify  employee 
training.  As  part  of  this  process,  a  card 
could  be  issued  by  an  EPA  approved 
organization(s)  upon  completion  of  the 
training.  The  card  could  be  presented  by 
the  potential  employee  upon  application 
for  employment. 

USDA  welcomes  the  opportunity  to 
work  with  EPA  to  develop  such  a 
verification  program. 

B.  Training — Cost  Analysis 

EPA  estimates  the  cost  of  training  to 
be  zero,  based  upon  an  assumption  that 
the  Occupational  Safety  and  Health 
Administration  (OSHA)  Hazard 


'Nigg,  H.N.,  Henry,  j.A.,  and  Slamper,  J.H., 
Regional  Behavior  of  Pesticide  Residues  in  the 
United  States.  85  Residue  Review,  page  257  (1983). 
*Draft  final  rule,  page  118. 

IDraft  final  rule,  page  118. 


Communiction  Standard  (HCS)  already 
imposes  this  requirmement.4This 
assumption  is  not  warranted  because 
HCS  does  not  impose  training 
requirements  related  to  pesticides.  The 
U.S.  Court  of  Appeals  for  the  District  of 
Columbia  Circuit  ruled  that  the 
promulgation  of  regulations  by  EPA 
precluded  the  Secretary  of  Labor  from 
issuing  regulations  under  the 
Occupational  Safety  and  Health  Act 
relating  to  farm  workers’  exposure  to 
pesticides.3  Moreover,  the  draft  final 
rule  requires  different  trainer 
qualifications  and  training  materials 
than  those  in  the  HCS.  Thus,  agricultural 
employers  would  experience  significant 
additional  incremental  costs  to  meet 
EPA’s  training  requirement. 

USDA  believes  EPA  should 
recalculate  its  estimated  incremental 
cost  to  take  into  account  that  the 
requirement  for  training  does  not 
duplicate  OSHA  requirements  and  to 
include  the  costs  associated  with  EPA’s 
trainer  qualifications  and  training 
materials  requirements. 

C.  Training — USDA 's  Cooperative 
Extension  Service 

If  EPA  anticipates  that  USDA,  through 
its  Cooperative  Extension  System  (CES), 
will  be  able  to  meet  some  of  the  training 
requirements  of  the  draft  final  rule, 
additional  funding  will  be  required. 

D.  Agricultural  Employer 
Responsibilities 

USDA  agrees  that  the  agricultural 
employer  does  have  a  responsibility  to 
train  workers  on  the  proper  use, 
maintenance,  cleaning  and  storage  of 
personal  protective  equipment  (PPE). 
However,  workers  should  be  held 
responsible  for  their  actions  or  lack  of 
action  after  having  received  training  and 
instructions  from  the  employer.  Sections 
170.112(c)(6),  170.240(e)(1)  and  (2),  and 
170.240(f)  give  the  responsibility  solely 
to  the  agricultural  employer. 

It  has  been  argued  that  in  industry, 
under  OSHA  regulations,  the  employer 
is  ultimately  responsible  for  workers. 
This  is  not  an  acceptable  argument  for 
farmers  as  they  deal  with  a  variety  of 
workers,  many  of  whom  are  never  on 
their  payrolls,  but  work  for  contractors. 
Agriculture  in  most  cases  is  not  confined 
within  a  controlled  or  monitored  area 
like  many  other  industries.  Making 
agricultural  employers  responsible  for 
employees’  own  safety  actions  is 
unrealistic. 


Revised  Regulatory  Impact  Analysis,  page  46-47. 
^Organized  Migrants  in  Community  Action.  Inc., 
et  al,  v.  Brennan,  et  a!.,  520  F.2d  1161  (D.C.  Cir. 
1975). 


E.  Thirty-Day  Listing  of  Pesticides 

USDA  does  not  support  the 
requirement  to  display  for  30  days  after 
the  restricted-entry  interval  has  expired, 
in  a  central  location,  a  listing  of  all 
pesticides  which  have  been  applied.  The 
display  period  is  inappropriate  as  many 
crops  will  be  harvested  before  the 
display  period  has  expired.  The 
previously  treated  area  may  be  in 
production  of  another  crop. 

We  believe  that  the  display  and 
maintenance  of  the  display  provides 
very  little  actual  benefit  to  the  worker  or 
handler  when  compared  with  the  cost  to 
the  agricultural  employer. 

Approximately  89  percent  of  the 
agricultural  producers  have  less  than  10 
employees.  The  case  where  small 
agricultural  producers  would  be 
required  to  maintain  such  a  display  for 
one  or  two  employees  must  be 
questioned.  Although  USDA  recognizes 
EPA’s  concern  that  workers  and 
handlers  have  information  on  possible 
exposure  to  pesticides,  we  believe  a 
better  method  would  be  to  make  the 
information  available  upon  request  by  a 
worker  or  handler. 

F.  Emergency  Assistance 

Section  170.160  of  the  draft  final  rule 
requires  the  agricultural  employer  to 
make  available  to  the  worker  prompt 
transportation  to  an  appropriate 
emergency  facility.  This  provision  needs 
clarification  to  indicate  the  extent  of  the 
agricultural  employer’s  responsibility. 
USDA  interprets  this  provision  to  be 
applicable  only  while  the  worker  is  at 
the  workplace. 

G.  Decontamination 

The  decontamination  provisions 
contained  in  §  170.150  of  the  draft  final 
rule  are  unreasonably  burdensome  to 
agricultural  employers  because  they 
require  potable  water  for 
decontamination  purposes,  including 
handwashing.  The  requirement  that 
potable  water  be  available  for  washing 
purposes  is  unnecessary.6  Clean  water 
should  be  sufficient,  and  is  readily 
available  from  farm  and  irrigation  wells, 
whereas  potable  water  may  not  be. 
Changing  the  decontamination 
provisions  from  the  use  of  potable  water 
to  permit  the  use  of  clean  water  would 
greatly  reduce  the  burden  and  expense 
to  agricultural  employers  without 
significantly  reducing  worker  protection. 
An  appropriate  standard  might  be  the 


•"Potable  water”  means  water  that  meets  the 
standards  for  drinking  established  by  State  or  local 
authority  having  jurisdiction  or  water  that  meets  the 
National  Interim  Primary  Drinking  Water  Standards 
in  part  141  of  this  chapter.  (Draft,  page  216). 
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regional  or  local  standard  for 
recreational  water,  i.e.,  water  suitable 
for  close  bodily  contact  with  a 
possibility  for  ingestion. 

EPA  explained  its  requirement  of 
potable  water  for  decontamination  as 
“[EPA]  believes  that  since  OSHA  uses 
the  potable  water  standard  for  its  Field 
Sanitation  Standard,  it  would  be  easier 
for  employers  to  comply  with  one  water 
standard  than  with  two.”7  This 
explanation  ignores  the  fact  that  the 
employers  who  commented  and  opposed 
the  “potable”  water  standard  are  in  a 
better  position  to  evaluate  what  may  be 
easier  for  them  than  EPA.  EPA  also 
ignores  the  fact  that,  by  its  own 
estimate,  89  percent  of  agricutural 
employers  have  fewer  than  10  workers 
and  are  thus  exempt  from  the  OSHA 
standard  upon  which  EPA  relies.8 EPA’s 
explanation  is  clearly  not  responsive  to 
this  group  of  employers.  EPA  should 
provide  a  well  reasoned  explanation  for 
the  need  for  potable  water,  rather  than 
clean  water,  if  this  requirement  is 
implemented. 

USD  A  also  questions  the 
reasonableness  of  the  general 
requirement  for  decontamination 
facilities  for  a  period  of  30  days  after  the 
expiration  of  the  restricted-entry 
interval.  USDA  previously  noted  the 
studies  of  Herbert  Nigg  and  his 
colleagues:  “delayed  fieldworker  reentry 
illnesses  have  clustered  in  the  central 
valley  of  California.  In  particular,  the 
longer  (3  to  60  day)  acute  reentry 
incidents  have  been  limited  to 
California."9  EPA  acknowledges  that 
“[t]he  risks  from  pesticide  residues 
should  become  negligible  by  the 
expiration  of  the  restricted-entry 
interval." 10  Thus,  a  reasonable 
alternative  would  be  a  requirement  for 
decontamination  facilities  during  the  30- 
day  period  following  expiration  of  the 
restricted-entry  interval  in  arid  areas 
only,  and  then  only  where  the  restricted- 
entry  interval  is  established  by  the 
generic  reentry  interval  rather  than  by 
the  longer  permanent  or  interim  reentry 
intervals  which  take  pesticide 
degradation  into  account 

USDA  also  believes  that  the  term 
“decontamination  facilities"  does  not 
describe  appropriately  the  type  of 
facilities  that  are  to  be  made  available 
after  the  expiration  of  the  restricted- 
entry  interval  when  the  risk  of  pesticide 


’Draft,  page  107. 

'OSHA  has  exempted  agricultural  establishments 
where  10  or  fewer  workers  are  employed  in  hand 
labor  activities  on  a  given  day  from  its  Field 
Sanitation  Standard.  29  CFR  1928.110(a). 

^Jigg,  N.H_  Henry.  J.A..  and  Stamper,  H.H., 
Regional  Behavior  of  Pesticide  Residues  in  the 
United  States.  8S  Residue  Review,  page  257  (1983). 

'"Draft  final  rule,  page  118. 


exposure  is  negligible.  A  more 
appropriate  term  would  be  "personal 
hygiene  facilities"  or  simply  “washing 
facilities.” 

H.  Decontamination — Cost  Analysis 

EPA  estimates  the  aggregate  first  year 
cost  of  its  decontamination  provision  to 
be  $79.5  million,  but  then  discounts  this 
cost  by  50  percent11  on  the  grounds  that 
*‘[t]he  OSHA  field  sanitation 
requirements  cover  an  estimated  50.0 
percent  of  all  hired  farmworkers.’This 
adjustment  conflicts  with  the  fact  that 
the  OSHA  standards  do  not  require  eye- 
flush  dispensers  as  does  the  draft  final 
rule.  Thus,  the  cost  estimate  should  be 
increased  to  account  for  100  percent  of 
the  cost  of  eye-flush  dispensers  for  the 
450,000 12  farms  with  hired  workers. 

The  draft  final  rule  requires 
decontamination  facilities  with  eye- 
flush  dispensers  for  all  hired  farm 
workers.  It  is  unclear  whether  EPA  has 
attributed  any  cost  to  the  provision  of 
eye-flush  dispensers  to  farm  workers 
other  than  pesticide  handlers.  Table  21 
of  the  Revised  Regulatory  Impact 
Analysis  attributes  the  entire 
decontamination  cost  to  change  of 
clothing,  soap,  water,  and  towels. 

EPA’s  cost  estimate  details  no 
accounting  for  the  cost  of  the  testing  of 
potable  water  as  required  by  the 
National  Interim  Primary  Drinking 
Water  Standards. 

EPA  correctly  notes  that 
decontamination  costs  should  be 
calculated,  in  part,  on  a  per 
establishment  basis13  and  that  89 
percent  of  farms  have  less  than  10 
workers. 14  Since  89  percent  of  farms  are 
exempt  from  the  OSHA  field  sanitation 
requirement  the  aggregate  cost  of  water 
containers,  their  maintenance,  and  the 
cost  of  testing  should  be  discounted  by 
11  percent  rather  than  50  percent.  EPA 
calculated  costs  on  the  basis  of  the 
number  of  workers  covered  by  the 
OSHA  field  sanitation  standards  and 
not  on  a  per  establishment  basis. 

EPA  should  recalculate  the 
decontamination  provision  cost  for 
other  than  soap  and  towels,  on  an 
establishment  basis.  The  cost  of  eye- 
flush  dispensers  should  be  accounted 
for,  and  an  appropriate  estimate  for  the 
provision  and  testing  of  potable  water 
should  be  attributed  to  the  cost  of  this 
rule. 


"Revised  Regulatory  Impact  Analysis,  page  48. 
'S5PA  estimate  of  number  of  covered  farms.  1987 
Regulatory  Impact  Analysis,  page  55. 

'Ttraft  final  rule,  page  165. 

'*1988  Regulatory  Impact  Analysis,  page  54. 


I.  Reentry  Restrictions 

The  prohibition  of  reentry  for  tasks 
requiring  manual  labor  during  the 
generic,  permanent  and  interim 
restricted-entry  intervals  is 
unreasonable  for  many  crops.  EPA 
contracted  with  Development  Planning 
and  Research  Associates  (DPRA)  for  an 
“Analysis  of  Proposed  Reentry  Interval 
Regulations  Under  FIFRA,"  which 
determined  that  a  number  of  crops 
would  be  adversely  affected  by  an  up  to 
48-hour  restricted-entry  interval.  The 
problems  identified  in  the  DPRA  study 
would  be  greatly  exacerbated  under  the 
longer  intervals  and  the  total 
proscription  of  activities  contained  in 
the  draft  final  rule. 

Provision,  similar  to  the  reentry 
provisions  of  the  proposed  rule,  should 
be  made  to  permit  necessary 
agricultural  activities  if  PPE  is  utilized. 
Appropriate  PPE  would  be  that  required 
for  the  treatment  which  caused  the 
reentry  restriction.  Such  a  reentry 
provision  is  particularly  necessary 
where  restricted-entry  intervals  exceed 
the  up  to  72-hour  generic  reentry 
interval.  It  would  also  be  reasonable  to 
apply  a  reduced  standard  for  necessary 
activities  which  entail  minimal  contact 
with  treated  surfaces.  USDA  is  unable 
to  evaluate  precisely  the  effect  of  the 
reentry  prohibition,  because  EPA  was 
unable  to  provide  a  complete  list  of  the 
products  for  which  permanent  and 
interim  restricted-entry  intervals  have 
been  established.  A  partial  list  was 
provided  by  EPA  at  a  recent  meeting 
with  USDA,  but  it  was  given  to  USDA 
with  the  admonition  that  publication 
deadlines  precluded  adequate  time  for 
its  evaluation. 

USDA  notes  that  a  limited  exception 
to  the  reentry  restriction  is  provided  for 
cut  flowers  and  ferns,  but  we  observe 
that  there  are  a  number  of  other  crops 
which  would  also  be  significantly 
affected  by  the  reentry  restrictions.  At  a 
minimum,  a  provision  similar  to  that  for 
cut  flowers  and  ferns  should  be  made 
for  the  other  crops  which  would  be 
significantly  affected.  A  number  of  these 
crops  were  identified  in  the  EPA- 
commissioned  "Analysis  of  Proposed 
Reentry  Interval  Regulations  under 
FIFRA”  prepared  by  DPRA.  However, 
this  study  underestimated  the  impact  of 
this  rule  because  it  excluded  certain 
crops,  excluded  certain  areas  for  some 
crops,  and  contemplated  less  restrictive 
restricted-entry  intervals. 

1.  Reentry  cost  estimates. The  generic 
reentry  intervals  required  in  the  draft 
final  rule  represent  a  substantial 
increase  over  that  proposed.  Although 
EPA  states  that  resntxy  costs  are  based 
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on  the  level  of  disruption  to 
agriculture, 18  the  costs  were  not  revised 
to  reflect  the  new  reentry  restrictions. 
USDA  does  not  understand  why  EPA 
cost  estimates  for  three  quite  dissimilar 
options  are  identical  (after  adjustment 


for  EPA’s  reduction  of  their  greenhouse 
cost  estimate).  See  Table  1  below. 

EPA  estimated  its  reentry  costs  in  the 
proposed  rule  based  upon  "allowing 
routine  entry  for  unlimited  time  to  areas 
under  a  restricted-entry  interval" 16  if 
PPE,  decontamination  and  training  were 


provided.  The  draft  final  rule  states; 
"(EPA)  intends  to  prohibit  all  routine 
hand-labor  tasks  in  areas  treated  with 
pesticides  until  the  restricted-entry 
interval  has  expired." 17  Despite  this 
substantially  greater  restriction,  the 
reentry  cost  estimates  were  unchanged. 


Table  1 — Reentry  Options  and  Costs  Considered  in  the  Farm  Worker  Protection  Standard  Development1 


Proposed  Low  Option 

Proposed  Rule 

Final  Rule 

Proposed  High  Option 

Tox  1  =  24  h 

Tox  1  =  48  h  for  organophosphates  and  carbamates 

Tox  1  =  72  h  for  organophos¬ 
phates  in  arid  areas 

Tox  1  =  72  h 

Tox  1  =  24  h 

Tox  1  =  24  h  for  others 

Tox  1  =  48  h  for  others 

Tox  1  =  72  h 

Tox  II  =  spray  dry  and  dust 
settled 

Tox  II  =  24  h  for  organophosphates  and  carbamates 

;  Tox  II  =  24  h 

Tox  II  =  48  h 

Tox  II  =  spray  dry  and  dust 
settled 

Tox  II  =  spray  dry  and  dust  settled 

Tox  II  =  24  h 

Tox  If  =  48  h 

Tox  111  -  spray  dry  and 
dust  settled 

Tox  III  =  spray  dry  and  dust  settled 

Tox  III  =  12  h 

Tox  III  =  24  h 

Tox  IV  =  spray  dry  and 
dust  settled 

Tox  IV  =  spray  dry  and  dust  settled 

Tox  IV  =  12  h 

Tox  IV  =  24  h 

(Earty  reentry  with  PPE  al¬ 
lowed) 

(Earty  entry  with  PPE  allowed) 

(No  earty  reentry,  with  narrow 
exemptions  for  limited  time) 

(No  earty  entry,  except  for  limit¬ 
ed  activities) 

Cost  =  $6.2  million 

Total  =  $33.7  million 

Less  greenhouse  cost*  -  27.5  million 

Adjusted  cost  =  $6.2  million 

Cost  =  $6.2  million 

Total  =  $222.2  million 

Less  greenhouse  cost*  —  55.0 
million 

Adjusted  cost  =  $167.0  million 

'  Sources:  Ftnal  rule,  p.  196;  1988  Regulatory  impact  analysis,  pp.  24.27;  Revised  regulatory  Impact  analysis,  p.46. 
2  Greenhouse  reentry  restriction  reduced  in  final  rule. 


Part  156  retains  all  previously 
established  “permanent"  and  "interim" 
restricted-entry  intervals  that  are  longer 
than  the  generic  reentry  intervals  to  be 
established  by  this  rule. 18  This,  in  and  of 
itself,  represents  no  change  from 
previous  regulation.  But  the  effect  of  this 
change,  due  to  the  prohibition  of  “all 
routine  hand-labor  tasks"  during  a 
restricted-entry  interval,  is  substantial 
Rather  than  EPA’s  explanation:  “the 
disruption  to  agriculture,  and  thus  the 
cost,  should  be  minimal;  pesticides 
could  be  applied  in  the  evening,  and 
worker  entry  would  be  allowed  the 
following  morning"1*  the  prohibition 
and  disruption  could  last  many  times 
longer.  EPA  provided  a  partial  list  of 
interim  restricted-entry  intervals  from 
which  USDA  has  identified  interim 
reentry  intervals  as  long  as  30  days.  In 
our  judgment,  the  disruption  to 
agriculture  by  prohibiting  all  routine 
hand  labor  tasks  for  as  long  as  30  days 
may  be  substantial. 

USDA  is  concerned  that  the  access 
prohibition  contained  in  this  draft  final 
rule  will  cause  States  to  also  prohibit 
access  during  restricted-entry  intervals 
because  FTFRA  disallows  State 
standards  less  stringent  than  those 
established  by  EPA.  If  States  applied 
such  prohibition  to  their  present  State- 
established  restricted-entry  intervals. 


access  to  fields  would  be  prohibited  by 
as  much  as  90  days.  The  draft  final  rule 
does  not  indicate  how  such  standards 
should  be  applied.  USDA  believes  it  is 
imperative  that  EPA  clarify  in  its 
explanation  of  the  rule  precisely  the 
circumstances  under  which  access 
should  be  prohibited  and  that  it  would 
be  inadvisable  to  extend  generally  the 
access  prohibition  to  longer  State- 
established  restricted-entry  intervals 
because  it  could  be  tantamount  to 
banning  the  use  of  such  materials. 

EPA  expects  “that  most  agricultural 
management  practices  can  be  carried 
out  after  the  restricted-entry  interval 
expires  *  *  * ." 20  USDA  believes  the 
pertinent  issue  is  not  whether  most 
practices  could  be  delayed  in  this 
manner  but  rather  whether  certain 
essential  practices  could  be.  The  effect 
of  the  reentry  restrictions  will  vary 
depending  upon  the  commodity  and  the 
growing  conditions.  The  DPRA  study 
noted  a  number  of  manual  labor  tasks 
which  must  be  performed  at  shorter 
intervals  than  some  of  the  restricted- 
entry  intervals  which  would  be 
established  by  the  draft  final  rule.  DPRA 
determined  that,  for  crops  with  multiple 
harvests,  "[t]he  interval  between 
harvests  ranged  from  one-half  day 
(asparagus)  to  six  weeks  (avocadoes). 
Most  crops  fell  into  the  three -  to  ten-day 


range,  however."  [Emphasis  added). 
USDA  agrees  with  the  DPRA  study  that 
there  are  many  critical  practices 
required  in  a  number  of  crops  which 
conflict  with  the  up-to-30-day 
prohibitions  to  be  established  by  this 
draft  final  rule.  USDA  can  provide 
additional  examples  upon  request. 

Few  employers  could  maintain  an  idle 
labor  force  for  30-day  periods.  The 
prohibition  of  access  could  be  expected 
to  cause  layoffs  and  a  significant  level 
of  lost  wages,  agricultural  production 
losses,  and  reduced  employment  due  to 
the  potential  for  the  reduced 
competitiveness  of  U.S.  agricultural 
producers.  USDA  believes  these  costs  to 
farmers  and  farm  workers  should  be 
taken  into  account  by  EPA. 

There  is  insufficient  information 
furnished  in  the  RIA  to  replicate  EPA'9 
reentry  cost  estimate.  However,  EPA 
estimated  the  difference  between  a  48/ 
24/12  (Toxicity  categories  I/II/III)  hours 
reentry  provision  and  a  72/48/24  hours 
provision  to  be  over  $160  million  [Table 
1).  Since  reentry  cost  is  a  function  of  the 
disruption  to  agriculture,  the  cost  of 
prohibiting  access  by  farm  workers  for 
as  much  as  30  days  must  be 
considerably  more  than  that  associated 
with  the  proposed  rule,  and  this 


■Draft  final  rale,  page  44. 
“Draft  final  rule,  page  53. 


■Ibid. 

“Draft  final  rule,  pages  41  and  42. 


■Draft  final  rule,  page  44. 
*Draft  final  rule,  page  52. 
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additional  cost  should  be  reflected  in 
the  draft  final  rule. 

EPA’s  RIA  estimates  the  cost  of 
prohibiting  worker  access  to  nurseries 
and  greenhouses  to  be  zero.  Clearly 
there  are  costs  associated  with  such 
prohibition.  EPA  previously  estimated, 
in  the  RIA  for  the  proposed  rule,  that  the 
cost  of  an  absolute  prohibition  of  access 
to  treated  greenhouses  under  the 
proposed  rule  to  be  more  than  four  times 
that  of  all  farms  combined.  Under  the 
draft  final  rule,  the  reentry  restrictions 
would  be  reduced  from  that  contained  in 
the  proposed  rule,  but  access  would  still 
be  prohibited  to  treated  areas  in 
greenhouses.  While  the  new  provision 
for  greenhouses  is  less  burdensome,  it  is 
not  reasonable  to  assume  the  entire  cost 
associated  with  this  prohibition  has 
been  eliminated. 

The  cost  estimate  for  the  proposed 
rule  was  based  upon  1.8  million  hired 
workers  on  550,000  farms  with  hired 
workers,  and  apparently  excluded 
family  farms.  The  RIA  prepared  in 
conjunction  with  the  proposed  rule 
stated  "[pjesticide  usage  situations 
involving  only  a  family  farm  setting 
without  hired  labor  are  not  covered  by 
the  proposed  regulation."  It  is  unclear 
how  the  cost  of  the  reentry  requirements 
of  the  draft  final  rule  was  calculated. 
However,  since  the  cost  estimated  for 
the  draft  final  rule  is  identical  (after 
adjustment  for  the  change  in  greenhouse 
restrictions)  to  that  of  the  proposed  rule, 
USDA  concludes  the  cost  estimate  for 
the  draft  final  rule  also  excludes  family 
members.  Since  the  reentry  restrictions 
apply  also  to  family  members  on  family 
farms,  USDA  believes  this  additional 
cost  should  be  taken  into  account. 

USDA  estimates  there  are  2.9  million 
operators  and  unpaid  workers  (primarily 
family  members)  who  perform  farm 
work  on  plant  crops,21  so  the  number  of 
workers  affected  by  the  reentry 
provision  would  be  4.7  million  rather 
than  1.8  million.  The  inclusion  of  farms 
with  no  hired  farm  workers  also  doubles 
the  number  of  establishments  affected 
by  the  reentry  provision22  and 
substantially  increases  the  affected 
acreage  compared  to  farms  with  hired 
workers  only.  It  is  unclear  whether  EPA 
estimated  the  cost  of  its  reentry 
provision  on  a  per  worker,  per 
establishment,  or  per  acre  basis. 
However,  it  is  clear  that  whatever  the 

’“Oliveira,  Victor  J.  and  Cox.  E.  Jane,  The 
Agricultural  Work  Force  of  1987:  A  Statistical 
Profile,  pages  11  and  13  (May  1989). 

’Terms  where  only  family  labor  is  used  are  not  to 
be  covered  by  most  provisions  of  the  worker 
protection  proposals.  This  exemption  eliminates 
from  the  effects  of  this  regulation  about  550.000  out 
of  about  1.000.000  farms  which  grow  crops.  (1987 
Regulatory  Impact  Analysis,  page  54). 


basis,  there  should  be  an  accounting  for 
the  cost  of  including  family  members  in 
the  reentry  provision. 

USDA  believes  that  hand  labor 
disruptions  may  be  longer  under  the 
reentry  levels  imposed  by  the  States. 

This  area  of  regulation  needs  additional 
clarification  by  EPA  to  assess  the  effect 
of  longer  intervals  beyond  the  EPA 
standard. 

As  part  of  this  effort,  EPA  does 
consider  protective  clothing  for 
handlers,  but  fails  to  consider  the 
benefits  of  PPE  relative  to  agricultural 
workers. 

EPA  should  revise  its  reentry  cost 
estimates  in  order  to  reflect  the 
increased  cost  of  prohibiting  access  to 
treated  areas,  the  longer  generic 
restricted-entry  intervals,  the  permanent 
and  interim  reentry  intervals  that  are 
longer  than  the  generic  reentry  intervals, 
the  inclusion  of  establishments  with  no 
hired  workers,  the  cost  of  workers  due 
to  layoffs  during  the  restricted-entry 
intervals,  and  the  costs  expected  to  be 
incurred  by  nurseries  and  greenhouses. 

J.  Regional  Climate-Based  Reentry 
Intervals 

USDA  believes  that  reentry  intervals, 
and  the  need  for  decontamination 
provisions  and  training,  should  be  based 
on  the  pesticide  persistence  expected  in 
a  particular  region.  EPA’s  explanation 
indicates  the  provisions  of  the  draft  final 
rule  are  based  upon  the  experience  in 
California.  EPA  analysts  have  noted 
that: 

Due  to  climatic  conditions  and  an  intensive 
pesticide  use  pattern,  California  has  unique 
problems  in  farm  worker  safety.23 

World  Resources  Institute  said: 

(S)cientific  evidence  suggests  that  pesticide 
degradation  rates  are  dramatically  affected 
by  ambient  moisture,  humidity,  temperature, 
and  rainfall.  In  hot,  dry  areas  like  California, 
where  crops  may  be  grown  only  with 
extensive  irrigation,  residues  remain  on 
foilage  for  longer  periods,  unwashed  by  dew 
or  rains.  In  other  places,  such  as  Florida  and 
much  of  Texas,  frequent  precipitation  reduces 
the  danger  to  human  beings.24 

As  previously  noted,  Herbert  Nigg  and 
his  colleagues  found: 

Delayed  fieldworker  reentry  illnesses  have 
clustered  in  the  central  valley  of  California. 

In  particular,  the  longer  (3  to  60  day)  acute 
reentry  incidents  have  been  limited  to 
California.23 

“Zweig,  Gunter,  Adams.  James.  D.,  and  Blondell, 
Jerome,  U.S.  Environmental  Protection  Agency. 
Residue  Reviews,  Vol.  75  (1980). 

’Tield  Duty:  U.S.  Farmworkers  and  Pesticide 
Safety.  World  Resources  Institute,  page  8  (1985). 

“Nigg,  N.H..  Henry.  J.A.,  and  Stamper.  J.H., 
Regional  Behavior  of  Pesticide  Residues  in  the 
United  States.  85  Residue  Review,  page  257  (1983). 


And,  in  the  proposed  rule,  EPA  itself 
said: 

The  [reentry)  problem  exists  throughout  the 
country,  although  it  appears  to  be  greatest  in 
California:  *  *  * 

Researchers  have  clearly  determined 
there  are  wide  differences  in  the  rate  of 
pesticide  degradation  or  disappearance 
which  cannot  be  explained  by  time 
alone  and  that  climatic  factors  should 
also  be  taken  into  account.  Because  of 
this,  it  is  inappropriate  to  establish 
national  reentry  intervals  based  upon 
only  time  and  experience  in  California. 

USDA  believes  EPA’s  mandate  "to 
protect  the  public  health  and  the 
environment  from  unreasonable 
pesticide  risks  while  permitting  the  use 
of  necessary  pest  control  technologies”26 
could  be  better  fulfilled  by  scaling 
reentry  intervals  to  regional  weather 
characteristics.  California  officials  have 
recognized  this  need  and  established 
different  districts  within  the  State  and 
provided  exceptions  or  restrictions 
when  certain  amounts  of  rainfall  have 
occurred  or  overhead  irrigation  has  been 
used.  This  procedure  does  not  appear  to 
be  overly  burdensome  to  the  California 
agency  and  it  accommodates  the 
requirements  of  agricultural  production. 

In  1972,  the  Federal  Working  Group 
on  Pest  Management  appointed  a  Task 
Group  on  Occupational  Exposure  to 
Pesticides  which  recommended: 

1.  The  Federal  Government  should  require 
pesticide  registrants  to  develop  and  submit 
data  sufficient  to  enable  Federal  officials  to 
promulgate  safe  reentry  intervals  for  each 
crop  for  which  any  new  organophosphorus 
pesticide  is  to  be  registered. 

2.  Responsible  Federal  Agencies  should 
pay  due  regard  to  significant  geographical 
differences  in  the  prevalence  of  the  worker 
reentry  problem  and  consider  implementation 
of  pesticide  reentry  intervals  in  those 
regions.21 

USDA  believes  that  reentry  intervals, 
as  well  as  the  need  for  decontamination 
provisions  and  training,  should  be  based 
on  the  pesticide  persistence  expected  in 
a  particular  region.  National  standards 
based  upon  experience  in  California 
which  EPA  analysts  describe  as 
"unique”  are  an  unreasonable  burden 
upon  farmers  and  farm  workers  in  most 
other  States. 

USDA  is  also  concerned  that  such 
regulation  beyond  the  harvest  interval 
could  be  misinterpreted  in  a  manner 

’Senate  Appropriations  Committee  Report  No. 
102-107,  July  11, 1991. 

“Milby,  T.H.  (Chairman).  Occupational  Exposure 
to  Pesticides.  Report  to  the  Federal  Working  Group 
on  Pest  Mangement  from  the  Task  Group  on 
Occupational  Exposure  to  Pesticides,  page  51 
(January  1974). 
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which  would  generate  unwarranted  food 
safety  concerns. 

Considering  that  EPA  has  been 
gathering  pesticide  disappearance  data 
for  over  15  years  in  its  registration 
process,  and  a  body  of  research  exists 
on  the  effects  of  climatic  differences  on 
pesticide  persistence,  it  appears  that 
regional  climate-based  reentry  intervals 
are  both  feasible  and  appropriate. 

K.  Personal  Protective  Equipment 

The  cost  estimate  for  PPE  is  based 
upon  “[t]otal  handlers  estimated  at 
527,300,  including  170,000  commercial 
handlers." “This  estimate  does  not 
include  EPA's  estimated  980,000  family- 
member  handlers  for  whom  PPE  must 
also  be  provided. “The  1991  Revised 
R1A  (page  7)  states  that  “(p)esticide 
usage  situations  involving  a  family  farm 
setting  without  hired  labor  are  exempt 
from  the  proposed  (sic)  regulation.” 

Thus,  the  draft  final  rule  and  its  RIA  are 
contradictory,  and  there  is  no 
accounting  for  the  number  of  unpaid 
workers  for  whom  PPE  is  required. 

If  the  estimated  cost  for  PPE  were 
adjusted  in  proportion  to  the  additional 
980,000  family-member  handlers,  the 
total  first  year  cost  would  be  $315.5 
million  instead  of  $110.7  million;  the  first 
year  incremental  cost  would  be 
increased  from  $222.14  million  to  $63.09 
million. 

L.  Cost/Benefit  Analysis 

The  draft  final  rule  states  that  "the 
benefits  in  decreasing  the  number  and 
severity  of  pesticide-related  illnesses 
and  injuries  to  agricultural  employees 
far  exceed  the  modest  costs  of  the  rule 
to  agricultural  employers,  pesticide 
handler  employers  and  registrants.”30 
The  draft  final  rule  also  states  that 
"substantial"  benefits  will  accrue  to 
employers  as  the  result  of  this  rule  by 
reduction  in  lost  time  from  the  work 
force,  reduced  medical  expenses, 
reduced  insurance  costs,  and  overall 
increased  productivity  from  having  a 
work  force  less  affected  by  pesticide 
exposure.31 

The  Cost  Evaluation  of  EPA's  RIA 
does  not  quantify  any  benefits  to  be 
realized,  but  merely  states  that  the 
benefits  from  reduction  of  lost  time, 
reduced  medical  costs,  reduced 
insurance  expenses,  and  increased 
productivity  from  having  a  workforce 
less  affected  by  pesticide  poisoning 
"will  substantially  outweigh  the  costs  of 

"Table  3.  Cast  Effectiveness  Summary,  1991 
Revised  Regulatory  Impact  Analysis. 

•Draft  final  rule,  page  248. 

•Draft  final  rule,  page  24. 

"Draft  final  rule,  page  184. 


this  proposed  (sic)  regulation."32 
However,  the  Cost  Effectiveness 
Evaluation  of  the  RIA  prepared  in 
conjunction  with  the  proposed  rule 
estimated  the  average  cost  per  poisoning 
case,  consisting  of  hospitalization  and 
lost  time,  to  be  $580. 

If  EPA's  $580  estimate  were  correct, 
the  number  of  illnesses  which  must  be 
avoided  to  break  even  on  a  cost  basis 
could  be  calculated  by  dividing  $580  into 
the  incremental  cost  estimate  of 
$139,000,000.  Thus,  using  EPA’s 
estimates,  over  239,000  cases  of 
hospitalization  must  be  avoided  for  the 
economic  benefits  of  the  draft  final  rule 
to  outweigh  its  costs.  Since  239,000  is 
twelve  times  EPA’s  highest  estimate  of 
medically  diagnosed  cases,33  it  is  not 
clear  to  USDA  that  substantial  benefits 
will  accrue  to  employers  as  a  result  of 
this  rule.  Furthermore,  EPA  should 
consider  that  only  a  fraction  of 
medically  diagnosed  cases  result  in  time 
lost  from  work,  and  only  a  small  fraction 
of  these  require  hospitalization.  EPA 
should  provide  information  supporting 
its  assertion  that  the  economic  benefits 
of  this  rule  will  outweigh  its  costs,  and 
include  a  description  of  the  assumptions 
used  in  making  its  calculation. 
Otherwise,  the  public  will  be  left  with 
the  conclusion  that  the  assertion  is  not 
supportable. 

Farm  workers  may  also  realize 
additional  costs  associated  with  this 
rule  due  to  layoffs  and  reduced 
employment  which  may  result  from  any 
diminishment  of  the  competitiveness  of 
the  U.S.  agricultural  industry.  USDA 
believes  EPA  should  take  these  costs 
into  account  in  its  cost  effectiveness 
evaluation. 

M.  Cost/Benefit  Analysis — Acute 
Poisoning 

EPA  measures  the  cost-effectiveness 
of  the  rule  in  terms  of  cost  per  poisoning 
case  avoided:  “(a]ssuming  that  80%  of 
the  current  acute  illness  and  injury 
incidents  in  agricutural  employees 
caused  by  occupational  exposures  to 
pesticides  are  prevented  through 
compliance  with  this  new  rule,  each 
worker  incident  avoided  in  the  first  year 
will  cost  between  $820  and  $12,330, 
depending  on  the  actual  number  of  acute 
incidents."34 The  Revised  RIA  states: 
"[ejstimates  of  annual  acute  poisoning 
cases  from  pesticides  range  from  20,000 
to  300,000."“  This  range  of  "cases”  is 

^Revised  Regulatory  Impact  Analysis,  page  B. 

"Revised  Regulatory  Impact  Analysis,  page  24. 

•Draft  final  rule,  page  23;  Revised  Regulatory 
Impact  Analysis.  Appendix.  Cost  Effectiveness 
Summary.  Table  7. 

•Stevised  Regulatory  Impact  Analysis,  page  88. 


used  by  EPA  to  calculate  the  cost  per 
incident  avoided. 

If.  as  discussed  below,  the  cost  of  the 
rule  is  understated  or  the  number  of 
cases  is  overstated,  the  range  of  $820 — 
$12,330  cost  per  pesticide  case  avoided 
must  also  be  understated. 

The  RIA  dated  December  8. 1987,  for 
the  proposed  rule  estimated  the  number 
of  medically  treated  agricultural 
pesticide  poisonings  "ranges  from  5,000 
to  20.000  per  year  with  12.500  being  the 
best  estimate."  The  draft  final  rule 
states  “EPA  estimates  that  20.000  to 
300,000  acute  illnesses  and  injuries  *  *  * 
occur  annually  to  agricultural  employees 
*  *  *  Although  the  RIA  for  both  the 
proposed  rule  and  the  draft  final  rule 
cite  the  same  source,  no  explanation  is 
given  for  EPA's  new  estimates. 

The  estimate  of  300,000  “acute 
poisoning  cases"  appears  to  be  an 
assumption  that  undiagnosed  symptoms 
such  as  “headaches,  muscle  aches, 
fatigue  and  others  which  may  be 
mistaken  for  the  common  flu"  are 
equivalent  to  acute  poisoning  cases  if 
the  worker  has  been  where  pesticide 
residues  may  exist.  To  arrive  at  this 
estimate,  data  reported  in  California  for 
1979  are  expanded  to  reflect  a  national 
labor  force  estimate  of  4  million 
(including  about  1.6  million  livestock 
workers  and  others  not  covered  by  the 
draft  final  rule).  This  inflated  national 
estimate  is  then  multiplied  by  100  to 
compensate  for  misdiagnosis, 
underreporting,  and  the  possibility  of 
minor  symptoms  for  which  no  medical 
treatment  was  sought  USDA  questions 
whether  this  estimation  procedure  is 
valid  because  other  published  data  do 
not  approximate  this  estimate.  A 
detailed  discussion  of  the  extrapolation 
used  by  EPA  is  included  in  the 
Appendix. 

N.  Cost/Benefit  Analysis — Chronic 
Illnesses 

In  the  draft  final  rule  EPA  states: 

[T]he  Agency  is  convinced  that  a 
substantial  but  undetermined,  number  of 
additional  incidents  caused  by  delayed-onset 
illnesses  will  be  prevented  through 
compliance  with  this  new  rale.  Any  costs  of 
this  rule  attributed  to  expected  avoidance  of 
delayed-onset  Illnesses  in  workers  and 
handlers  would  reduce  the  costs  per  incident 
projected  above  for  acute  incidents.  EPA 
regards  these  likely  costs  as  modest.  *• 

USDA  does  not  consider  EPA's 
estimated  cost  pm  chronic  case  avoided 
to  be  modest.  In  its  cost  evaluation  EPA 

said: 

For  chronic  health  cases,  with  costa 
apportioned  (50  percent),  the  incremental  cost 


•Draft  final  rule,  page  24. 
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per  case  avoided  could  range  from  about  $150 
thousand  to  $150  million  in  the  first  year  and 
about  $100  thousand  to  $100  million  in  an  out 
year,  depending  upon  level  of  risk.” 

If  the  cost  per  acute  incident  avoided 
is  to  be  reduced  by  attributing  a  portion 
of  the  total  cost  of  the  rule  to  the 
avoidance  of  chronic  illness,  USDA 
believes  the  estimated  cost  to  avoid 
chronic  illnesses  should  be  disclosed  in 
the  rule. 

O.  Conclusion 

The  above  comments  and  suggestions 
are  based  upon  the  interim  draft  of  the 
final  rule  transmitted  on  June  14, 1991, 
which  bears  the  date  of  March  13, 1991. 
USDA  understands  that  EPA  intends  to 
revise  this  draft  prior  to  its  publication 
in  the  Federal  Register.  We  offer  our 
assistance  in  revising  the  RIA  for  this 
rule  as  well  as  our  assistance  in 
clarifying  the  rule,  where  appropriate. 
Included  in  this  assistance  would  be  a 
review  of  the  final  draft  of  the  final  rule. 

II.  Appendix 

Poisoning  Incidence 

Based  on  information  provided  by  the 
Environmental  Protection  Agency  (EPA) 
and  gathered  by  USDA,  we  do  not 
believe  that  the  EPA  estimate  of  300,000 
pesticide  poisoning  incidents  per  year 
on  farms  is  supportable. 

In  the  Regulatory  Impact  Analysis 
(RIA)  for  its  draft  final  rule  for  Worker 
Protection  Standards,  EPA  increased  its 
estimate  of  pesticide  poisoning  incidents 
from  a  range  of  5,000  to  20,000  per  year 
with  a  "best  estimate”  of  12,500  to  a 
range  of  20,000  to  300,000.  EPA  makes  no 
reasoned  explanation  for  the  change  in 
their  estimates  and  no  new  studies  are 
cited.  This  revision  is  best  illustrated  by 
examination  of  the  editing  changes 
made  in  the  text  of  the  RIA: 

EPA’s  review  of  the  available  data 
conservatively  estimates  that  the  number  of 
medically  diagnosed  (“treated”  deleted] 
agricultural  pesticide  poisonings  ranges  up 
("from  5,000”  deleted]  to  20,000  per  year, 
("with  12,500  being  the  best  estimate.” 
deleted] 

In  addition  to  the  number  of  poisonings  for 
which  medical  treatment  was  sought,  there 
are  ("believed  to  be”  deleted]  numerous 
instances  where  exposure  to  pesticides  cause 
(sic)  symptoms  that  are  not  brought  to  the 
attention  of  a  physician  for  treatment. 
Symptoms  of  pesticide  poisoning  may  include 
headaches,  muscle  aches,  fatigue  and  others 
which  may  be  mistaken  for  the  common  flu  or 
other  illnesses  that  are  debilitating  to  some 
degree.  ("One  private  research  organization” 
deleted]  World  Resources  Institute  (1985) 
estimates  ("estimated”  deleted]  that  as  many 
as  300,000  persons  annually  suffer  some 


3 ’Revised  Regulatory  Impact  Analysis,  Appendix, 
Cost  Evaluation,  page  3. 


symptoms  of  pesticide  exposure.  This 
estimate,  however,  is  not  well  documented. 

For  evaluation  purposes,  therefore,  this 
analysis  will  assume  a  range  of 20,000  to 
300,000 potential  acute  pesticide  poisoning 
cases  per  year  *  *  *.38 

If  new  data  exist  indicating  that  an 
estimate  of  20,000  medically  diagnosed 
pesticide  poisonings  per  year  is 
appropriate,  the  source  should  be  cited. 

EPA’s  estimate  of  300,000  unreported 
instances  of  pesticide-related  symptoms 
is  not  adequately  supported.  World 
Resources  Institute  (WRI),  an 
environmentalist  policy  research 
organization,  did  not  estimate  that 
300,000  persons  suffered  symptoms  of 
pesticide  exposure  each  year.  Instead, 
WRI  stated: 

(S] pecialist9  still  disagree  about  the  risks 
posed  by  pesticide  use.  Reviewing 
information  from  California,  for  example, 
epidemiologist  Molly  Coye  has  recently 
estimated  that  perhaps  as  many  as  313,000 
farmworkers  in  the  U.S.  may  suffer  the  effects 
of  pesticide-related  illness  each  year, 
including  such  symptoms  as  dizziness, 
vomiting,  ‘pin-point  pupils,’  and  severe  skin 
rashes.  As  Tables  2  and  3  suggest,  however, 
regional  differences  in  crop  production  and 
pesticide  application  rates  almost  certainly 
give  rise  to  different  patterns  of  pesticide 
exposure.39  [Emphasis  added.] 

Although  WRI  acknowledged  that 
their  description  of  the  extreme  estimate 
of  pesticide  poisoning  was  "almost 
certainly”  inaccurate,  EPA  notes  only 
that  the  estimate  is  “not  well 
documented.”  Furthermore,  a  review  of 
the  cited  treatise  indicates  that  Ms. 

Coye  did  not  estimate  313,000  poisoning 
cases  either.  She  merely  described  an 
inapposite  1976  study  in  California  and 
made  a  hypothetical  extrapolation;  her 
own  estimate  of  farmworker  illnesses 
was  lower  by  a  factor  of  24. 

In  Ms.  Coye’s  words: 

[T] he  director  of  pesticide  programs  for  the 
Department  of  Health  Services  estimated  that 
as  little  89 1  percent  of  all  pesticide-related 
illness  in  farmworkers  [is]  reported  in 
California — despite  the  fact  that  state 
regulation  requires  physicians  to  report  such 
cases  to  their  county  Health  Officer  within  24 
hours  of  diagnosis  (Kahn,  1978).  In  1982,  235 
cases  of  pesticide-related  illness  among 
farmworkers  were  reported:  if  this  represents 
one  percent  of  actual  illness,  the  “true” 
prevalence  would  be  23,500  cases  among  the 
estimated  300,000  farmworkers  in  the  state.  If 
this  rate  is  applied  to  a  conservative  estimate 
of  the  national  farmworker  labor  force,  or  4 
million  workers,  the  prevalence  may  be 
313,300  cases;  if  we  apply  the  rate  only  to 


3*1987  RIA.  page  22;  Revised  RIA.  page  24.  (Rule 
form;  Additions  underlined,  deletions  struck 
through). 

‘Wasserstrom,  Robert  F.  and  Wiles.  Richard, 
Field  Duty:  U.S.  Farmworkers  and  Pesticide  Safety, 
World  Resources  Institute,  page  3  (July  1983). 


hired  seasonal  farmworkers  who  are  at 
greatest  risk  for  field  residue  exposure,  the 
prevalence  would  be  158,000. 40  [Emphasis 
added.] 

Dr.  Ephraim  Kahn’s  1976  study,  cited  by 
Ms.  Coye,  is  obsolete  and  inapposite. 

The  present  California  Health  and 
Safety  Code  was  enacted  by  the  State 
Assembly  in  1977  and  amended  in  1979 
for  the  purpose  of  strengthening  their 
system  of  reporting  suspected  pesticide 
injuries  and  illnesses.  Under  current  law 
(and  that  which  existed  in  1982,  the  year 
of  Ms.  Coye’s  data),  reports  by 
physicians  are  cross  checked  against 
workers’  compensation  claims  and  a 
$250  fine  may  be  imposed  on  physicians 
who  fail  to  report  pesticide  incidents. 
Under  this  procedure,  the  California 
reporting  system  today  functions  much 
better  than  it  did  in  1976.  Thus,  the 
circumstances  described  by  Dr.  Kahn  in 
1976  are  not  comparable  to  either  the 
circumstances  at  the  time  of  Ms.  Coye's 
hypothesis  or  of  the  present. 

In  constructing  her  hypothesis,  Ms. 
Coye  may  have  drawn  more  from  Dr. 
Kahn’s  article  than  he  intended.  He  had 
said: 

In  California  we  think  the  number  of 
officially  reported  cases  of  residue-related 
illness  is  probably  only  a  small  fraction  of  the 
actual  number,  possibly  no  more  than  1  or 
2%.  This,  of  course,  is  only  a  guess,  but  there 
is  epidemiological  evidence  to  back  it  up. 
[Emphasis  added.] 

Dr.  Kahn  summarized  that  there  was 
"considerable  indirect  evidence”  of 
undetected  and  unreported  symptoms, 
most  of  which  were  classified  as 
"possibly  pesticide  related,”  that  farm 
workers  are  adversely  affected  by 
pesticide  residues  and  that  the  true 
magnitude  of  the  problem  is  uncertain. 
Thus,  the  basis  for  Ms.  Coye’s 
hypothesis  is  very  weak  at  best.  Indeed, 
had  she  elected  to  use  the  high  rate  (2%) 
of  Dr.  Kahn’s  guess  rather  than  1 
percent,  her  extrapolation  would  have 
been  reduced  by  half. 

In  a  personal  communication  with  Dr 
Kahn  in  September  1991,  he  stated  that 
his  article  had  been  misconstrued  and 
was  inapplicable  to  pesticide  handlers. 
Kahn’s  article  referred  to  field  workers 
only,  and  noted  that  a  much  higher 
proportion  of  handlers  was  reported.  In 
its  cost  evaluation,  EPA  uses  the  same 
extrapolation  for  pesticide  handlers  as 
is  used,  based  upon  Dr.  Kahn's  1976 
guess,  for  farm  workers. 

California’s  current  pesticide-related 
illness  reporting  system  is  considered  to 
be  significantly  better  than  the  county 


*€oye.  Molly  Joel.  Health  Effects  of  Agricultural 
Production,  presented  at  a  symposium  of  the 
National  Academy  of  Sciences,  page  180  (1986). 
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Health  Officer  reporting  system  which 
was  discussed  by  Dr.  Kahn  in  1976.  As 
Robert  I.  Krieger,  Chief/Supervising 
Toxicologist  of  the  Worker  Health  and 
Safety  Branch  of  the  Department  of 
Pesticide  Regulation  of  the  California 
Environmental  Protection  Agency, 
stated  to  USDA  Economic  Analysis  Staff 
in  a  personal  communication,  “[i]f  you 
believe  there  is  underreporting  by 
doctors  of  workers'  compensation 
claims,  then  you  must  also  believe  they 
don’t  care  about  being  paid  for  their 
services."  Dr.  Krieger  also  stated  that 
the  extrapolation  of  Dr.  Kahn's  guess  to 
estimate  a  national  incidence  rate  of 
pesticide-related  illnesses  was  “wholly 
inappropriate." 

Although  EPA  believes  pesticide- 
related  farm  worker  illnesses  are 
underreported,  there  is  evidence  to  the 
contrary.  One  study  found  that  field 
workers  claimed  pesticide  symptoms  15 
times  more  than  a  control  group,41  yet, 
field  workers  represent  only  17  percent 
of  the  verified  pesticide-related  illnesses 
found  under  California's  reporting 
system. 42  This  may  reflect  a  higher 
sensitivity  to  pesticide  concerns  by 
California  farm  workers  as  a  result  of 
the  multi-million  dollar  campaign 
mounted  by  the  United  Farm  Workers 
Union  to  persuade  consumers  that 
boycott-targeted  fruits  and  vegetables 
are  contaminated  by  dangerous 
pesticides. 

The  most  reliable  reporting  system  in 
the  nation,  according  to  EPA,  is  that  of 
California.  The  most  recent  “Summary 
of  Illnesses  and  Injuries  Reported  by 
California  Physicians  as  Potentially 
Related  to  Pesticides — 1988,"  disclosed 
that  only  two  thirds  (2,118  of  3,144)  of 
the  potential  pesticide  illnesses  reported 
by  physicians  could  be  considered 
definite,  probable,  or  even  possible 
pesticide-related  illnesses.  The  numbers 
of  reported  and  confirmed  farm  worker 
cases  is  not  given;  however,  a  measure 
of  the  sensitivity  to  pesticide  danger  to 


41  Wasserstrom.  Robert  P.  and  Wiles,  Richard.  Field 
Duty;  U.S.  Farmworkers  and  Pesticide  Safety,  World 
Resources  Institute,  page  17  (July  1983). 

““Summary  of  Illnesses  and  Injuries  Reported  by 
California  Physicians  as  Potentially  Related  to 
Pesticides — 1988;"  California  Department  of  Food 
and  Agriculture.  Division  of  Pest  Management 
Environmental  Protection  and  Worker  Safety, 
Worker  Health  and  Safety  Branch,  page  IS  (April  30, 
1990). 


farm  workers  may  be  found  by 
comparing  the  number  of  “possible" 
illnesses  to  the  number  confirmed  or 
deemed  “probable"  across  the  various 
categories  of  workers.  Of  19  categories, 
only  agricultural  field  workers  were 
reported  to  have  a  greater  number  of 
“possible"  pesticide  illnesses  than 
“definite  or  probable."  Among  field 
workers,  only  36  percent  of  the  reported 
potential  pesticide  illnesses  were 
confirmed  to  be  definite  or  probable; 
among  all  other  workers  71  percent  were 
definite  or  probable.  These  data  suggest 
the  level  of  reporting  of  pesticide-related 
illnesses  of  farm  workers  is  higher  than 
any  other  category,  including  categories 
such  as  pesticide  applicators  and 
handlers  who  are  at  far  greater  risk. 
Thus,  the  reasonable  inference  is  that 
farm  worker  pesticide  incidents  are 
overreported. 

There  may  be  a  bias  toward 
overreporting  by  physicians  of  pesticide 
illnesses  for  patients  with  symptoms 
similar  to  pesticide  exposure,  because 
after  the  first  visit,  pesticide  illnesses 
are  eligible  for  physicians’  payments  by 
workers  compensation  whereas  similar 
symptoms  (headaches,  muscle  aches, 
fatigue,  flu,  etc.)  for  nonoccupational 
illnesses  are  not. 

Ms.  Coye’8  own  hypothesis  reveals 
that  the  313,300  projection  is  not  suited 
for  estimating  the  pesticide-related 
illnesses  among  hired  farm  workers.  She 
projected  the  number  of  hired  farm 
worker  illnesses  to  be  156,600.  However, 
even  156,600  is  not  appropriate  for  EPA’s 
analysis  because  the  draft  final  rule 
concerns  a  subset  of  all  hired  farm 
workers  which  excludes  livestock 
workers.  Livestock  workers  represent 
about  48  percent  of  the  U.S.  hired  labor 
force.  Thus,  if  the  Coye  extrapolation  is 
applied  to  the  workers  covered  by  this 
rule,  her  hired  farm  worker  projection 
should  be  reduced  by  48  percent  to 
81,432. 

Although  WRI  included  Ms.  Coye’s 
hypothesis  of  300,000,  they  did  not 
consider  it  to  be  an  estimate  of  farm 
worker  illnesses.  Instead,  they  said: 

Since  1973,  when  improved  surveillance 
methods  were  put  into  effect,  the  number  of 
poisoning  incidents  among  fieldhands  has 
risen  each  year  by  13.9  percent.  According  to 
Molly  Coye  of  the  National  Institute  of 
Occupational  Safety  and  Health  in  San 
Francisco,  these  fieldhands  currently  suffer 


the  highest  rates  of  occupationally  related 
illnesses  in  the  state:  7  cases  per  1,000  for 
full-time  workers  (more  than  twice  the 
overall  average).  Over  40  percent  of  these 
incidents  involve  only  five  compounds: 
parathion,  diazinon,  Phosdrin/Mevinphos, 
methomyl,  and  Omite  Propagite.4*  [Emphasis 
added] 

The  7  per  1,000  rate  in  California,  if 
applied  to  EPA’s  estimated  1.8  million 
hired  workers,  computes  to  be  12,600. 
This  number  is  remarkably  similar  to 
EPA’s  original  “best  estimate"  of  12,500. 

The  above  quotation  suggests  that 
World  Resources  Institute  (WRI),  (and 
derivatively,  EPA)  confused  all- 
occupational  illness  rates  and  pesticide- 
related  illnesses.  An  examination  of  the 
underlying  document  by  Ms.  Coye 
indicates  she  referred  to  “occupational 
illnesses,”  rather  than  pesticide-related 
illnesses,44 The  underlying  document 
also  shows  her  data  are  not  current  but 
represent  a  1979  survey.  Although  here 
they  said  “occupationally  related 
illnesses,"  WRI  had  earlier  discussed 
the  40  percent  incidence  rate  of  five 
particular  compounds  in  a  clearly 
pesticide-related  context,  not  of  all 
occupational  illnesses.4* 

If  the  draft  final  rule  is  to  be  based 
upon  the  WRI’s  report  and  Ms.  Coye’s 
treatise,  it  would  be  more  appropriate  to 
use  her  actual  estimate  of  farm  worker 
illnesses  of  7  per  1,000  full-time 
workers.4® 

If  the  Coye/World  Research  Institute 
7  per  1,000  full-time  workers  estimate  is 
used,  it  should  be  recognized  that  most 
hired  farm  workers  do  not  work  on  a 
full-time  basis.  In  1987,  hired  farm 
workers  worked  an  average  of  112  days 
or  45  percent  of  full-time.47  Since  Ms. 
Coye’s  ratio  applies  to  full-time  workers, 
the  computation  for  the  number  of 
pesticide-related  illnesses  among  all 
hired  farm  workers  would  be: 


“Field  Duty:  U.S.  Farmworkers  and  Pesticide 
Safety,  World  Resources  Institute,  page  41  (1985). 

“Coye,  Molly  JoeL  Health  Effects  of  Agricultural 
Production.  Presented  at  a  Symposium  of  the 
National  Academy  of  Sciences,  page  178  (1988). 

“Field  Duty:  US.  Farmworkers  and  Pesticide 
Safety,  World  Resources  Institute,  page  38  (1985). 

“Coye,  Molly  Joel,  Health  Effects  of  Agricultural 
Production.  Presented  at  a  Symposium  of  the 
National  Academy  of  Sciences,  page  178  (1988). 

*’ Oliveira.  Victor  J.  and  Cox.  E.  Jane.  The 
Agricultural  Work  Force  of  1987:  A  Statistical 
Profile,  page  5  (May  1989). 
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0.45  X  1.8  million  X  0.007  = 


A  similar  calculation  would  be  needed  illnesses  among  handlers;  however,  EPA  inapplicability),  the  number  of  handler 
for  the  estimated  527,000  pesticide  estimates  that  58  percent  of  all  pesticide  cases  may  be  calculated  from  the 

handlers.  EPA’s  RIA  provides  no  data  poisoning  cases  are  handlers.48  If  so,  number  of  farm  worker  incidents: 

on  the  number  of  pesticide-related  (ignoring  Dr.  Kahn’s  admonition  of 


Handler  incidents  = 


5,670  X  0.58 


=  7,830 


The  total  number  of  annual  pesticide 
illnesses  of  workers  and  handlers  would 
therefore  be  5,670  plus  7,830  or  13,500. 
This  number  is  reasonably  consistent 
with  EPA'8  original  “best  estimate”  of 
12,500. 

When  extrapolating  California  data  to 
the  rest  of  the  nation,  adjustment  should 
be  made  for  the  fact  that  pesticides 
generally  degrade  much  more  slowly  in 
arid  regions  and  this  persistence  causes 
a  greater  incidence  of  pesticide-related 
illness  in  California  than  would  be 
expected  in  most  of  the  nation. 

According  to  WRI: 

[SJcientific  evidence  suggests  that  pesticide 
degradation  rates  are  dramatically  affected 
by  ambient  moisture,  humidity,  temperature, 
and  rainfall.  In  hot,  dry  areas  like  California, 
where  crops  may  be  grown  only  with 
extensive  irrigation,  residues  remain  on 
foilage  for  long  periods,  unwashed  by  dew  or 
rains.  In  other  places,  such  as  Florida  and 
much  of  Texas,  frequent  precipitation  reduces 
the  danger  to  human  beings.49 

EPA  acknowledged  this  in  its 
proposed  rule,  saying  “the  reentry 
problem  exists  throughout  the  country, 
although  it  appears  to  be  greatest  in 
California;  *  *  *  Indeed,  not  only  are 
estimates  of  pesticide-related  illnesses 
skewed  by  the  reliance  upon  California 
data,  the  generic  and  specific  reentry 
intervals  and  the  restricted-entry 
interval  may  be  biased  as  well.  As 
Herbert  Nigg  and  his  colleagues  have 
noted,  “Delayed  fieldworker  reentry 
illnesses  have  clustered  in  the  central 
valley  of  California.  In  particular,  the 
longer  (3  to  60  day)  acute  reentry 

"Field  Duty:  U.S.  Farmworkers  and  Pesticide 
Safety,  World  Resources  Institute,  page  8  (1985). 


incidents  have  been  limited  to 
California."50 

Data  collected  by  Poison  Control 
Centers  indicate  14,749  of  68,810 
reported  pesticide  exposures  (excluding 
rodenticides)  were  treated  in  1990. 51  The 
outcome  of  64  percent  of  reported 
exposures  was  classified  as  “none”  or 
"minor.”  Of  these  reported  exposures,  47 
percent  involved  children  less  than  6 
years  of  age,  and  many  of  the  products 
identified  were  household  or  veterinary 
products,  which  suggests  that  many 
pesticide-related  poisoning  incidents  are 
not  associated  with  occupational 
exposure.  Although  this  report  may 
underestimate  pesticide-related 
poisoning  incidence  because  of  missing 
data,  it  also  suggests  that  the  range  of 
occupational  poisoning  estimated  by 
EPA  and  the  expected  benefits  of  this 
draft  final  rule  are  overstated. 

Data  published  by  the  American 
Association  of  Poison  Control  Centers 
suggests  that  the  incidence  of  pesticide 
poisonings  is  far  less  than  300,000.  This 
is  consistent  with  recent  conversations 
of  USDA  staff  with  the  National 
Pesticide  Telecommunications  Network 
whose  statistics  support  the  low  end  of 
EPA’s  range. 

In  view  of  the  foregoing,  it  appears 
that  EPA’s  original  "best  estimate”  of 
12,500  pesticide-related  illnesses 
continues  to  be  the  best  available 
estimate. 


“Nigg,  H.N.,  Henry,  J.A.,  and  Stamper,  J.H., 
Regional  Behavior  of  Pesticide  Residues  in  the 
United  States,  85  Residue  Review,  page  257  (1983). 

“1990  Annual  Report  of  the  American 
Association  of  Poison  Control  Centers  National 
Data  Collection  System. 


III.  Conclusion 

The  foregoing  information  regarding 
EPA’s  Worker  Protection  Standard  for 
Agricultural  Pesticides,  40  CFR  part  170 
and  subpart  K  of  part  156,  published  in 
the  Federal  Register  of  August  21, 1992 
(57  FR  38102),  has  been  published  at  the 
request  of  the  USDA  and  is  a  detailed 
publication  of  USDA’s  comments  on  the 
draft  final  regulations.  For  a  summary  of 
USDA’s  comments  and  EPA’s  responses, 
see  the  preamble  to  the  August  21, 1992 
final  rules,  especially  the  section 
entitled  “Statutory  Review — U.S. 
Department  of  Agriculture."  A  more 
detailed  EPA  response  is  available  in 
the  docket  for  the  rule  and  is  available 
for  public  inspection  as  noted  in  the 
“ADDRESSES”  section  8t  the  beginning 
of  this  document. 

List  of  Subjects  in  40  CFR  Parts  156 
and  170 

Environmental  protection,  Labeling, 
Pesticides  and  pests,  Intergovermental 
relations,  Occupational  safety  and 
health.  Reporting  and  recordkeeping 
requirements. 

Dated:  September  3, 1992. 

Victor  J.  Kinun, 

Acting  Assistant  Administrator  for 
Prevention,  Pesticides  and  Toxic  Substances. 

[FR  Doc.  92-22119  Filed  9-11-92;  8:45  am] 
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By  the  authority  vested  in  me  as  President  by  the  Constitution  and  the  laws  of 
the  United  States  of  America,  including  section  5317  of  title  5  of  the  United 
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is  hereby  further  amended  by  adding  the  following  new  subsection: 

(k)  Members,  Chemical  Safety  and  Hazard  Investigation  Board  (5). 
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41421 

334 . 

40612 

Proposed  Rules: 

162 . 

. 41899 

36  CFR 

Proposed  Rules: 

51 . 

. 40496 

1191 . 

. 41006 

37  CFR 

1 . 

. 40493 

2 . 

. 40493 

202 . 

.  .  39615 

Proposed  Rules: 

1 . 

. 41899 

40849 

41096 

40608 

40609 
41698 
41396 
39604 


40397 


38  CFR 

3 . 40944 

17 . 41700 

21 . 40613 

36 .  40615 

Proposed  Rules: 

3 . 40424 

21 . 41451 

39  CFR 
Proposed  Rules: 

111 . 39646,  40890,  41716 

40  CFR 

52 . ..40126,  40331-40336 

55 . 40792 

136 . 41830 

148 . 41173 

156 . 42472 

170 . ...42472 

180 . 40128 

260  .  41173,41566 

261  . 41173,41566 

262  . 41173 

264  . 41173 

265  .  41173 

266  . 41566 

268 . .... . 41173 

270  . 41173 

271  . 41173,  41566,  41699 

279 .  41566 

281 . 41874 

414 . - . 41836 

Proposed  Rules: 

52 . 40157,  40159,  41718 

62. . 40628 

122 . 41344 

180 .  40161-40163 

300 . 39659,  41452 

372 . 10820 

721 . .10820 

42  CFR 

60 . .41875 

410 . 39743 

412 .  39746 

413. . 39746 

Proposed  Rules: 

100 . . . . 41809 

43  CFR 

Public  Land  Orders: 

6943 .  39616 

Proposed  Rules: 

3710 . 41846 

44  CFR 

64  . 39617,  41104,  41875 

65  . 41877,41878 

67 . 39619,  41880 

Proposed  Rules: 

67 .  41905 

45  CFR 

641 . 40337 

1301 . 41881 

1302......... . 41886 

46  CFR 

30 . 41812 

32 . 41812 

35 . 41812 

70. . 41812 

78 . a . .41812 

90 . 41812 
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97 . 

. 41812 

1853 . 

. -40851 

107- . 

—  41812 

1870 . 

. 40851 

108 . 

. 41812 

109 . 

. 41812 

45  . 

. 40891 

167 . . 

. 41812 

169 . - . 

. 41812 

49  CFR 

170 . 

. 41812 

171... . 

. 41812 

40948 

184 . . . 

—.41812 

ass 

40946 

185— . . . 

. 41812 

396 . 

. 40946 

188 . .41812  571 . 40131,  41423,  41428 

196 . . ~ . 41812  588 . . 41428 

272. . . . 39621  1003 . . 41111 


298 . 

. 39621 

^039 

408?n 

510 . 

. . 39622,  40129 

lino 

39743 

514 . 

. - . 39622 

1313 

40820 

540 . 

. 41887 

1321 

408S7 

560 . 

572 . 

. 40616 

. 40616 

Proposed  Rules: 

174 . 

. 42466 

580 . 

. 39622 

177 

42466 

582 . 

. 39622 

192 . 

——.41119 

47CFR 

63 . : _ 41106,  41109 

73  .  39624,  39625.  40342, 

40849,41698.41700 

74  _ _ 41110 


90 . . . 40850 

95 . ...40343 


97 . 

. 40343 

Proposed  Rules: 

Ch.  1 . 

.  39661 

2 . 

. .  40630 

13 . 

. 41718 

15 . 

. 40630 

22 . 

_ 40630 

25 .  40425,  40426,  40891 

61 . 40426 

63 . 41118 

69 . 40428 


73 .  39663,  41719,  41911 


41912 

99 . 

. 40630 

48  CFR 

31 . 

. 40344 

215— . 

—.41422 

252 . 

. 41422 

270 . 

. 41422 

923 . 

.....41974 

1801 . 

. 40851 

1803 . 

. 40851 

1804 . 

. 40851 

1805 . 

. 40851 

1806 . 

. 40851 

1807 . 

. 40851 

1808 . 

. 40851 

1809 . 

. 40851 

1813 . 

. 40851 

1815 . . . 

. 40851 

1816 . 

. 40851 

1819 . 

. 40851 

1822 . 

. 40851 

1823 . . 

. 40851 

1825 .  . 

. 40851 

1827 . 

. 40851 

1831 . 

. 40851 

1832. . 

. 40851 

1833 . 

. 40851 

1836 . - . 

. 40851 

1837 . 

. 40851 

1842 . 

.—  40851 

1845... . . . 

. 40851 

1849 . 

. 40851 

1851 

. 40851 

1852 . - 

. 40851 

218. . 41454 

571 . -40165,  41912 

1002 .  39743.  41459 

1018 . 41459 

1039 . 39663,  41122 

1145 . - . —.41122 

1312 . 41459 

1313- . 41459 

1314.— . 41459 

50  CFR 

20— . 40032 

204 . - . 40858 

216— . —  41701 

217 .  40859,  40861,  4T703 

227 . 40859,  40861,  41703 

299 . - . . . 40858 

641 . 41892 

646 .  41892 

653 . - . 40134 

661 . 39626,  40135,  40136, 

40622,41705 

663 .  40136,  41112 

672... . 40137,  40255 

681 . 41112 

683 . 40255 

Proposed  Rules: 

17 .  39664,  40429 

216  . -40166 

217  . 41123 

227 _ 41123 

611— . :. . . . 40493 

685 . 40493 
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CFR  CHECKLIST 


This  checklist,  prepared  by  the  Office  of  the  Federal  Register,  is 
published  weekly.  It  is  arranged  in  the  order  of  CFR  titles,  stock 
numbers,  prices,  and  revision  dates. 

An  asterisk  (*)  precedes  each  entry  that  has  been  issued  since  last 
week  and  which  is  now  available  for  sale  at  the  Government  Printing 
Office. 

A  checklist  of  current  CFR  volumes  comprising  a  complete  CFR  set, 
also  appears  in  the  latest  issue  of  the  LSA  (List  of  CFR  Sections 
Affected),  which  is  revised  monthly. 

The  annual  rate  for  subscription  to  all  revised  volumes  is  $620.00 
domestic,  $155.00  additional  for  foreign  mailing. 

Mail  orders  to  the  Superintendent  of  Documents,  Attn:  New  Orders, 
P.O.  Box  371954,  Pittsburgh,  PA  15250-7954.  All  orders  must  be 
accompanied  by  remittance  (check,  money  order,  GPO  Deposit 
Account,  VISA,  or  Master  Card).  Charge  orders  may  be  telephoned  to 
the  GPO  Order  Desk,  Monday  through  Friday,  at  (202)  783-3238  from 
8:00  a.m.  to  4:00  p.m.  eastern  time,  or  FAX  your  charge  orders  to 
(202)  512-2233. 


Title 

Stock  Number 

Price 

Revision  Date 

1,  2  (2  Reserved) . 

(869-017-00001-9)..., 

....  $13.00 

ion.  1,  1992 

3  (1991  Compilation  and 

Ports  100  and  101) . 

(869-017-00002-7).... 

....  17.00 

1  ion.  1,  1992 

4 

.  (869-017-00003-5)... 

....  16.00 

Jon.  1,  1992 

5  Parts: 

1-499 . 

.  (869-017-00004-3).... 

....  18.00 

Jon.  1,  1992 

700-1199 . 

.  (869-017-00005-1)..., 

....  14.00 

Jon.  1.  1992 

1200-End,  6  (6  Reserved). 

(869-017-00006-0)... 

...  19.00 

Jan.  1,  1992 

7  Parts: 

0-26 . 

.  (869-017-00007-8)... 

....  17.00 

Jan.  1,  1992 

27-45 . 

.  (869-017-00008-6)... 

....  12.00 

Jan.  1.  1992 

46-51 . 

.  (869-017-00009-4)... 

....  18.00 

Jan.  1,  1992 

52 . 

.  (869-017-00010-8)... 

....  24.00 

Jan.  1,  1992 

53-209 .... . .  ., 

.  (869-017-00011-6)... 

....  19.00 

Jan.  1,  1992 

210-299  . 

.  (869-017-00012-4)... 

....  26.00 

Jan.  }.  1992 

300-399  . 

(869-017-00013-2)... 

....  13.00 

Jan.  1,  1992 

400-699  . 

(869-017-00014-1)... 

....  15.00 

Jan.  1,  1992 

700-899  . 

.  (869-017-00015-9)... 

....  18.00 

Jan.  1,  1992 

900-999 . 

.  (869-017-00016-7)... 

....  29.00 

Jon.  1,  1992 

1000-1059 . 

.  (869-017-00017-5)... 

....  17.00 

Jan.  1,  1992 

1060-1119 . 

.  (869-017-00018-3)... 

....  13.00 

Jon.  1,  1992 

1120-1199 . 

.  (869-017-00019-1)... 

....  9.50 

Jan.  1,  1992 

1200-1499 . 

.  (869-017-00020-5)... 

....  22.00 

Jon.  1,  1992 

1500-1899 . 

.  (869-017-00021-3)... 

....  15.00 

Jan.  1,  1992 

1900-1939 . 

.  (869-017-00022-1)... 

....  11.00 

Jan.  1,  1992 

1940-1949 . 

.  (869-017-00023-0)... 

....  23.00 

Jon.  1,  1992 

1950-1999 . 

.  (869-017-00024-8)... 

....  26.00 

Jon.  1,  1992 

2000-End  . 

.  (869-017-00025-6)... 

....  11.00 

Jan.  1,  1992 

8 . 

.  (869-017-00026-4)... 

....  17.00 

Jan.  1.  1992 

9  Parts: 

1-199 . 

.  (869-017-00027-2)... 

....  23.00 

Jan.  1,  1992 

200-End . 

.  (869-017-00028  1) 

18  00 

Jon.  1,  1992 

10  Parts: 

0-50 . 

.  (869-017-00029-9)... 

....  25.00 

Jan.  1,  1992 

51-199 . 

.  (869-017-00030-2)... 

....  18.00 

Jon.  1,  1992 

200-399  . 

.  (869-017-00031-1)... 

....  13.00 

♦  Jon.  1,  1987 

400-499  . 

.  (869-017-00032-9)... 

....  20.00 

Jan.  1,  1992 

500-End . 

.  (869-017-00033-7)... 

....  28.00 

Jan.  1,  1992 

11 . 

.  (869-017-00034-5)... 

....  12.00 

Jon.  1,  1992 

12  Parts: 

1-199 . 

.  (869-017-00035-3)... 

.  13.00 

Jon.  1,  1992 

200-219  . 

.  (869-017-00036-1)... 

.  13.00 

Jan.  1,  1992 

220-299  . 

.  (869-017-00037-0)... 

....  22.00 

Jan.  1,  1992 

300-499  . 

..  (869-017-00038-8)... 

.  18.00 

Jon.  1,  1992 

500-599  . 

..  (869-017-00039-6)... 

.  17.00 

Jon.  1,  1992 

600-End  . 

..  (869-017-00040-0)... 

19.00 

Jan.  1,  1992 

13 . 

..  (869-017-00041-8).. 

.  25.00 

Jon.  1,  1992 

Title 

Stock  Number 

Price 

Revision  Date 

14  Parts: 

1-59 . 

. (869-017-00042-6) . 

25.00 

Jon.  1,  1992 

60-139  . 

. (869-017-00043-4) . 

22.00 

Jon.  1,  1992 

140-199  . 

. (869-017-00044-2) . 

11.00 

Jan.  1,  1992 

200-1199 . 

. (869-017-00045-1) . 

20.00 

Jan.  1,  1992 

1200-End . 

. (869-017-00046-9) . 

14.00 

Jan.  1,  1992 

15  Parts: 

0-299 . 

. (869-017-00047-7) . 

13.00 

Jan.  1,  1992 

300-799  . 

. (869-017-00048-5) . 

21.00 

Jon.  1,  1992 

800-End . 

. (869-017-00049-3) . 

17.00 

Jan.  1,  1992 

16  Parts: 

0-149 . 

. (869-017-00050-7) . . 

6.00 

Jan.  1.  1992 

150-999 

(869-017-00051  5) 

14.00 

Jan.  1,  1992 

1000-End . 

. (869-017-00052-3) . 

20.00 

Jan.  1,  1992 

17  Parts: 

1-199 

(869  017  00051  0) 

15.00 

Apr.  1,  1992 

200-239 . . . 

. (869-017-00055-8) . 

17.00 

Apr.  1,  1992 
Apr.  1,  1992 

Apr.  1.  1992 

240-End . . 

. (869-017-00056-6) . 

24.00 

18  Parts: 

1-149 . 

. (869-017-00057-4)- . 

16.00 

150-279 _ 

. (869-017-00058-2) . 

19.00 

Apr.  1.  1992 

280-399  . 

. (869-017-00059-1) . 

14.00 

Apr.  1,  1992 

400-End . 

. (869-017-00060-4) . 

9.50 

Apr.  1,  1992 

Apr.  1.  1992 
Apr.  1,  1992 

Apr.  1.  1992 

19  Parts: 

1-199 . 

. (869-017-00061-2) . 

28.00 

200-End . 

(869-017-00062-1) . 

9.50 

20  Parts: 

1-399  . 

. (869-017-00063-9)—... 

16.00 

400-499 . . 

. (869-017-00064-7) . 

31.00 

Apr.  1,  1992 

500-End . 

. (869-017-00065-5) . 

21.00 

Apr.  1.  1992 

21  Parts: 

1-99 . 

. (869-017-00066-3) . 

13.00 

Apr.  1,  1992 
Apr.  1,  1992 

100-169  . 

. (869-017-00067-1) . 

14.00 

170-199  . 

. (869-017-00068-0) . 

18.00 

Apr.  1,  1992 

200-299  ..... . 

. (869-017-00069-8) . 

5.50 

Apr.  1,  1992 

300-499 . 

. (869-017-00070-1) . 

29.00 

Apr.  1,  1992 

500-599  . 

. (869-017-00071-0) . 

21.00 

Apr.  1.  1992 
Apr.  1,  1992 

600-799  . 

. (869-017-00072-8) . 

7.00 

800-1299 . 

. (869-017-00073-6) . 

18.00 

Apr.  1.  1992 
Apr.  1,  1992 

1300-End . . . 

. (869-017-00074-4) . 

9.00 

22  Parts: 

1-299  . 

. (869-017-00075-2) . 

26.00 

Apr.  1,  1992 

300-End . . 

. (869-017-00076-1) . 

19.00 

Apr.  1,  1992 

23 . 

. (869-017-00077-9) . 

18.00 

Apr.  1,  1992 

24  Parts: 

0-199 . 

. (869-017-00078-7) . 

34.00 

Apr.  1,  1992 

200-499  . 

. (869-017-00079-5) . 

32.00 

Apr.  1,  1992 

500-699  . 

. (869-017-00080-9) . 

13.00 

Apr.  1,  1992 

700-1699 . 

. (869-017-00081-7) . 

34.00 

Apr.  1,  1992 
Apr.  1,  1992 

Apr.  1,  1992 

1700-End . 

. (869-017-00082-5) . 

13.00 

25 . 

. (869-017-00083-3) . 

25.00 

26  Parts: 

§§  1.0-1-1.60 . 

. (869-017-00084-1) . 

17.00 

Apr.  1,  1992 

§§  1.61-1.169 . 

. (869-017-00085-0) . 

33.00 

Apr.  1.  1992 

§§  1.170-1.300... 

. (869-017-00086-8) . 

19.00 

Apr.  1,  1992 

§§  1.301-1.400 . 

. (869-01 7-00C87  -6) . 

17.00 

Apr.  1,  1992 

§§  1.401-1.500 . 

. (869-017-00088-4) . 

38.00 

Apr.  1,  1992 

§§  1.501-1.640 ..... 

. (869-017-00089-2) . 

19.00 

Apr.  1,  1992 

§§  1.641-1.850 . 

. (869-017-00090-6) . 

19  00 

Apr.  1,  1992 

§§  1.851-1.907. ... 

. (869-017-00091-4) . 

23.00 

Apr.  1,  1992 

§§  1.908-1.1000.. 

. (869-017-00092-2) . 

26.00 

Apr.  1,  1992 

§§  1.1001-1.1400. 

. (869-017-00093-1) . 

19.00 

Apr.  1,  1992 

§§  1.1401-End . 

. (869-017-00094-9) . 

26.00 

Apr.  1,  1992 

2-2? . : . . 

. (869-017-00095-7) . 

22.00 

Apr.  1,  1992 

30-39  . 

. (869-017-00096-5) . 

15.00 

Apr.  1,  1992 

40-49 . 

. (869-017-00097-3) . 

12.00 

Apr.  1,  1992 

50-299  . 

. (869-017-00098-1) . 

15.00 

Apr.  1,  1992 

300-499  . 

. (869-017-00099-0) . 

20.00 

Apr.  1,  1992 

500-599  . 

. (869-017-00100-7) . 

6.00 

Apr.  1,  1990 

Federal  Register  /  Vol.  57,  No.  178  /  Monday,  September  14. 1992  /  Reader  Aids 


v 


Title 

Stock  Number 

Price 

Revision  Date 

600-End . 

(869-017-00101-5) . 

6.50 

Apr.  1.  1992 

27  Parts: 

1-199 . 

(869-017-00102-3) . 

.  34.00 

Apr.  1,  1992 

200-End . 

(869-017-00103-1) . 

11.00 

6  Apr.  1,  1991 

July  1,  1991 

28 . 

(869-013-00104-4) . 

.  28.00 

29  Parts: 

0-99 . 

(869-017-00105-8) . 

.  19.00 

July  1,  1992 

100-499  . 

(869-013-00106-6) . 

,  9.00 

July  1,  1992 

500-899  . 

(869-013-00107-9) . 

„  27.00 

July  1.  1991 

900-1899 . 

(869-013-00108-7) . 

..  12.00 

July  1.  1991 

1900-1910  (§§  1901.1  to 
1910.999) . 

(869-013-00109-5) . 

..  24.00 

July  1.  1991 

1910  (§§  1910.1000  to 
end) . 

(869-013-00110-9) . 

..  14.00 

July  1,  1991 

1911-1925 . 

(869-017-00111-2) . 

9.00 

7  July  1.  1989 

1926 . 

(869-013-00112-5) . 

..  12.00 

July  1,  1991 

1927-End  . 

(869-013-00113-3) . 

..  25.00 

July  1.  1991 

30  Parts: 

1-199 . 

(869-013-00114-1) . 

..  22.00 

July  1,  1991 

200-699  . 

(869-017-00115-5) . 

..  19.00 

July  1,  1992 

700-End . 

.  (869-013-00116-8) . 

..  21.00 

July  1.  1991 

July  1.  1991 
July  1,  1991 

31  Parts: 

0-199 . 

.  (869-013-00117-6) . 

15.00 

200-End  . 

.  (869-013-00118-4) . 

..  20.00 

32  Parts: 

1-39,  Vol.  1 . 

...  15.00 

2  July  1.  1984 

1-39.  Vol.  H.._ . 

...  19.00 

2  July  1,  1984 

1-39,  Vol.  Dl . 

...  18.00 

2  July  1,  1984 

1-189 . 

(869-013-00119-2) . 

...  25.00 

July  1.  1991 

190-399  . 

.  (869-013-00120-6) . 

..  29.00 

July  1,  1991 

400-629  . 

.(869-013-00121-4) . 

...  26.00 

July  1,  1991 

630-699  . 

.  (869-013-00122-2) . 

...  14.00 

July  1,  1991 

700-799  . 

.  (869-013-00123-1) . 

...  17.00 

July  1,  1991 

800-End . 

.  (869-017-00124-4) . 

...  20.00 

July  1,  1992 

33  Parts: 

1-124 . 

.  (369-013-00125-7)..... 

...  15.00 

July  1,  1991 

125-199  . 

..  (869-0 1 3-00 1 26-5) .... 

...  18.00 

July  1,  1991 

200-End . 

.  (869-017-00127-9) . 

...  23.00 

July  1.  1992 

34  Parts: 

1-299 . 

..  (869-013-00128-1).... 

...  24.00 

July  1.  1991 

300-399  . 

..  (869-013-00129-0).... 

...  14.00 

July  1,  1991 

400-End . 

..  (869-013-00130-3).... 

...  26.00 

July  1,  1991 

35 . 

..  (869-013-00131-1).... 

...  10.00 

July  1.  1991 

36  Parts: 

1-199 . 

..  (869-017-00132-5).... 

...  15.00 

July  1.  1992 

200-End . . . 

..  (869-017-00133-3).... 

...  32.00 

July  1.  1992 

37 . 

..  (869-013-00134-6).... 

...  15.00 

July  1.  1991 

38  Parts: 

0-17 . 

..  (869-013-00135-4).... 

...  24.00 

July  1,  1991 

18-End . 

..  (869-013-00136-2).... 

...  22.00 

July  1,  1991 

39 . 

..  (869-017-00137-6).... 

...  16.00 

July  1,  1992 

40  Parts: 

1-51 . 

..  (869-013-00138-9).... 

...  27.00 

July  1.  1991 

52 . 

...  (869-013-00139-7).... 

....  28.00 

July  1.  1991 

53-60 . 

...  (869-013-00140-1).... 

...  31.00 

July  1,  1991 

61-80 . 

...  (869-013-00141-9).... 

....  14.00 

July  1,  1991 

81-85 . 

...  (869-0 13-001 42-7) 

....  11.00 

July  1,  1991 

86-99 . 

...  (869-013-00143-5)... 

....  29.00 

July  1,  1991 

100-149  . 

...  (869-013-00144-3)... 

....  30.00 

July  1.  1991 

150-189 . 

...  (869-013-00145-1)... 

....  20.00 

July  1,  1991 

190-259  . 

...  (869-013-00146-0)... 

....  13.00 

July  1,  1991 

260-299  . 

...  (869-013-00147-8)... 

....  31.00 

July  1,  1991 

300-399  . 

...  (869-013-00148-6)... 

....  13.00 

July  1,  1991 

400-424  . 

...  (869-017-00149-0)... 

....  26.00 

July  1,  1992 

425-699  . 

...  (869-0 13-001 50-8) _. 

....  23.00 

7  July  1.  1989 

700-789  . 

...  (869-013-00151-6)... 

....  20.00 

July  1,  1991 
July  1,  1991 

790-End . 

...  (869-013-00152-4)... 

....  22.00 

Title 

41  Chapters: 

Stock  Number 

Price 

Revision  Date 

1,  1-1  to  1-10 . 

..  13.00 

3  July  1,  1984 

1,  1-11  to  Appendix,  2  (2  Reserved) . 

..  13.00 

3  July  1,  1984 

3-6 . 

..  14.00 

3  July  1,  1984 

7 . 

..  6.00 

3  July  1,  1984 

8 . 

..  4.50 

3  July  1,  1984 

9 . 

..  13.00 

3  July  1,  1984 

10-17 . 

. 

..  9.50 

3  July  1,  1984 

18,  Vol.  1,  Ports  1-5 . 

..  13.00 

3  July  1,  1984 

18,  Vol.  H,  Ports  6-19 . 

..  13.00 

3  July  1,  1984 

18.  Vol.  111.  Ports  20-52 .. 

..  13.00 

3  July  1,  1984 

19-100 . 

..  13.00 

3  July  1,  1984 

1-100 . 

..  (869-013-00153-2) . 

8.50 

8  July  1,  1990 

101 . 

..(869-013-00154-1) . 

..  22.00 

July  1,  1991 

102-200  . 

..  (869-017-00155-4) . 

..  11.00 

9  July  1,  1991 

201-End . 

..  (869-013-00156-7) . 

..  10.00 

July  1,  1991 

42  Parts: 

1-60 . 

..  (869-013-001S7-5) . 

..  17.00 

Oct.  1,  1991 

61-399  . 

...  (869-013-00158-3) . 

5.50 

Oct.  1,  1991 

400-429  . 

...  (869-013-00159-1) . 

..  21.00 

Oct.  1,  1991 

430-End . 

...  (869-013-00160-5) . 

..  26.00 

Oct.  1,  1991 

43  Parts: 

1-999 . 

...  (869-013-00161-3) . 

..  20.00 

Oct.  1,  1991 

1000-3999 . 

...  (869-013-00162-1) . 

..  26.00 

Oct.  1,  1991 

4000-End . 

...  (869-013-00163-0) . 

..  12.00 

Oct.  1.  1991 

44 . 

...  (869-013-00164-8) . 

..  22.00 

Oct.  1,  1991 

45  Parts: 

1-199 . 

...  (869-013-00165-6) . 

,..  18.00 

Oct.  1,  1991 

200-499  . 

...  (869-013-00166-4) . 

...  12.00 

Oct.  1,  1991 

500-1199 . 

...  (869-013-00167-2) . 

...  26.00 

Oct.  1,  1991 

1200-End . (869-0 13-001 6ft- 1) .  19.00  Oct.  1.  1991 


46  Parts: 


1-40 . 

...  (869-013-00169-9) . 

15.00 

Oct.  1,  1991 

41-69 . 

...  (869-013-00170-2) . 

14.00 

Oct.  1,  1991 

70-89 . 

...  (869-013-00171-1) . 

7.00 

Oct.  1,  1991 

90-139 . 

...  (869-013-00172-9) . 

12.00 

Od.  1,  1991 

140-155  . 

...  (869-013-00173-7) . 

10.00 

Od.  1,  1991 

156-165 . 

...  (869-013-00174-5), - 

14.00 

Od.  1.  1991 

166-199 . 

...  (869-013-00175-3) . 

14.00 

Od.  1,  1991 

200-499  . 

...  (869-013-00176-1) . 

20.00 

Od.  1,  1991 

SflO-FnH 

(869-013-00177-0) . 

11.00 

Od  1.  1991 

47  Parts: 

0-19 . 

...  (869-013-00178-8) . 

19.00 

Od.  1,  1991 

20-39  . 

...  (869-013-00179-6) . 

19.00 

Od.  1.  1991 

40-69 . 

...  (869-013-00180-0). — 

10.00 

Od.  1,  1991 

70-79  . 

...  (869-013-00181-8) . 

18.00 

Od.  1.  1991 

RO-Fnd _ _ 

(869-013-00182-6) . 

20  00 

Od.  1.  1991 

48  Chapters: 

1  (Ports  1-51) . 

...  (869-013-00183-4) . 

31.00 

Od.  1,  1991 

1  (Ports  52-99) . 

...  (869-013-00184-2) . 

19.00 

Od.  1,  1991 

2  (Ports  201-251) . 

...  (869-013-00185-1) . 

13.00 

Dec.  31,  1991 

2  (Ports  252-299) . 

...  (869-013-00186-9) . 

10.00 

Dec.  31,  1991 

3-6 . 

...  (869-013-00187-7) . 

19.00 

Od.  1,  1991 

7-14 . 

...  (869-013-00188-5) . 

26.00 

Od.  1,  1991 

15-End . 

...  (869-013-00189-3) . 

30.00 

Od.  1,  1991 

49  Parts: 

1-99 . 

...  (869-013-00190-7) . 

20.00 

Od.  1,  1991 

100-177  . 

...  (869-013-00191-5) . 

23.00 

Dec.  31.  1991 

178-199  . 

...  (869-013-00192-3) . 

17.00 

Dec.  31.  1991 

200-399  . 

...  (869-013-00193-1) . 

22.00 

Od.  1,  1991 

400-999  . 

...(869-013-00194-0) . 

27.00 

Od.  1.  1991 

1000-1199 . 

...  (869-013-00195-8) . 

17.00 

Od.  1,  1991 

1200-End . 

...  (869-013-00196-6) . 

19.00 

Od.  1.  1991 

50  Parts: 

1-199 . 

....(869-013-00197-4) . 

21.00 

Od.  1,  1991 

200-599  . 

....  (869-013-00198-2) . 

17.00 

Od.  1,  1991 

600-End  . . 

(869-013-00199-1) . 

17.00 

Od.  1.  1991 

CFR  Index  and  Findings 

Aid* . 

....  (869-017-00053-1) . 

31.00 

Jan.  1,  1992 

vi 
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Title  Stock  Number  Price  Revision  Date 

Complete  1992  CFR  set . . .  620.00  1992 

Microfiche  CFR  Edition: 

Complete  set  (one-time  moiling) .  185.00  1989 

Complete  set  (one-time  mailing) _  188.00  1990 

Complete  set  (one-time  mailing) . .  188.00  1991 

Subscription  (mailed  as  issued) .  188.00  1992 

tndmdual  copies . .  2.00  1992 


1  Because  TMe  3  is  an  annual  compilation,  this  volume  and  all  previous  volumes  should  be 
retained  as  a  permanent  reference  source. 

*The  July  1,  1985  edition  of  32  CHI  Ports  1-189  contains  a  note  only  for  Ports  1-39 
inclusive.  For  the  full  text  of  the  Defense  Acquisition  Regulations  in  Parts  1-39.  consult  the 
three  CFR  volumes  issued  as  of  July  1,  1984,  containing  those  parts. 

1  The  July  1,  1985  ecfition  of  41  CFR  Chapters  1-100  contains  a  note  only  for  Chapters  1  to 
49  inclusive.  For  the  full  text  of  procurement  regulations  in  Chapters  1  to  49,  consult  the  eleven 
CFR  volumes  issued  as  of  July  1,  1984  containing  those  chapters. 

4  No  amendments  to  this  volume  were  promulgated  during  the  period  Jan.  1,  1987  to  Dec. 
31,  1991.  The  CFR  volume  issued  January  1,  1987,  should  be  retained. 

6  No  amendments  to  this  volume  were  prcmulgcSed  during  the  period  Apr.  1,  1990  to  Mar. 
31,  1991.  The  CFR  volume  issued  April,  1990,  should  be  retained. 

•  No  amendments  to  this  volume  were  promulgated  during  the  period  Apr.  1,  1991  to  Mar. 
30,  1992.  The  CFR  volume  issued  April  1,  1991,  should  be  retained. 

7  No  amendments  to  this  volume  were  promulgated  during  the  period  July  1,  1989  to  June 
30,  1992.  The  CFR  volume  issued  July  1,  1989,  should  be  retained. 

8  No  amendments  to  this  volume  were  promulgated  during  the  period  July  1,  1990  to  June 
30,  1991.  The  CFR  volume  issued  July  I.  1990,  should  be  retained. 

8  No  amendments  to  this  volume  ware  promulgated  during  the  period  July  1,  1991  to  June 
30,  1992.  The  CFR  volume  issued  July  1.  1991,  should  be  retained. 


. 


